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Technetium (99Tc) is an abundant fission product that presents a number of challenges for the safe,
long-term disposal of high-level nuclear waste due to the 213,000 year half-life of 99Tc and the high
environmental mobility of pertechnetate, TcO4-, the most stable form of technetium under aerobic
conditions. Because of these properties, 99Tc is often the radionuclide of greatest concern when
evaluating the near-term performance of waste repositories.
This concern is reflected in the initial plan for the vitrification of high-level nuclear waste stored in
underground tanks at the Hanford site (Figure 1), in which the tank waste is separated into a high
activity waste stream, consisting mainly of insoluble components, and a low activity waste stream,
which is mainly the solution phase and includes most of the 99Tc in the waste tanks.1 The high
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Figure 1. Outline for vitrification of Hanford high-level waste.
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Initially, TcO4- was believed to be the only technetium
species present in the waste tanks, and separations
based upon ion exchange of TcO4- were developed.
While ion exchange works well for many tanks, work
by Schroeder, et al. (1995) showed that ion exchange
could not remove a large fraction, up to 90%, of the
technetium in certain tanks that contained a high
concentration of organic complexants.2 The failure of
ion exchange to remove the 99Tc was attributed to the
presence of a soluble, non-pertechnetate species. A
series of Tc K-edge X-ray Absorption Near Edge
Structure (XANES) studies was carried out at SSRL
by Blanchard, et al strongly supported this
explanation.3 The XANES spectra (Figure 2) clearly
showed the presence of a non-pertechnetate species
in waste from tanks SY-101, SY-103, and AN-107;
however, the identity of the non-pertechnetate species
could not be determined from the XANES spectra.
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Figure 2. XANES spectra of the nonpertechnetate species in tanks SY-101 (a)
and SY-103 (b) from Ref. 3

Identification of the non-pertechnetate species is important for developing separation strategies for
removing it from the low activity waste stream. Knowing its identity is necessary to determine
which ion exchange material is appropriate, and identifying the non-pertechnetate species would
allow the preparation of tank waste surrogates for laboratory testing of the separation strategies.
One goal of our research was to identify which technetium species are stable in the highly alkaline
environment of the Hanford high level waste tanks. The ultimate objective was to identify the
actual non-pertechnetate species.
To better understand which technetium species might be formed in Hanford waste tanks, 1M NaOH
solutions of TcO4- containing organic compounds that might be present in Hanford tanks were
radiolytically reduced.4 The resulting compounds were examined at SSRL using beamlines 11-2
and 4-1. In almost all cases, only insoluble TcO2•2H2O was formed. On the other hand, when
alkoxide ligands were present, soluble, red Tc(IV) complexes were formed. Both the insoluble
TcO2•2H2O and the soluble Tc(IV) complexes were characterized by extended X-ray absorption
fine structure (EXAFS). However, the alkoxides examined in the study are not present in sufficient
concentrations to account for the presence of soluble, non-pertechnetate species. One compound
found in Hanford tanks, gluconate, can potentially act as an alkoxide ligand with multiple binding
sites and can form soluble Tc(IV) complexes in alkaline solution. The Tc(IV) gluconate complex
was therefore examined by EXAFS.6 Although gluconate forms a very hydrolytically stable
complex with Tc(IV), the XANES spectrum of the Tc(IV) gluconate complex is different from that of
the non-pertechnetate species reported by Blanchard, et al.
Since this approach did not appear to help identify the non-pertechnetate species, the XANES
spectra of a variety of technetium species were calculated using FEFF85 and compared with the
actual spectrum of the non-pertechnetate species. Surprisingly, the complex with the most similar
calculated spectrum was the Tc(I) carbonyl complex fac-Tc(CO)3(H2O)3+.6 Tc(I) carbonyl forms a
stable, neutral complex, fac-Tc(CO)3(H2O)2(OH) in alkaline solution7 and also forms a stable
complex with gluconate. The measured EXAFS spectrum of fac-Tc(CO)3(H2O)2(OH) is shown in
Figure 3 along with the spectra of the Tc(IV) species that are stable in alkaline solution.
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Figure 3. EXAFS spectra and local structures for lower valent Tc complexes that are stable
under highly alkaline conditions: a) fac-Tc(CO)3(H2O)2(OH), b) Tc(IV) gluconate, c) Tc(IV)
glyoxylate (~30% are present as monomeric complexes), d) insoluble TcO2•2H2O. Data are
shown in red; fits are shown in black.
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The XANES spectra of several technetium
complexes are shown in Figure 4 along with
the spectrum of the actual nonpertechnetate species.
The XANES
spectra of the Tc(I) carbonyl complexes are
clearly very similar to that of the nonpertechnetate species.
However, the
identity of the non-pertechnetate species
cannot be assigned to a particular Tc(I)
carbonyl complex on the basis of their
XANES spectra. The XANES spectra of
both fac-Tc(CO)3(H2O)2(OH) and facTc(CO)3(gluconate) fit the XANES spectrum
of the non-pertechnetate species equally
well.
In addition, closely related Tc(I)

2

a
1 b
c
d
e

f
21000

21050
Photon energy (eV)

21000

nitrosyl
complexes
such
as
cisTc(CO)2(NO)(H2O)32+ also exist and could Figure 4. Tc K-edge XANES spectra of a) nonbe formed under the conditions present in pertechnetate species in tank SY-103 (black) and
22Hanford waste tanks.8 The XANES spectra Tc(CO)3(gluconate) (red), b) Tc(CO)3(gluconate) ,
of these Tc(I) nitrosyl complexes would be c) Tc(CO)3(HO)(H2O)2, d) -. Tc(IV) gluconate, e)
similar to those of the Tc(I) carbonyl Tc(IV) glyoxylate,. f) TcO4 The spectrum of the
species.
Consequently, although the non-pertechnetate species in tank SY-103 is from
Ref. 3.
XANES spectra of the non-pertechnetate
species obtained by Blanchard and
coworkers cannot be assigned to a specific technetium complex, the spectra can be assigned to a
Tc(I) carbonyl or carbonyl/nitrosyl complex. These results indicate that a successful technetium
separations technology must be formulated to target Tc(I)-carbonyl species.
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