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Interaction of Tc with iron(ll) phosphate
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Technetium (Tc) is an element originating mostly from the fission of 2351 and #*9Pu with a yield
of 6%." Therefore, ®Tc is mainly found in high-level radioactive waste, e.g. from nuclear power
or reprocessing plants.” The waste disposal is the subject of numerous studies due to the long
half-life of many radionuclides (e.g. *Tc: 2.1 - 10° years)' and their high radiotoxicity. One of
the most accepted concepts is the deep geological underground repository. A multiple barrier
system is planned to reduce the risk of a worst-case scenario, when water ingress could
induce the corrosion of the canister containing the waste and, thus, radionuclide release. For
the long-term safety, including the construction of effective barriers, the interaction of the
radionuclides with different minerals present in the repository needs to be studied at a
fundamental level. Tc shows a complex redox chemistry and is considered very mobile
compared to cationic radionuclides, due to the presence of the negatively charged TcO4”
under oxidising conditions. However, Tc migration decreases when Te(VIl) is reduced to
Te(IV) since it forms precipitates or is immobilized by mineral surfaces, e.g. with Fe(ll) minerals

(Figure 1).%

Vivianite (Fes(POs). - 8 Hz0) is a naturally occurring Fe(l) Fe?* Fe?*
mineral under reducing conditions® and can be formed by .
microorganisms.? Phosphate phases are already being @th‘;:;&zﬁﬁ’?
considered as an immobilisation matrix for other g o aal
radionuclides relevant in deep geological repositories (e.g. / T
235, QSTNp, zagpu‘ 243Am).7'3 @ TC‘"'O,;' TeVo

2

This study investigates the retention of Tc by synthetic
vivianite particles as a function of pH, Tc concentratien and
ionic strength on a macroscopic and molecular scale. In
addition, Tc(lV) reoxidation experiments were performed.*

Figure 8: Schematic
representation of the reduction
of KTcO4 on Fe(ll)-minerals.

The synthesis of vivianite was carried out by precipitation from a solution mixture of an iron(Il)
sulphate and ammeonium hydrogen phosphate, as described by Roldan et al..® The product
was characterised by Raman microscopy, Méssbauer spectroscopy, powder X-ray diffraction
and solubility studies with regard to the pH-dependent behaviour under N2 atmosphere. The
identified phase at pH 5.0 and pH 8.0 is vivianite. At pH 12.0 vivianite transforms into
Fe(I)(OH)2. The change in solid morphology due to the mineralogical modification was also
observed with scanning electron microscopy.

Batch contact experiments at Nz atmosphere were carried out to determine the interaction
between vivianite particles suspended in water and KTcO4. The Tc concentrations in solution
were determined by liquid scintillation counting and the Tc-loaded solid was analysed by X-
ray photoelectron spectroscopy (XPS). Kinetic contact experiments of 1 M TcOs~ show that
Tc uptake by vivianite increases with longer contact time at pH 8.0 and is complete after
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20 days, while no Tc retention takes
ys, place at pH#6.5. The Te-containing solid
tcer]?f_errclrr;irétsl::t ?rlgeS}ZSaLHSS;;HhJE.:JhV\'te{e (r-i\\r/l)alysed by XPS to determine the oxi%atigljl ssta];reog]f
e w that Tc was present on the solid surf i
analysed. It indicates that Tc removal at hi i o
nat T gh pH values is due to the reductive i ilizati
of Te(VIl) to Te(IV) by vivianite. However, at acidic pH values (pH 5.0) Te(VII) redTQi?)t:“cfféLorg

without decreasing the Tc concentration i i i
ot v BB e n solution, but by XPS, formerly dissolved Te(IV)

;I;}c;é:;{estigate the rernobilisa_tion of reduced Tc(IV), samples obtained after completion of Tc
Conceﬁtr:at(ie;r?:x;rg?‘lts _tat glffferent pH were exposed to ambient atmosphere and Tc
onitored for six months. Under oxidising conditi ilisati
Tc takes place at pH values above i HlEstor 67 T6 by oty
pH 8.0. The immobilisation of Tc by viviani i

complete over the course of six months. This shows o e
lef ‘ | a slower Tc(IV) reoxidation than i

containing FeS, mineral phases, where reoxidati Actional, oh

( : : ation starts after 64 days.'® Additi

increase of Tc retention was determined at s can’ i

: ( tion | pH2.0 and pH 3.0. T i

time-delayed immobilisation of Tc by the dissolved Fe(ll).e1 FIRan et sy

0se pro sing resu ts show a 1gn aim ty o anite towards Tc aided by the eductior of
5
C{V I) 0 ]C(IV) by structural 9(”) g VV g

The authors acknowledge the German Fed ini i
. : eral Ministry of Education and Resea
for the financial support of the NukSiFutur TecRad young investigator group (DZN[JCQO(?ZR;I?ZF

References:

NDS-Datenbank, https://www-nds.iaea.org, (accessed 4 June 2024).
A. H. Meena, Y. Arai, Environ. Chem. Lett., 2017, 15, 241-263.

C. |. Pearce, R. C. Moore, J. W. Morad, R. M. A
: %, 1 e WL » R. M. Asmussen, S. Chatterjee, A. R. L
E._II:EV;Itska!a, J. J. Neeway, N. P. Qafoku, M. J. Rigali, S. A. Saslom? J. E Szeczgzlyarr’l;r.
- Thallapally, G. Wang, V. L. Freedman, Sci. Total Environ., 2020, 716, 132849,

C. Bérner, Masterarbeit, Technische Universitst Dresden, 2023.
A. Al-Borno, M. B. Tomson, Geochim. Cosmochim. Acta, 1994, 58, 5373-5378.

6 J. M. McBeth, J. R. Lloyd, G. T. W. L i i i
L 2419_24,30_ -W. Law, F. R. Livens, I. T. Burke, K. Morris, Mineral.

P. Sengupta, J. Hazard. Mater., 2012, 235-236, 17-28.

8 M. R. Rafiuddin, G. Donato, S. McCaugh
, . ) O rt 1
B T e AT, L1 gherty, A. Mesbah, A. P. Grosvenor, ACS

9 R.Roldan, V. Barrén, J. Torrent, Clay Miner., 2002, 37, 709-718.

10 D. M. Rodriguez, N. Mayordomo, D. Schild, S i
. , N. , D. , S. Shams Ald
Mller, T. Stumpf, Chemosphere, 2021, 281, 130004 A B K

11 J. M. Zachara, S. M. Heald, B. H. Jeon
, S, M. ,B.H. . R. K. Kukkadapu, C. Liu, J. P i
Dohnalkova, D. A. Moore, Geochim. Cosmochinm. Acta.p2007, 71,, 213?f\_flgf;(ér1{|.tey, R

12 TecRad-group, https:/fwww.hzdr.de/db/Cms?pNid=1375, (accessed 4 June 2024)

Page 142 of 192



https://www-nds.iaea.org
https://www.hzdr.de/db/Cms?pNid=1375

&: EuChemS

European Chemical Society

NRC10: 10" INTERNATIONAL
CONFERENCE ON NUCLEAR
AND RADIOCHEMISTRY

Brighton, UK, 2024

Hosted by the: ™
¥ RSC INTEREST GROUP

o RADIOCHEMISTRY

ABSTRACTS:
POSTER PRESENTATIONS

PRINCIPAL SPONSORS

NUCLEAR SECURITY .-
AW/Z TECHNOLOGIES U aco b s

www.awe.co,uk www.jacobs.com



http://www.awe.co.uk
http://www.jacobs.com

