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Molecular structure of a chiral benzamidine complex of tetravalent uranium (structure image at the upper right) and their crystal
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(— pp- 18). An optical micrograph of single crystals of typical metal-organic complex of uranium is shown in the background.

(Graphical material provided by A. Ikeda-Ohno)

2 HZDR | Institute of Resource Ecology | Annual Report 2016



Preface

of the eight institutes of the Helmholtz-Zentrum Dres-

den—Rossendorf (HZDR). The research activities are
mainly integrated into the program “Nuclear Waste Man-
agement, Safety and Radiation Research (NUSAFE)” of the
Helmbholtz Association (HGF) and focused on the topics
“Safety of Nuclear Waste Disposal” and “Safety Research
for Nuclear Reactors”.

THE INSTITUTE OF RESOURCE ECOLOGY (IRE) IS ONE

Additionally, various activities have been started inves-
tigating chemical and environmental aspects of processing
and recycling of strategic metals, namely rare earth ele-
ments. These activities are located in the HGF program
“Energy Efficiency, Materials and Resources (EMR)”. Both
programs, and therefore all work which is done at IRE, be-
long to the research sector “Energy” of the HGF.

The research objectives are the protection of humans
and the environment from hazards caused by pollutants re-
sulting from technical processes that produce energy and
raw materials. Treating technology and ecology as a unity is
the major scientific challenge in assuring the safety of tech-
nical processes and gaining their public acceptance. We in-
vestigate the ecological risks exerted by radioactive and
non-radioactive metals in the context of nuclear waste dis-
posal, the production of energy in nuclear power plants and
in processes along the value chain of metalliferous raw ma-
terials. A common goal is to generate better understanding
about the dominating processes essential for metal mobiliza-
tion and immobilization on the molecular level by using ad-
vanced spectroscopic methods. This in turn enables us to
assess the macroscopic phenomena, including models, codes
and data for predictive calculations, which determine the
transport and distribution of contaminants in the environ-
ment.

The extraordinary broadness of research topics and ac-
tivities is illustrated below by some selected highlights:

In 2016, the upgrade program for the Rossendorf
Beamline at the ESRF in Grenoble successfully started with
high-resolution XANES and emission spectroscopy experi-
ments on a prototype single crystal spectrometer
(— pp- 27 & 30). This upgrade will proceed for another four
years until 2020, when a 5-crystal spectrometer, a 2D detec-
tor, and a new 6-circle diffractometer will be available in a
new hutch fully equipped and licensed as alpha laboratory.
The experimental capabilities of the beamline will then in-
clude high-resolution X-ray absorption and emission spec-
troscopy, resonant inelastic x-ray scattering in addition to
EXAFS, and a variety of surface, powder and single crystal
diffraction techniques (CTR, RAXR).

A new method accounting for spectral history effects
was developed and implemented in the in-house reactor dy-
namics code DYN3D. Detailed nuclide content can be cal-
culated for each region of the reactor core and used in com-
bination with a spectral index correction to determine the
actual fuel properties. The new method demonstrates excel-
lent results in various depletion scenarios and for different
fuel types (uranium, mixed oxide, thorium). For the first
time, DYN3D can correctly account for outage times of the
reactor.

In 2016, with the reconstruction of major parts of the
controlled area of the research site Leipzig still ongoing, the
production of short lived radionuclides and their subsequent
use in tracer studies was continued. Particularly, the results
of the uptake of radiolabeled [13 9Ce]CeO2 nano particles into
plants (— p. 56), as detected by autoradiography of sun-
flower leafs, are to be emphasized.

Rock salt is still in discussion to be used as a potential
host rock for a nuclear waste repository. Hbt. noricense
DSM 15987 can be seen as a reference strain for halophilic
microorganisms in rock salt due to its worldwide occur-
rence. By a combination of microscopic (SEM) and spectro-
scopic (EXAFS and TRLFS) methods it was shown for the
first time that Haloarchaea are able to form uranium phos-
phate minerals with a very low solubility (— p. 51).

Molecular mechanisms of metal transport across bio-
logical membranes underlay the transit of heavy metals
from the geo- to the biosphere. We have designed nanopar-
ticles of a bacterial heavy metal transporter within a nano-
sized membrane. Such particles hold not only great promise
for their planned use in XFEL-based structure determina-
tion. They also allowed measuring for the first time the di-
pole strength and mobility at a metal-binding site in the inte-
rior of a membrane protein (— p. 43). The data reveal de-
tails of the entry mechanism of ions with extended hydration
shells, such as heavy metals and actinides, into membrane
proteins and eventually into the cell.

Since the commencement of the f-element division in
June 2014, the local experimental capability for synthetic
chemistry of actinides has been developed steadily. The in-
frastructure required for the synthesis and characterization
of new actinide compounds was completed in 2016, which
already resulted in the successful synthesis of several new
actinide complexes (— pp. 17 & 18). Our research activities
in the relevant field will accelerate in the next few years.

The surface processes of the ternary sorption system
U(VI)/phosphate/SiO, were comprehensively investigated
by a combined approach applying classical batch sorption
experiments, in situ optical spectroscopy, and surface com-
plexation modeling. This provided a consistent description
of the relevant surface processes by considering a formation
of binary U(VI) surface complexes and a precipitate of a
U(VI) phosphate. Ternary surface complexes might become
significant only in a very low concentration range (< ppm).
This study represents a further progress in the fundamental
understanding of molecular processes at mineral interfaces
and the resultant contributions to techniques applied for
safety assessment (— p. 25).

Beside these highlights, we obtained many more new
scientific results in the past year, which are presented in this
annual report. This is also documented by 74 original papers
published in peer-reviewed international scientific journals.
In the year 2016 more than 130 scientists, technicians, and
students working on their Ph.D., diploma, master, or bache-
lor thesis, were employed at the Institute of Resource Ecol-
ogy. Thereof, 32 Ph.D. students worked at the institute in
2016. Support of young scientists is an important tool to en-
sure the competence and further scientific excellence in fu-
ture times. Moreover, the number of female scientists in a
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leadership position was enlarged at the Institute of Resource
Ecology by assigning three young colleagues as co- division
heads. As a result, four out of eight divisions are now man-
aged by female scientists.

Furthermore, the institute had the honor to host the 10"
International Biometals Conference in Dresden in July
2016. More than 100 scientists from 22 countries and 5 con-
tinents discussed about the coordination chemistry of radio-
nuclides, the metal acquisition and metal transport by mi-
crobes as well as their defense strategies.

I would like to thank the visitors, German and interna-
tional ones, for their interest in our research and for their
participation in the institute seminars. We would also like to
thank our scientific collaborators and the visiting scientists
for coming to Dresden — Rossendorf in 2016 to share their
knowledge and experience with us. We will continue to
strongly encourage the collaborations and visits by scientists

in the future. Special thanks are due to the executive board
of the HZDR, the Ministry of Science and Arts of the Free
State Saxony (SMWK), the Federal Ministry of Education
and Research (BMBF), the Federal Ministry of Economics
and Energy (BMWi), the Deutsche Forschungsgemeinschaft
(DFG), the European Commission, and other organizations
for their support.
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Prof. Dr. Thorsten Stumpf
Director of the
Institute of Resource Ecology
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