
 

 

MECC 2026 
12th Mid-European Clay Conference 

 

 
 

 
Switzerland · ETH Zurich 

6.9.-10.9.2026 

 

 

 



We thank our sponsors



Date: Sunday, 06/Sept/2026 
9:00am - 12:00pm Workshop: Advanced Rietveld Refinement and Clay Mineral Modeling with Profex 

Location: ETH HIL E15.2 
Session Chair: Nicola Döbelin, RMS Foundation Bettlach 
2nd Session Chair: Jan Dietel, Landeslabor Berlin-Brandenburg 
3rd Session Chair: Kristian Ufer, Bundesanstalt für Geowissenschaften und Rohstoffe (BGR) Hannover 
4th Session Chair: Reinhard Kleeberg, TU Bergakademie Freiberg, Mineralogical Institute 

ETH HIL E15.2 

12:00pm - 1:00pm Lunch break 
Location: ETH HIL E ETH HIL E 

1:00pm - 3:30pm Workshop cont.: Advanced Rietveld Refinement and Clay Mineral Modeling with 
Profex 
Location: ETH HIL E15.2 
Session Chair: Nicola Döbelin, RMS Foundation Bettlach 
2nd Session Chair: Jan Dietel, Landeslabor Berlin-Brandenburg 
3rd Session Chair: Kristian Ufer, Bundesanstalt für Geowissenschaften und Rohstoffe (BGR) Hannover 
4th Session Chair: Reinhard Kleeberg, TU Bergakademie Freiberg, Mineralogical Institute 

ETH HIL E15.2 

4:00pm - 7:00pm Ice breaker: Registration and Ice Breaker 
Location: ETH HG E 30.0065 Foyer (Nord) ETH HG E 30.0065 

Foyer (Nord) 
  

  



Date: Monday, 07/Sept/2026 
8:15am - 9:00am Registration 

Location: ETH HG E 30.0065 Foyer (Nord) ETH HG E 30.0065 
Foyer (Nord) 

9:00am - 9:30am Opening Ceremony 
Location: ETH HG E3 Room 1 ETH HG E3 Room 1 

9:30am - 10:15am Plenary 1: Dave Bish (Indiana University Bloomington) 
Location: ETH HG E3 Room 1 
Session Chair: Michael Plötze, ETH Zurich, IGT; mecc2026@dttg.org ETH HG E3 Room 1 

10:15am - 10:45am Coffee break and poster installation 
Location: ETH HG E 30.0065 Foyer (Nord) ETH HG E 30.0065 

Foyer (Nord) 
10:45am - 12:15pm Session 1B_1: Smectite, the ultimate clay mineral: structure, formation, properties, 

reactions and alterations 
Location: ETH HG E3 Room 1 
Session Chair: Karolina Rybka, Institute of Geological Sciences, Polish Academy of Sciences Warsaw 
2nd Session Chair: Arkadiusz Derkowski, Institute of Geological Sciences Polish Academy of Sciences Krakow 
3rd Session Chair: Zvonka Gveric, ISTerre Grenoble 
  

ETH HG E3 Room 1 

10:45am - 12:15pm Session 3A_1: Clay minerals in soils 
Location: ETH HG E1.2 Room 2 
Session Chair: Laura Schnee, Leibniz Universität Hannover 
2nd Session Chair: Leonard Böhm, Technische Universität Braunschweig 
3rd Session Chair: Urmi Ghosh, The James Hutton Institute Aberdeen 
4th Session Chair: Ines Mulder, Ruhr-Universität Bochum 
5th Session Chair: Ruben Kretzschmar, ETH Zürich 

ETH HG E1.2 Room 
2 

12:15pm - 1:30pm Lunch break 
Location: ETH HG E 30.0065 Foyer (Nord) ETH HG E 30.0065 

Foyer (Nord) 
1:30pm - 3:00pm Session 1B_2: Smectite, the ultimate clay mineral: structure, formation, properties, 

reactions, alterations and interactions with organic molecules 
Location: ETH HG E3 Room 1 
Session Chair: Karolina Rybka, Institute of Geological Sciences, Polish Academy of Sciences Warsaw 
2nd Session Chair: Arkadiusz Derkowski, Institute of Geological Sciences Polish Academy of Sciences Krakow 
3rd Session Chair: Zvonka Gveric, ISTerre Grenoble 
Smectite, the ultimate clay mineral: structure, formation, properties, reactions and alterations 
interactions between smectite and organic molecules, including the formation, stability, and environmental 
significance of organo-clay complexes 

ETH HG E3 Room 1 

1:30pm - 3:00pm Session 3A_2: Clay minerals in soils 
Location: ETH HG E1.2 Room 2 
Session Chair: Laura Schnee, Leibniz Universität Hannover 
2nd Session Chair: Leonard Böhm, Technische Universität Braunschweig 
3rd Session Chair: Urmi Ghosh, The James Hutton Institute Aberdeen 
4th Session Chair: Ines Mulder, Ruhr-Universität Bochum 
5th Session Chair: Ruben Kretzschmar, ETH Zürich 

ETH HG E1.2 Room 
2 

3:00pm - 3:30pm Coffee break and poster installation 
Location: ETH HG E 30.0065 Foyer (Nord) ETH HG E 30.0065 

Foyer (Nord) 
3:30pm - 4:30pm Session 1A: Advances in structural and compositional determinations of clay 

minerals 
Location: ETH HG E3 Room 1 
Session Chair: Jan Dietel, Landeslabor Berlin-Brandenburg 
2nd Session Chair: Kristian Ufer, Bundesanstalt für Geowissenschaften und Rohstoffe (BGR) Hannover 
3rd Session Chair: Laurence Warr, University of Greifswald 

ETH HG E3 Room 1 

3:30pm - 4:30pm Session 7: Clay materials for biomedical applications and in natural cosmetics 
Location: ETH HG E1.2 Room 2 
Session Chair: Huaming Yang, China University of Geosciences (Wuhan) 
2nd Session Chair: Anna Czarnecka-Skwarek, University of Warsaw 

ETH HG E1.2 Room 
2 

4:40pm - 6:00pm Poster 1: Poster 
Location: ETH HG E 30.0065 Foyer (Nord) ETH HG E 30.0065 

Foyer (Nord) 
4:40pm - 6:00pm Poster 2: Poster 

Location: ETH HG EO 30.0065 Foyer (Nord) ETH HG EO 30.0065 
Foyer (Nord) 

7:00pm - 9:00pm ECCS meeting    
7:00pm - 9:00pm MECC Council Meeting    



Date: Tuesday, 08/Sept/2026 
8:30am - 9:15am Registration 

Location: ETH HG E 30.0065 Foyer (Nord) ETH HG E 30.0065 
Foyer (Nord) 

9:15am - 10:00am Plenary 2: Bruno Lanson (University Grenoble Alpes, CNRS) 
Location: ETH HG E3 Room 1 
Session Chair: Michael Plötze, ETH Zurich, IGT; mecc2026@dttg.org ETH HG E3 Room 1 

10:00am - 10:30am Coffee break 
Location: ETH HG E 30.0065 Foyer (Nord) ETH HG E 30.0065 

