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Resear ch Objective

Technetium (*Tc, half-life = 2.13x10° years, b-emitter) is one of the radionuclides of
major concern for nuclear waste disposal. This concern is due to the long half-life of
*Tc, the ease with which pertechnetate, TcO,, migrates in the geosphere, difficulties in
incorporating technetium into glass waste forms, and the corresponding regulatory
considerations. The problem of mobility of pertechnetate in the environment is
compounded by the fact that pertechnetate is the thermodynamicaly stable form of
technetium in oxidizing environments. Because of this stability, pertechnetate was
presumed to be the predominant chemical form of technetium in the agueous phase of
nuclear waste tanks. However, studies have indicated that a significant fraction of the
technetium is in a different chemical form.”* These factors present challenges the
separation and immobilization of technetium. The objective of this project is to
investigate the chemical behavior of technetium so that these problems may be
understood and the challenges addressed.

Resear ch Progressand I mplications

Chemistry of technetium alkoxide complexes. Our work has identified lower vaent
technetium alkoxide complexes as the soluble species that are likely to be present in high-
level waste environments. One of our goas is to synthesize and isolate these species,
first using rhenium (to develop the chemical syntheses) and then technetium. So far, we
have not been able to successfully isolate the prerequisite rhenium analogs. These
anionic alkoxide complexes are ether insoluble or extremely soluble in common
solvents, which greatly complicates their isolation as pure compounds.

Immobilization of pertechnetate in cement. We are currently finishing work on the
behavior of technetium in blast furnace slag (BFS) based cement. The speciation of
technetium as a function of the presence of nitrite, nitrate, and/or oxygen has been
examined. The results are presented in Figure 1, which shows the evolution of the
oxidation state of technetium in two sets of cement samples. One set is seded with
respect to atmosphere whereas the other set is open to atmosphere. Both sets of samples
contain members that contain or do not contain nitrate and nitrite. Within the two sets, no
appreciable difference in the speciation of technetium is attributed to the presence of
nitrate or nitrite. The results strongly suggest that oxygen will oxidize the reduced
technetium in BFS based cement but nitrate and nitrite are unreactive with the reduced
technetium species.
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The implications of this work are
twofold. First, the technetium in
these BFS cements is air sensitive
and will be dowly oxidized to
pertechnetate upon exposure to
air. Second, in the absence of air,
the technetium will remain
reduced and will not be oxidized
by nitrate or nitrite. The results
suggest that in a given BFS

cement waste form, the bulk of
the technetium will reman
reduced since the potentialy
reactive components of the waste
matrix, nitrate and nitrite, do not
oxidize the reduced technetium
Species. However, the
technetium at the surface of the waste form will be oxidized by atmospheric oxygen as it
diffuses through the pore system. The complex reaction-diffuson mechanism of the
oxidation technetium species in this manner has previoudy been addressed, and our
results are consistent with the reported model .°
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In addition to the BFS cement research, we are readying a furnace for preparing
technetium containing ceramic and glass materials. The evolution of the speciation of
technetium in these matrices will be studied by X-ray absorption fine structure (XAFS)
gpectroscopy. We are also preparing and evaluating potential solid state “getters’ for
pertechnetate.

FutureWork

Chemistry of Tc(IV) alkoxide complexes. Since the isolation of the Tc(lV) akoxide
species identified in our previous work will require a much greater amount of time than
anticipated, we will examine instead the chemistry of two known Tc(IV) akoxide
species: Tc(eg),” and Tc(THMT),” where eg is ethylene glycolate and THMT is
[tris(hydroxymethyl)methyl]trimethylammonium.”®  The chemistry of these alkoxides is
expected to be very smilar to that of the Tc(IV) akoxide complexes produced by
radiolysis. Consequently, studying the chemical behavior of Tc(eg),” and Tc(THMT),”
should provide information that is directly applicable to the behavior of other Tc(IV)
alkoxide complexes.

Two genera areas of chemistry will be explored using these complexes. separation and
oxidation. Since Tc(lV) and Tc(V) form stable complexes with sulfur containing
ligands, exchange resins containing thiol groups will be examined to determine their
ability to remove these technetium species from highly alkaline solution. The reaction of
the Tc(IV) alkoxide complexes with various oxidizers will be studied in alkaline solution



both with and without the easily oxidized components of high-level waste, nitrite and
various organic compounds.

Immobilization of technetium. We will prepare and study technetium-containing titanium
and iron based ceramics to determine the evolution of the technetium speciation in these
materials. In addition, we will examine technetium-containing glass samples either
prepared by BNFL or prepared at LBNL using BNFL glass formulations. We will
continue to study pertechnetate sorbents that work by either ion exchange or covalent
immobilization.
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