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Introduction

technetium pyrochlore structure

Technetium (Tc) is an artificial element produced by nuclear fission, spallation, or other
transmutation processes. There are three long-lived isotopes of Tc, the most important
from a nuclear waste perspective being *Tc (half-life, t,, = 2.13 x 10° years). *Tc is

one of the most abundant, long-lived radiotoxic isotopes in used nuclear fuel (UNF). As L n O + 2TCO 9 L n TC O
such, it is targeted in UNF separation strategies such as UREX +[1], for isolation and 2 3 2 2 2 7

encapsulation in solid waste forms for storage in a nuclear repository. In terms of
compound formation, the preferred valence for Tc is +7. Tc reacts with oxygen to form

the heptoxide,Tc,0,, wherein the Tc’* cations are in tetrahedral (4-fold, V)
coordination. In aqueous solution, Tc,0O, readily reacts with water to form the
pertechnetate ion, TcO,.The TcO, pertechnetate ion is a highly-mobile aqueous

species. Consequently, it is a potential threat to the biosphere. Note that the
technetium in the pertechnetate ion is in oxidation state Tc’*. Immobilization of Tc in a
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compounds are high-melting temperature oxides and are recognized for their durability

[8]. Interestingly, in a complex oxide such as a pyrochlore, two or more fission products Powder XRD measurements revealed pyrochlore-type phases in all of the binary Ln203-TcO2

may be incorporated simultaneously into the same crystal structure. For instance, oxide system§ examined in thls_report, l.e., for Ln = Pr, Nd, Sm, Gd, and Lu. Using the diffraction
neodymium (Nd), a prominent lanthanide fission product, can be incorporated with Tc patterns obtained from each oxide sample, the lattice parameters of the Ln—Tc pyrochlores were
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Ammonium-pertechnetate (NH,TcO,) was obtained from Oak Ridge National
Laboratory and had to be purified before further use. The lanthanide (Ln) oxides, were 0 9 30 40 S0 80 70 80 90 100 410 120 Ac k N OWI B d g emen ts

purchased from Alfa Aesar and Arcos. To synthesize Ln—Tc pyrochlores, stoichiometric
amounts of Ln,O;were ground up with TcO,. The dry powder mixtures were wrapped Diffraction Angle 26 This proiect was funded under t
in platinum foil and folded to cold sealed envelopes. These envelopes were sealed in Pro]

silica ampoules under vacuum. After decontamination, the ampoules were inserted in a , _ , . Puﬂ.e ar I?n:_rgy (DOEh_ N, &
tube furnace and annealed at 1150°C for 48 hours under a constant flow of Argon Measured X-ray diffraction (XRD) patterns obtained from various Ln,Tc,0, pyrochlore compounds  funding of this research was prc

(99.99%). The ampoules were opened, the Pt envelopes unfolded, and the powders  Synthesized in this study. The pyrochlore XRD patterns are plotted (bottom to top) for Ln = Pr, Nd, Los Alamos National Laboratory
analyzed. Powder X-ray diffraction (XRD) and Rietveld analysis were used to  SM. Gd, and Lu. The 26 positions for similar (hkl) reflections in the various Ln pyrochlore phases by a DOE-NE program at Los A
determine and characterize the crystalline phase content of the Ln—Tc oxide samples. shift steadily towards larger 20 values, from pyrochlores with lighter lanthanides (e.g. Pr) to the for .ﬁs_3|on products. We also
heavier lanthanides (e.g. Lu). radiation safety team.
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