Foyer (Nord) 
10:30am - 12:00pm Session 2A: Geology and geochemistry of clays and clay deposits 

Location: ETH HG E3 Room 1 
Session Chair: H. Albert Gilg, Technical University of Munich 
2nd Session Chair: Nadine Döbelin, Karlsruhe Institute of Technology 
3rd Session Chair: Peter Uhlík, Comenius University Bratislava 

ETH HG E3 Room 1 

10:30am - 12:00pm Session 4A: Chemical reactions at the clay mineral-water interface 
Location: ETH HG E1.2 Room 2 
Session Chair: Anke Neumann, PSI Paul Scherrer Institut Villigen 
2nd Session Chair: Emmanuel Tertre, IC2MP, CNRS-Université de Poitiers 
3rd Session Chair: Thorsten Schäfer, Friedrich-Schiller-Universität Jena 

ETH HG E1.2 Room 
2 

12:00pm - 1:30pm Lunch 
Location: ETH HG E 30.0065 Foyer (Nord) ETH HG E 30.0065 

Foyer (Nord) 
1:30pm - 3:00pm Session 2B: Stable and radiogenic isotopes in clay minerals: from structural 

considerations to paleoenvironmental and geochronological applications. 
Location: ETH HG E3 Room 1 
Session Chair: Artur Kuligiewicz, Institute of Geological Sciences, Polish Academy of Sciences Warsaw 
2nd Session Chair: Arkadiusz Derkowski, Institute of Geological Sciences Polish Academy of Sciences Krakow 

ETH HG E3 Room 1 

1:30pm - 3:00pm Session 4B: Atomistic simulations of transport in clay minerals 
Location: ETH HG E1.2 Room 2 
Session Chair: Sergey Churakov, Paul Scherrer Institute 
2nd Session Chair: Michelle Ernst, University of Bern 

ETH HG E1.2 Room 
2 

3:00pm - 3:30pm Coffee break 
Location: ETH HG E 30.0065 Foyer (Nord) ETH HG E 30.0065 

Foyer (Nord) 
3:30pm - 4:00pm Jasmund Award: Nadine Döbelin (KIT Germany) 

Location: ETH HG E3 Room 1 
Session Chair: Michael Plötze, ETH Zurich, IGT; mecc2026@dttg.org ETH HG E3 Room 1 

4:00pm - 5:40pm Session 5A: Clays in geotechnical and geoenvironmental applications 
Location: ETH HG E3 Room 1 
Session Chair: Wolfgang Lieske, Technische Hochschule Georg Agricola Bochum 
2nd Session Chair: Natascha Kallerhoff, Ruhr-Universität Bochum 

ETH HG E3 Room 1 

4:00pm - 5:40pm Session 5B: Why Claystones and Mudstones Work: Properties Supporting Nuclear 
Waste Containment 
Location: ETH HG E1.2 Room 2 
Session Chair: Anja Schleicher, GFZ Helmholtz Centre for Geosciences Potsdam 
2nd Session Chair: Saeid Sadeghnejad, Friedrich Schiller University Jena 
3rd Session Chair: Georg Grathoff, University of Greifswald 

ETH HG E1.2 Room 
2 

7:00pm - 11:00pm Conference Dinner 
Location: Restaurant "Die Waid" 
Restaurant "Die Waid"; Bus station Zürich Waidbadstrasse 

Restaurant "Die 
Waid" 

  



Date: Wednesday, 09/Sept/2026 
8:00am - 5:00pm Fieldtrip 1: Dinosaurs and clay pit "Gruhalde" (Frick, Aargau) 

Session Chair: H. Albert Gilg, Technical University of Munich 
Late Triassic to Lower Jurassic terrestrial and marine clay-rich sediments and a major 
find spot for large Triassic dinosaurs. Includes a visit to the dinosaur museum Frick. 
8:00 Meeting at SBB meeting point close to the large watch in the main hall of Zurich Main Station 

   

9:00am - 5:00pm Fieldtrip 2: Visit to the Mont Terri Rock Laboratory 
Session Chair: Katja Emmerich, Karlsruhe Institute of Technology, IMB/MPA/CMM 
Guided tour and insights into the world-renowned underground research laboratory for 
geological and environmental studies. 
8:45 Meeting Car parking below Polyterrasse of ETH HG Main building Floor C (Leonhardtstrasse 33) 

   

7:00pm - 9:00pm General assemblies of MECC Societies    
  



Date: Thursday, 10/Sept/2026 
8:30am - 9:00am Lagaly Award: Eric Ferrage (Université de Poitiers, CNRS) 

Location: ETH HG E3 Room 1 
Session Chair: Michael Plötze, ETH Zurich, IGT; mecc2026@dttg.org ETH HG E3 Room 1 

9:00am - 10:30am Session 6_1: Industrial Application of Clays 
Location: ETH HG E3 Room 1 
2nd Session Chair: Matthias Schellhorn, Stephan Schmidt KG Dornburg 
3rd Session Chair: Coralie Brumaud, ETH Zurich 
4th Session Chair: Guillaume Habert, ETH Zurich 
5th Session Chair: Matthias Maier, Fraunhofer-Institut für Bauphysik IBP Valley 
6th Session Chair: Christoph Piribauer, Stephan Schmidt KG Dornburg 

ETH HG E3 Room 1 

9:00am - 10:30am Session 5C_1: Bentonites in engineered barrier systems - RadWaste applications 
Location: ETH HG E1.2 Room 2 
Session Chair: Stephan Kaufhold, BGR Hannover 
2nd Session Chair: Nadine Döbelin, Karlsruhe Institute of Technology 

ETH HG E1.2 Room 
2 

10:30am - 11:00am Coffee break 
Location: ETH HG E 30.0065 Foyer (Nord) ETH HG E 30.0065 

Foyer (Nord) 
11:00am - 12:00pm Session 6_2: Industrial Application of Clays 

Location: ETH HG E3 Room 1 
2nd Session Chair: Matthias Schellhorn, Stephan Schmidt KG Dornburg 
3rd Session Chair: Coralie Brumaud, ETH Zurich 
4th Session Chair: Guillaume Habert, ETH Zurich 
5th Session Chair: Matthias Maier, Fraunhofer-Institut für Bauphysik IBP Valley 
6th Session Chair: Christoph Piribauer, Stephan Schmidt KG Dornburg 

ETH HG E3 Room 1 

11:00am - 12:00pm Session 5C_2: Bentonites in engineered barrier systems - RadWaste applications 
Location: ETH HG E1.2 Room 2 
Session Chair: Stephan Kaufhold, BGR Hannover 
2nd Session Chair: Nadine Döbelin, Karlsruhe Institute of Technology 

ETH HG E1.2 Room 
2 

12:00pm - 1:00pm Lunch break 
Location: ETH HG E 30.0065 Foyer (Nord) ETH HG E 30.0065 

Foyer (Nord) 
1:00pm - 2:30pm Session 6_3: Industrial Application of Clays 

Location: ETH HG E3 Room 1 
2nd Session Chair: Matthias Schellhorn, Stephan Schmidt KG Dornburg 
3rd Session Chair: Coralie Brumaud, ETH Zurich 
4th Session Chair: Guillaume Habert, ETH Zurich 
5th Session Chair: Matthias Maier, Fraunhofer-Institut für Bauphysik IBP Valley 
6th Session Chair: Christoph Piribauer, Stephan Schmidt KG Dornburg 

ETH HG E3 Room 1 

1:00pm - 2:30pm 5C_3: Bentonites in engineered barrier systems - RadWaste applications 
Location: ETH HG E1.2 Room 2 
Session Chair: Stephan Kaufhold, BGR Hannover 
2nd Session Chair: Nadine Döbelin, Karlsruhe Institute of Technology 

ETH HG E1.2 Room 
2 

2:30pm - 2:45pm Coffee break 
Location: ETH HG E 30.0065 Foyer (Nord) ETH HG E 30.0065 

Foyer (Nord) 
2:45pm - 4:00pm Closing 

Location: ETH HG E3 Room 1 ETH HG E3 Room 1 
  

  



Presentations 
 

Plenary 1: Dave Bish (Indiana University Bloomington) 
Time: Monday, 07/Sept/2026: 9:30am - 10:15am  ·  Location: ETH HG E3 Room 1 

Session Chair: Michael Plötze, ETH Zurich, IGT 
 

“Water” In Hydrous Minerals Is Not Really Water 
David Bish 

Indiana University, Department of Chemistry, Bloomington, United States of America; BISH@IU.EDU 
The dictionary defines water as (among other things) a liquid oxide of hydrogen that freezes at 0° C and boils at 100° C. Minerals 
containing H2O are common, including smectites, zeolites, gypsum, epsomite, and many others. Unfortunately, the H2O in 
minerals is commonly referred to as water, but using the term “water” is misleading and implies that H2O molecules in minerals 
have liquid-like properties. The properties of H2O in some minerals can approach the properties of liquid water, but such H2O is 
very loosely associated with the structure. In general, the properties of H2O in most mineral structures are quite distinct from 
those of water or ice. Whereas H2O molecules in water are hydrogen bonded together and are mobile, H2O molecules in minerals 
typically bond with cations and/or framework or layer oxygens, and H2O-H2O interactions are important only in minerals with open 
structures (e.g., the interlayers of some 2:1 phyllosilicates, some zeolites). H2O molecules in smectites and zeolites can have a 
range of bonding interactions, whereas H2O molecules in, e.g., gypsum or kieserite have only H-O(sulfate) and (H2)O-cation 
interactions. Many minerals are thus considered to contain different types of H2O, a reflection of the different bonding 
environments around each H2O molecule. These different bonding configurations produce very different H2O properties, 
commonly studied by calorimetry and thermal analysis. In thermal tests, only the first H2O molecules to evolve from open-structure 
minerals (e.g., smectites and zeolites) are close to liquid water in properties. Whereas liquid water vaporizes at ~100ºC at 100 
kPa, H2O in many minerals can persist to temperatures well above 100ºC (e.g., >250ºC in natrolite, >350ºC in kieserite). Additional 
evidence of the distinction between liquid water and H2O in minerals is seen in the enthalpy of vaporization. The value for water 
is ~40.7 kJ/mol H2O, whereas values for many hydrous minerals range above 120 kJ/mol. Values for smectites range from ~45 
kJ/mol H2O to >70 kJ/mol. It is crucial to recognize in any thermal study that if a mineral exhibits step-wise or multi-stage 
dehydration, evolution of any H2O molecules will modify the bonding configuration and energetics of the remaining H2O molecules. 
This makes it difficult to obtain an accurate understanding of H2O bonding configurations in the fully hydrated state using 
thermoanalytical methods. 
These differences in H2O properties in hydrous minerals have profound implications for the behavior of these minerals at elevated 
temperatures and in low relative-humidity environments, and they indicate that smectites and zeolites can remain in a hydrated 
state on the surface of Mars. For example, interactions between H2O, the silicate sheet, and interlayer (IL) cations determine the 
nature of expansion (IL cation hydration) and contraction (layer-layer and layer-IL cation interactions) in smectites. Calculations 
using available thermodynamic data suggest that Na-smectites can remain hydrated in the martian subsurface. It is particularly 
interesting that Ca-smectites may remain hydrated on the martian surface, participate in the diurnal H2O cycle, and act as near-
surface reservoirs of H2O. Similar thermodynamic data are available for several zeolites, and calculations illustrate that 
clinoptilolite and chabazite, two common zeolite minerals, will likely be hydrated if they exist on the surface/subsurface of Mars. 
Although the most loosely held H2O molecules in zeolite structures will be absent on the martian surface, more strongly held H2O 
molecules will participate in the diurnal H2O cycle, and the zeolites can act as reservoirs of H2O. 
These details of H2O in minerals can also have important implications for terrestrial applications. The large differences in enthalpy 
of vaporization between H2O in minerals and liquid water mean that it is imperative to consider the specific thermodynamic values 
in any computations in thermal modeling of geologic bodies. For example, thermal simulations of a heated body of zeolite-rich 
tuff (pertinent to Yucca Mountain, Nevada) show that ignoring these differences causes an overestimation of peak temperatures 
>100°C. 
The fact that H2O in minerals is NOT water also means that H2O in minerals does NOT evolve at 100ºC. It is crucial to remember 
that H2O in minerals is not a passive participant in mineral structures. For example, hydration of extraframework cations in zeolite 
structures can give they hydrated zeolite true thermodynamic stability. 

 
  



Session 1B_1: Smectite, the ultimate clay mineral: structure, formation, 
properties, reactions and alterations 

Time: Monday, 07/Sept/2026: 10:45am - 12:15pm  ·  Location: ETH HG E3 Room 1 
Session Chair: Karolina Rybka, Institute of Geological Sciences, Polish Academy of Sciences Warsaw 

2nd Session Chair: Arkadiusz Derkowski, Institute of Geological Sciences Polish Academy of Sciences Krakow 
3rd Session Chair: Zvonka Gveric, ISTerre Grenoble 

  
10:45am - 11:05am 

Spontaneous layer charge reduction of natural bentonite 
Georgios D. Chryssikos, Eirini Siranidi, Constantinos Tsiantos 

Theoretical and Physical Chemistry Institute, National Hellenic Research Foundation, Athens, Greece; gdchryss@eie.gr 
Near-infrared (NIR) spectroscopy is a non-invasive and high-throughput spectroscopic technique suitable for investigating clays 
by means of the vibrational spectrum of H2O and structural OH. After studying raw bentonites by NIR for years, it became clear 
that some untreated samples undergo a spontaneous decrease of their layer charge (LC) by as much as 10% over a period of 
months or years in storage. 
This is an account of the steps that led to this unexpected discovery. 
Two strong and sharp combination modes are ubiquitous in the NIR spectra of dioctahedral smectite, (ν+δ)ΟΗ and (ν+δ)H2O 
reporting from the layer and the interlayer, respectively. In a global collection of ~1000 bentonites, the positions of the two proxy 
bands are linearly related and decreasing upon increasing LC. The trend was explored in depth by studying ~130 non-purified 
bentonites from Milos, all collected in early 2000 (Deligianni et al. 2014). 
The promising link between the position of (ν+δ)H2O and LC inspired the systematic investigation of νH2O as a proxy for LC. H/D 
exchange was chosen to isolate νH2O from the overlapping νAlAlOH mode. The linear relationship between a sharp dangling 
bond stretch of interlayer D2O and LC was validated to yield a spectroscopic method for measuring LC as an intensive property 
of the smectite. The so-called νΟD method is cation- (Ca2+, Mg2+, Na+, Li+) and charge location-independent. It is precise, accurate 
and efficient, provided that the interlayer is accessible to D2O (Kuligiewicz et al. 2015). 
In 2016, the LC of the bentonite sample set (by then in storage for 16 years) was determined for the first time by the νOD method 
and a matching set of NIR spectra was collected. LC was in the range 0.37-0.54±0.02 e/huc and found to correlate with NIR in 
more than one ways: The direct measurement of (ν+δ)H2O of clays with natural interlayer cations at ambient conditions yielded 
LC with σ=0.01 e/huc. A PLS chemometric methodology, desensitized for the nature of interlayer cations, performed equally well. 
It was demonstrated that the νOD method for measuring LC was transferrable to the NIR at least for the Milos samples without 
loss of accuracy (Tsiantos et al. 2018). 
The new NIR-based tools could now be applied to an early set of NIR data from the same samples. These spectra were acquired 
in late 2000, i.e. 6-10 months after sample collection. It was found that the NIR spectra of about half of the samples had evolved 
over the period of the 16 years in storage, whereas the remaining half was completely unchanged. Spectral changes involved 
the blue-shift of both (ν+δ)ΟΗ and (ν+δ)H2O by up to 4 cm-1 and pointed to a decrease of LC with time by up to ΔLC=-0.05 e/huc. 
The LC reduction process was already complete when it was discovered. As there were no NIR data immediately after sample 
collection, the total ΔLC of a freshly exposed sample may have been even larger. 
The magnitude of ΔLC was independent of LC and not related to interlayer cations (natural and activated samples showed 
identical behavior). Stable samples had relatively high Fe3+ for Al3+ substitution, sufficient to form Fe3+Fe3+OH structural OH. 
Unstable samples displayed a strong and broad band tail towards the visible, possibly due to Fe2+, which was decreasing with 
time. 
Although the data are insufficient for a full characterization of the LC reduction mechanism, it is speculated that the unstable clays 
contained Fe2+ in their octahedral sheet because they had formed in suboxic or anoxic conditions. Upon exposure to oxidizing 
conditions, Fe2+ would convert to Fe3+, causing the decrease of LC (Christidis, 2008). The process was slow enough to be 
captured accidentally over a period of months or years. 
Arek Derkowski and Artur Kuligiewicz are thanked for sharing their insight and knowledge 
Christidis G.E. (2008) Do bentonites have contradictory characteristics? An attempt to answer unanswered questions. Clay Miner. 
43, 515-529. 
Deligianni A. et al. (2014) Systematics of bentonite by NIR spectroscopy, 51st CMS Annual Meeting. 
Kuligiewicz A. et al. (2015) Measuring the layer charge of dioctahedral smectite by OD vibrational spectroscopy, Clays Clay 
Miner. 63, 443-456. 
Tsiantos C. et al. (2018) Smectite in bentonite: NIR systematics and estimation of layer charge. Appl. Clay Sci., 160, 81-87. 

 
11:05am - 11:25am 

Smectite hydration state under coupled temperature and relative humidity conditions 
Karolina Rybka1, Arkadiusz Derkowski1, Michał Skiba2, Magdalena Stępak3, Beata Nowicka3 

1: Institute of Geological Sciences, Polish Academy of Sciences, Poland; 2: Institute of Geological Sciences, Faculty of 
Geography and Geology, Jagiellonian University in Krakow, Poland; 3: Faculty of Chemistry, Jagiellonian University in Kraków, 

Poland; ndrybka@cyf-kr.edu.pl 
Smectite water retention reflects thermodynamic equilibria among the interlayer, external surface, and interparticle water. The 
proportion of interlayer versus non-interlayer water is a consequence of the stability of a given hydration state, which is governed 
by the interplay between the interlayer cation hydration free energy and the chemical potential of water vapour. Although relative 
humidity (RH) is conventionally treated as the primary control variable, temperature (T) exerts an independent thermodynamic 
influence on hydration state stability that remains poorly constrained. Quantifying the coupled T–RH dependence of water location 
is essential to model hydration states in smectites and, therefore, to predict the swelling behavior in clay-rich systems, including 
applications to deep geological repositories and reactive transport modelling. 



To address this, water sorption isotherms representing total adsorbed water were collected by Dynamic Vapor Sorption (DVS) 
and interlayer spacings (d00l) were determined by X-ray powder diffraction (XRD) within the range of T = 5–65 °C and RH = 0–
97%. Four homoionic forms of SCa-3 ("Otay") smectite saturated with K+, Na⁺, Ca²⁺, and Mg²⁺ were examined, spanning a broad 
spectrum of natural interlayer cation compositions and their hydration enthalpies. 
The total adsorbed water content increased with RH and decreased with T at given RH. It ranked as Mg²⁺ > Ca²⁺ > Na⁺ > K⁺, 
consistent with the respective cation hydration enthalpies governing the interlayer and surface hydration. Adsorption/desorption 
hysteresis loops, reflecting kinetic or thermodynamic barriers between hydration states, were systematically reduced at elevated 
T, and significantly diminished above 35 °C for Ca²⁺- and Mg²⁺-exchanged samples while persisting in K⁺ and Na+-exchanged 
material. The basal spacings registered with XRD at the same RH, scaled linearly with water content independently of T, indicating 
interlayer expansion reciprocal to T. These results establish a thermodynamic equivalence between decreasing water activity 
and increasing temperature as agents of interlayer dehydration. This behavior cannot be reproduced by RH-only isotherm 
frameworks and necessitates fully coupled T–RH thermodynamic models for accurate description of smectite hydration state 
equilibria. The thermodynamic parameters calculated on the basis of isotherm data indicated that the water–smectite interaction 
depended on the degree of water saturation (e.g. the enthalpy and entropy decreased with increasing water content, in contrast 
to Gibbs free energy), as well as on the type of interlayer cation (stronger interactions in the case of divalent cations, which have 
a higher hydration enthalpy). 
Acknowledgements: The project is financed by the Ministry of Science and Higher Education (Poland) under the "Science for 
Society II" Program. 

 
11:25am - 11:45am 

In-situ Near Infrared study of rehydration in smectites 
Eirini Siranidi1, Karolina Rybka2, Arkadiusz Derkowski2, Georgios D. Chryssikos1 

1: National Hellenic Research Foundation, Theoretical and Physical Chemistry Institute, 11635 Athens, Greece; 2: Institute of 
Geological Sciences, Polish Academy of Sciences, ul. Senacka 1, 31-002 Kraków, Poland; esiranidi@eie.gr 

Smectites’ hydration behavior at ambient pressure depends on temperature, relative humidity (RH), the type of cation and the 
layer charge (LC) (Derkowski and Kuligiewicz, 2022, Bizovská, et al., 2016, Komadel et al., 2002). Common dioctahedral smectite 
(eq. montmorillonite), which forms bentonite rocks, are supposed to rehydrate after drying, however, the rehydration can be 
limited (Rybka et al., 2025). This study aims at examining by in-situ vibrational spectroscopy the cation dependence of the 
rehydration process of smectites subjected to dehydration at different temperatures. 
Homoionic (Na+, Ca2+, and Mg2+) portions of the CMS reference SCa-3 montmorillonites were subjected to initial equilibration at 
40 °C and 30% RH, then dehydration (100 and 200 °C) for 2h and subsequent rehydration for 3h at 40 °C and 30% RH. Near-
Infrared (NIR) spectroscopy was used to monitor the evolution of lattice vibrations in real time. NIR spectra were collected using 
a Fourier-transform spectrometer fitted with a diffuse-reflectance fiber-optic powder probe. Temperature was controlled with a 
heating stage, adapted to fit the NIR powder probe (Bukas et al., 2013). Relative humidity within the sample chamber was 
provided by a custom-built humidity N₂ gas generator. 
Rehydration was monitored by the integrated intensity of the (ν+δ)Η2Ο envelope, assuming constant extinction coefficients. H2O 
adsorbed on the surface of the layers was monitored independently through the 2nd derivative amplitude of the (ν+δ) H2O band 
envelope at ~5250 cm-1. The exact position of the latter at ambient conditions has been correlated with the layer charge (Tsiantos 
et al., 2018). Layer deformations upon drying and their recovery upon rehydration were studied by the evolution of the structural 
hydroxyl combination envelope, (ν + δ)OH, at ~ 4500 cm-1. 
During rehydration, the above three NIR indicators exhibit different rates of recovery towards the initial state indicating rapid 
surface and slower bulk hydration. For samples heated to 200 oC, the % recovery at the end of the 3h rehydration process was 
also cation-dependent. 
When the interlayer of smectites is hydrated, the effect of the interlayer cation on the layer structure is negligible. Upon 
dehydration, the (ν + δ)OH region exhibited pronounced changes, including a high-frequency shift and broadening of the ~4520 
cm⁻¹ AlAlOH mode, along with the appearance of one or two new, sharp lower-frequency features at positions dependent on the 
interlayer cation type. In most cases, these changes were fully reversible upon rehydration, except for Mg-SCa-3 dehydrated at 
200 °C (Mg-200) and Na-200 which remained partially distorted at the end of the rehydration process. 
Layer recovery upon rehydration was quantified by fitting all (ν+δ)OH time series spectra by a linear combination of the 
corresponding equilibrated and dry end-members. No systematic deviations from additivity were observed suggesting that the 
spectra and therefore the structure of the recovering layers are sufficiently described by this simple two-state model throughout 
the process (R2≥0.98). Thus, the rehydrating material is described in terms of unrelaxed and fully relaxed layers, hence dried and 
initially equilibrated interlayers, in time-dependent proportions. At the end of the 3h rehydration process all samples showed 
recovery >90%, except Mg- and Na-200 (~75%). 
For three samples, the apparent maximum of the (ν+δ) H2O band envelope at ~5250 cm-1 remained shifted toward higher 
wavenumbers after 3h-rehydration: Mg-200 > Ca-200 > Mg-100, whereas all the others showed full recovery. These shifts are 
interpreted as resulting from the (temporary or permanent) reduction of LC by 0.10, 0.05 and 0.03 e/huc, respectively. 
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Organo-clay complexes control the preservation and transport of organic matter. Understanding the mechanisms governing the 
formation and stability of organo-clay complexes remains a fundamental challenge. Ethylene glycol (EG) intercalation provides a 
model system for investigating organic compound-clay mineral interactions because EG readily enters smectite interlayers and 
forms well-characterized organo-clay complexes. The effects of layer charge magnitude and location, and interlayer cations on 
EG-clay structure are well documented but the mechanisms controlling EG intercalation and retention remain poorly constrained. 
We investigated these mechanisms by progressively increasing water activity and monitoring the displacement of EG from the 
interlayers. First, we saturated synthetic smectites and vermiculites in EG vapours and monitored their layer-to-layer distance 
during controlled relative humidity (RH) cycling between 5 and 90% RH using an automated humidity chamber coupled to X-ray 
diffraction instrument. We conducted several experiments using oriented slides immersed in liquid EG to evaluate EG loss under 
conditions of continuous EG supply. Four synthetic clay minerals were investigated: saponites with layer charges of 0.8 and 1.4 
per unit cell and hectorites with layer charges of 0.8 and 1.6 per unit cell. Each was initially made homoionic through saturation 
with Na+, K+, Mg2+ and Ca2+. 
The results show that EG loss is a progressive and humidity-dependent process whose magnitude depends strongly on cation 
identity and, most importantly, charge location. Most EG-saturated samples, including all low-charge smectites and the high-
charge hectorite, exhibited initial layer-to-layer distance of 16.7-16.9 Å at RH=5%, characteristic of fully glycolated interlayers. In 
contrast, the high-charge saponite exhibited lower initial distances of 16.2 Å (Ca), 15.9 Å (Mg), 14.4 Å (Na), and 12.1 Å (K) 
suggesting only partial interlayer glycolation compared to high-charge hectorite. 
During RH cycling, the two smectites lost EG gradually but retained measurable amounts even after the end of the adsorption-
desorption cycle. The two vermiculites displayed markedly different behavior despite their similar charge magnitudes. The high-
charge saponite underwent rapid EG loss, with Mg-saponite losing essentially all EG by 30% RH, and Na- and K-saponites 
similarly showed extensive EG loss at 10% RH. In contrast, the high-charge hectorite retained most EG throughout the 
experiment. Na-hectorite remained fully glycolated until ~40% RH, while Ca-hectorite showed the highest resistance to EG loss, 
with significant EG still present after the full RH cycle. The EG loss was not observed when a continuous EG reservoir was 
maintained demonstrating that EG loss reflects a competition between water and EG rather than interlayer collapse. The 
contrasting behavior of high-charge saponite and hectorite shows that charge location exerts a stronger control on EG loss than 
the charge magnitude alone. 
More broadly, these results demonstrate that the persistence of organo-clay complexes cannot be predicted from layer charge 
alone. Instead, it is governed by competition between organic molecules, water, exchangeable cations and clay surfaces. Such 
processes are likely to influence the environmental stability of organic matter and other organic-clay associations in soils and 
sediments, where fluctuating moisture continuously modifies interlayer environments. 
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Al-hydroxy-interlayered smectites (Al-HIS) are a special type of smectite that occurs in acidic soils [1]. Although many studies 
have investigated the formation, occurrence, and properties of Al-HIS, several challenges remain. One major challenge is 
identifying the exact conditions under which Al-HIS forms. In this study, stability and solubility experiments were conducted on 
Al-HIS, and a solubility constant (log Ksp) was calculated and compared with thermodynamic estimations. Preliminary results 
indicate that Al-HIS forms mainly due to kinetic effects: gibbsite (Al(OH)₃), which is the thermodynamically favoured phase, 
precipitates more slowly than Al-HIS forms. Over time, however, gibbsite develops from the interlayer Al-hydroxide. Nevertheless, 
the obtained data represent a first step toward numerically predicting Al-HIS formation and dissolution, as the Al/pH conditions 
can now be more precisely constrained. 
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Vertisols are clay-rich (sub)tropical soils characterized by high abundances of smectites and other reactive pedogenic minerals. 
However, tropical Vertisols often contain surprisingly low organic carbon contents, frequently below 1 wt.%. This raises questions 
about how mineral assemblages in these soils drive dissolved organic carbon (DOC) sorption. In floodplain environments, redox 
fluctuations may yield distinct mineralogical assemblages that influence both the capacity and mechanisms of DOC retention. 
The contrasting sorptive properties of smectitic clay minerals, kaolinite, and pedogenic Fe oxides suggest that DOC sorption in 
Vertisols depends more strongly on mineralogical composition than on clay content alone. We hypothesized that DOC sorption 
capacities increase with increasing smectite content, owing to large reactive surface areas, whereas more kaolinite- and Fe oxide-
rich Vertisols show a greater affinity for organic compounds due to surface properties favoring ligand-exchange reactions. To 
assess these relationships, we investigated Vertisol topsoil samples (<63 µm) from seven sites in northern Cameroon differing in 
flooding regime, parent material, and pedogenic mineral composition. The mineralogy of the samples was determined by 
quantitative X-ray diffraction using the Rietveld method and X-ray fluorescence spectrometry. To quantify pedogenic Fe oxides, 
short-range ordered Fe oxides, and alkali-soluble Al and Si, selective chemical extractions were performed using, respectively, 
dithionite-citrate-bicarbonate (DCB), acid ammonium oxalate (AAO), and NaOH. In addition, specific surface area and porosity 
were determined by N2 gas adsorption at 77 K. The DOC sorption behavior of the samples was evaluated by 24-h batch 
experiments using well characterized dissolved organic matter derived from beech litter (10‒200 mg L-1 DOC), a solid 
concentration of 5 g L-1, and 0.01 M CaCl2 background electrolyte. The sorption data were modelled with a modified Langmuir 
equation to derive maximum sorption capacities (qmax) and affinity constants (KL). We found that smectite and kaolinite contents 
varied between 12–30 and 26–53 wt.% of crystalline phases, respectively. The FeDCB/clay mineral ratio (w/w) ranged between 
0.01–0.05 and the smectite/clay mineral ratio (w/w) between 0.25‒0.49. Initial soil organic carbon contents were low (4.5–12.4 
mg g-1) and appeared to increase with total Fe oxide content (FeDCB) and the ratio of smectite to short-range ordered Fe oxides 
(FeAAO). Specific surface areas ranged from 9 to 58 m2 g-1, indicating substantial variation in mineral surface availability. DOC 
sorption increased non-linearly with initial DOC concentration and approached near saturation at the highest DOC concentrations. 
Although no single mineral phase exhibited a clear positive effect on DOC sorption capacity, mineralogical ratios and interactions 
revealed distinct trends. High smectite to Fe ratios were associated with high DOC sorption capacities, with qmax values of up to 
62.8 ± 8.5 mg g⁻¹, whereas low smectite to Fe ratios corresponded to lower qmax values down to 33.9 ± 5.5 mg g⁻¹. In contrast, 
the Langmuir affinity constant KL showed an inverse relationship with phyllosilicate composition, as high smectite to phyllosilicate 
clay ratios were associated with lower KL values (1.3 ± 0.3 × 10-2 vs. 5.0 ± 1.2 × 10-2 g mg-1). Our results also showed a significant 
decrease in DOC sorption capacity with increasing contents of reducible Fe contained in Fe oxides and phyllosilicates (FeDCB). 
This pattern reflects the contrast between systems that are relatively rich in smectites and characterized by high DOC sorption 
capacities and assemblages that are relatively rich in kaolinite and Fe oxides and thus exhibit higher DOC sorption affinities. 
Collectively, our findings indicate that DOC sorption in Vertisols from northern Cameroon is governed by distinct mineralogical 
assemblages arising from different parent materials, soil weathering stages, and flooding regimes. 
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Inorganic X-ray amorphous materials (iXAMs) are important soil components that influence soil environmental processes. 
However, they are analytically difficult to quantify and characterize. Until now, information on the abundance and chemical 
composition of iXAMs in temperate climate regions has been largely lacking. Therefore, iXAMs in bulk soil horizons (<2 mm) and 
in five particle-size fractions (<0.2–2000 µm) of four Central European soils (Cambisol, Podzol, Chernozem, and Stagnosol) were 
quantified using Rietveld analysis of powder X-ray diffraction (PXRD) data and the internal standard method. The chemical 
composition of iXAMs in the samples was determined by the balance sheet method (BSM) based on PXRD and X-ray 
fluorescence spectrometry analyses. In addition, the extractability of soil iXAMs using wet-chemical extractions (0.2 M acid 
ammonium oxalate, 0.1 M Tiron, and 0.2 M NaOH) was tested; selected fine clay fractions (<0.2 µm) were examined by 
transmission electron microscopy; and the specific surface area (SSA) and total nanoporosity (Ø <~300 nm) of all samples were 
measured using N2 gas adsorption at 77 K. The Rietveld-derived iXAM contents ranged from 8 to 16 wt.% in bulk soils and from 
5 to 54 wt.% in particle-size fractions. These data were remarkably similar to iXAM contents reported for soils of tropical or 
(sub)arctic regions, regardless of iXAM composition. Inorganic XAMs contributed 46–100 % to the total mass of X-ray amorphous 
materials (organic and inorganic) detectable by PXRD and accounted for a higher proportion of X-ray amorphous materials in 
organic matter-poor subsoil horizons. In addition, iXAMs were more enriched in soil horizons affected by the illuviation of Al and 
Fe, organic matter, or clay, as well as by oxidation after seasonal waterlogging. Chemically, iXAMs were mainly composed of Al, 
Fe, Si, and loss on ignition. Generally, Si contents decreased with decreasing particle size while Al, Fe, and LOI contents followed 
an opposite trend, suggesting a more diverse iXAM composition in smaller size fractions. Due to the incomplete extractability of 
Al, Fe, and Si associated with iXAMs by wet-chemical extractions, quantitative PXRD combined with BSM remains the only way 
to assess the total contents and composition of iXAM in soils. In particle-size fractions, iXAM contents were negatively related to 
feldspar abundances, suggesting that feldspar weathering contributed genetically to iXAM formation by providing dissolved Si 
and Al, which then precipitated to iXAMs. A positive correlation between iXAM and phyllosilicate clay contents suggests that 
iXAMs are physically associated with phyllosilicate clays and/or that iXAMs act as precursors for crystalline phyllosilicate clays 
through the processes of transformation, dissolution-reprecipitation and structural rearrangement of short-range ordered 
aluminosilicates. Statistical test revealed that combined contents of phyllosilicate clays and iXAMs contributed significantly to 
SSA and total nanoporosity of particle-size fractions. Iron and LOI contents, indicative of poorly crystalline Fe (oxyhydr)oxides, 
were identified as the most important iXAM properties controlling SSA and nanoporosity. Our results collectively imply that iXAMs 
are integral and quantitatively important soil components that should be considered while assessing physicochemical soil 
properties and functions. 
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Climate change is increasing the vulnerability of marginal agricultural lands to prolonged drought and erosive rainfall. In Brazil, 
approximately 50 million hectares of sandy soils could play an increasingly important role in food security as further conversion 
of native vegetation becomes constrained. Their low clay content results in low specific surface area (SSA), cation-exchange 
capacity (CEC), water retention and mineral-associated carbon stabilisation. Improving these soils therefore requires not only 
nutrient inputs but also greater physicochemical reactivity. K-bearing, clay rich mining overburden is abundant in the study region, 
which hosts one of South America’s largest ceramic producing clusters. Its reuse could simultaneously supply potassium and 
add reactive mineral surfaces to sandy soils, representing a potential nature-based solution (NBS) that valorises industrial by-
products within a circular economy and supports relevant UN Sustainable Development Goals. However, bulk K₂O content alone 
is a poor predictor of agronomic performance because K accessibility depends on its mineral hosts and layer architecture. This 
study characterises Yellow Siltstone (YS) and Gray Siltstone (GS), two mining overburden materials from the Permian 
Corumbataí Formation in the Paraná Basin. Bulk mineralogy was determined by X-ray diffraction and Rietveld refinement, while 
the clay fraction (<2 μm) was resolved using NEWMOD modelling. Sequential K extraction used ammonium oxalate in the dark, 
dithionite–citrate–bicarbonate, 0.5 mol L⁻¹ NaOH, 5 mol L⁻¹ NaOH and NaHSO₄. K released before the final NaHSO₄ step was 
interpreted as relatively more labile than K recovered during that step. Extraction results were scaled to the clay mass applied 
and compared with K partitioning in a one-year experiment using 100-L lysimeters containing sandy soil amended with 50 t ha⁻¹ 
of bulk siltstone (2% w/w) and cultivated with Brachiaria ruziziensis. YS and GS contained 23% and 35% clay, respectively. The 
YS clay fraction comprised illitic, illite–smectite and kaolinite–illite mixed-layer domains, whereas GS was dominated by kaolinite–
illite and illite–smectite mixed layers. Despite its lower clay content, YS showed greater bulk-material SSA (41.43 versus 32.46 
m² g⁻¹), clay activity (130 versus 63 cmolc kg⁻¹ clay) and modelled smectitic contribution, indicating a more reactive clay 
assemblage. Sequential extraction recovered more K from GS. When scaled to the applied clay mass, GS accounted for 13,490 
mg K lysimeter⁻¹, nearly twice the 6,750 mg K lysimeter⁻¹ estimated for YS. Relatively more-labile K amounted to 3,366 mg 
lysimeter⁻¹ in GS and 1,689 mg lysimeter⁻¹ in YS, whereas relatively less-labile K accounted for 10,124 and 5,061 mg lysimeter⁻¹, 
respectively. Nevertheless, the greater extracted amount in GS did not result in greater short-term mobilisation. After one year, 
K recovery across the soil–plant–leachate system was greater under YS than GS (3,218 versus 2,825 mg lysimeter⁻¹), primarily 
because of plant uptake. Plant K reached 2,469 mg lysimeter⁻¹ under YS and 2,034 mg lysimeter⁻¹ under GS, increases of 188% 
and 137% relative to the control, respectively. Recovery under YS exceeded its relatively more-labile fraction, suggesting 
contributions from less-labile sources, although release from clay interlayers cannot be distinguished from non-clay K-bearing 
phases. Both amendments significantly improved soil exchange properties. Final CEC increased from 19.2 mmolc dm⁻³ in the 
control to 24.4 mmolc dm⁻³ under YS and 22.0 mmolc dm⁻³ under GS. The sum of bases (SB) increased from 11.5 mmolc dm⁻³ 
to 16.7 and 14.5 mmolc dm⁻³, respectively. Water-retention data are currently being analysed to determine whether these 
chemical improvements are accompanied by enhanced hydraulic functioning. Together, these results indicate that short-term K 
mobilisation cannot be predicted from total K stock alone but is consistent with clay mineral architecture, reactive surface 



properties and relative K lability. The large less-labile K fraction in GS may provide longer-term buffering, but this hypothesis 
requires multi-year validation. Further FTIR and XAFS analyses will refine the structural interpretation of K accessibility. 
Integrating XRD modelling, clay-fraction sequential extraction and lysimeter K partitioning provides a mineralogically constrained 
framework for evaluating K-bearing clays as amendments with the potential to improve sandy soil reactivity and resilience. 
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Intercalation of glycerol and related propane glycol molecules in smectite and vermiculite interlayers has been investigated for 
more than 80 years. In particular, intercalation of glycerol in Mg-saturated expandable interlayers is used as a probe for layer 
charge density and allows differentiating smectite and vermiculite. 
Interactions controling the intercalation of glycerol molecules in smectite/vermiculite interlayers remain poorly understood 
because of the complex interplay between cation hydration forces, interlayer surface binding and water activity. The present work 
attempts to disentangle these contributions and report on the influence of i) layer charge, ii) the nature of interlayer cation, iii) the 
hydrophilicity of an organic molecule and iv) relative humidity (RH) on intercalation. For this purpose, three types of propane 
glycols were intercalated in synthetic saponites with layer charges ranging from 0.8 – 1.4 per formula unit (pfu). Saponite 
suspensions containing 30% of glycerol were prepared in 1 mM solutions of either CaCl2 or SrCl2 and shaken for 24 h at 90 °C 
to increase the rate of otherwise sluggish intercalation kinetics. Oriented slides were then prepared by filtering the suspension 
and analyzed in a humidity--controlled chamber starting at 90% RH in steps of 10% until the final RH of 10%, and then back to 
90% RH to assess the reversibility of reaction. The whole analysis cycle took approximately 48 h. 
The increase of the layer-to-layer distance going from high RH conditions (d001 ≈16.3 Å) to low ones (d001 ≈18.3 Å) is consistent 
with the modification of glycerol molecule orientation with respect to the 2:1 layer. The amplitude of this evolution depends 
however on i) the magnitude of tetrahedral layer charge, ii) the hydration energy of interlayer cation, and iii) the presence and 
location of hydroxyl groups on the propane skeleton, i.e., their hydrophilicity. 
These contrasting responses of glycerol and related propane-diol molecules to environmental conditions, in smectite and 
vermiculite interlayers will be used to shed light on the elementary processes ruling interactions between smectite/vermiculite 
and organic molecules. In turn, these results will be key to elucidating the effects of environmental conditions on the stability of 
intercalated organic compounds in natural environments and will open new avenues for tailoring the properties of hybrid organic-
inorganic nanocomposites based on clay minerals. 
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The sedimentary ancient DNA (sedaDNA) has transformed paleoenvironmental reconstructions by enabling detailed identification 
of past biological communities. However, DNA primarily records organism presence and may be transported before deposition. 
In contrast, sedimentary ancient RNA (sedaRNA) reflects gene expression in active cells immediately before death, offering the 
potential to reconstruct ecosystem functions such as marine algal blooms and harmful toxin-producing events. RNA is less stable 
than DNA which is the main limitation in its widespread use for ancient studies. Intercalation within smectite might provide a 
preservation pathway capable of extending RNA survival through geological timescales. While RNA intercalation has been 
demonstrated under acidic conditions (de Oliveira et al., 2021), the governing controls under environmentally relevant conditions 
remain poorly understood. Here, we investigate how the location of layer charge influences RNA intercalation in smectite minerals. 
We investigated RNA intercalation in two synthetic smectites, saponite (tetrahedral charge, 0.65 e- per unit cell) and hectorite 
(octahedral charge, 0.80 e- per unit cell) under environmentally relevant conditions (pH 7) in CaCl2; NaCl and artificial seawater 
solutions. We monitored intercalation by X-Ray Diffraction on oriented aggregates prepared after reaction periods ranging from 
5 min to 92 h to identify the equilibrium state. 
RNA intercalated both smectites under circumneutral conditions demonstrating acidic conditions are not required for interlayer 
uptake. Intercalation was greater in Ca2+ and seawater solutions than in Na+ solutions highlighting the importance of electrostatic 
interactions and cation bridging. Hectorite exhibited faster intercalation kinetics than saponite suggesting that the more diffuse 
octahedral layer charge promotes RNA uptake through a smoother electrostatic potential and greater interlayer cation mobility. 
Intercalation decreased with decreasing RNA concentration and became negligible in Na+ solutions at low concentrations. The 
concentrations required for intercalation are relatively high suggesting that RNA preservation is most likely to occur close to sites 
of biomass production and decay. While this may limit long-range transport of RNA-mineral complexes, it could favor the 
preservation of local ecological signals and ecosystem function. 
Our results demonstrate that RNA can intercalate smectites under environmentally relevant conditions and identify layer charge 
location and solution chemistry as important controls of this process. The findings provide a basis for evaluating the preservation 
potential of sedaRNA in marine sediments and its use in paleoenvironmental reconstructions. 
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Electrostatic interactions between cationic organic dyes and negatively charged smectite surfaces are the primary driving force 
for the assembly of photoactive organic-inorganic hybrid systems and directly influence the resulting photophysical properties of 
the prepared systems. The layer charge density of smectites affects the intermolecular separation of adsorbed dyes from the 
subnanometre to nanometre regime, with a decisive impact on dye aggregation and molecular separation. However, despite the 
recognized importance of surface charge density for the organization and optical response of luminophores, the relationship 
between the charge distribution within dye molecules and the surface charge distribution of smectites remains insufficiently 
understood. 
Here, we systematically examine mono-, di-, and tricationic dyes ([D-TPA-Btz-Me]+, [Q-TPA-Btz-Me]2+, and [O-TPA-Btz-Me]3+) 
combined with smectites of different surface charge densities. The dyes were rationally designed to suppress aggregation and to 
promote surface-fixation-induced emission (S-FIE). Hybrid materials were prepared as both thin films and dispersions, and their 
photophysical properties were monitored for up to 21 days. 
The results show that dye charge strongly governs molecular diffusion and migration at the smectite surface with time. For 
monocationic dyes, migration was manifested by time-dependent shifts in absorption maxima, whereas di- and tricationic dyes 
afforded markedly improved long-term spectral stability. In addition, all hybrids based on synthetic smectites exhibited a gradual 
increase in photoluminescence intensity over time, which is tentatively attributed to smectite particle agglomeration and partial 
intercalation of dye molecules into the interlayer space. By contrast, hybrids containing natural smectites exhibited pronounced 
absorption-spectrum scattering and emission quenching, rendering them unsuitable for the preparation of efficient 
photoluminescent materials. 
Overall, this study establishes design guidelines for photoactive smectite-dye hybrid materials with tunable, predictable, and 
temporally stable optical properties. 
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Ciprofloxacin (CIP), a widely used fluoroquinolone antibiotic, is increasingly recognized as an emerging aquatic contaminant due 
to its persistence and limited removal in conventional wastewater treatment systems [1]. Clay minerals have emerged as 
promising materials for the efficient sequestration of antibiotic pollutants from aquatic environments, owing to their high surface 
area, cation-exchange capacity, structural stability, and strong adsorption affinity [2]. In this study, the adsorption and intercalation 
behavior of CIP within montmorillonite (Mnt) clay was investigated using the density functional theory method for solid-state 
systems involving the D3 scheme for correction of dispersion forces (DFT-D3) to obtain atomistic insights into pollutant retention 
in layered minerals [3]. The CIP–Mnt adsorption system was constructed using a periodic montmorillonite supercell with lattice 
parameters of a = 20.97 Å, b = 18.18 Å, and c = 25.00 Å. The model consisted of a negatively charged montmorillonite 
aluminosilicate framework with interlayer Na⁺ counterions hydrated with four water molecules each. Specifically, six Na⁺ ions 
were introduced into the interlayer region to compensate for the layer charge (̶ 6 |e|), and 24 explicit H₂O molecules (four water 
molecules surrounding each Na⁺ ion) were included to reproduce the hydrated interlayer environment in the experimental probes 
[4]. Ciprofloxacin molecules were subsequently incorporated into this hydrated Na–montmorillonite interlayer system to 
investigate adsorption and intercalation behavior under realistic conditions. 
Geometry optimization and adsorption energy calculations revealed strong thermodynamic stabilization of CIP within the Mnt 
interlayer space. The calculated adsorption configurations demonstrated that the process is governed by a cooperative network 
of interactions, including hydrogen bonding between CIP functional groups and surface oxygen atoms, electrostatic interactions 
between CIP, interlayer Na⁺ ions, and the charged clay framework, hydration-mediated stabilization, and dispersion-driven effects 
that contribute to confinement. The optimized structures further indicated significant structural adaptation of the interlayer space 
upon CIP incorporation. 
To investigate dynamical stability, ab initio molecular dynamics (AIMD) simulations were performed at ambient temperature (300 
K) using the optimized hydrated CIP–Mnt model. The AIMD simulations were conducted with a time step of 1 fs for a 10 ps 
equilibration period in the canonical (NVT) ensemble using a Nosé–Hoover thermostat, followed by a 10 ps production run in the 
microcanonical (NVE) ensemble. The simulations confirmed structural stability of the adsorbed configurations and provided 
insight into thermal behavior, hydration effects, and mobility of CIP molecules within the clay interlayer. Vibrational density of 
states (VDOS) analysis further elucidated the role of intermolecular interactions in stabilizing the adsorption complexes. 
The present study provides a molecular-scale understanding of ciprofloxacin adsorption in hydrated montmorillonite and highlights 
the critical roles of interactions (strong electrostatic interactions, hydrogen bonding, and dispersive forces) and interlayer hydration 
in determining adsorption stability and interlayer confinement, thereby paving the way for the rational design of clay-based 
remediation materials towards a cleaner, greener, and more sustainable environment. 
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The Marinska pond is a small water body located on the Island of Cres, in the proximity of the Sonte Bay (Lošinj Channel), 
approximately 50 m from the coastline. The present-day water column is brackish (EC=11 ms/cm), slightly alkaline (pH=8.4) and 
characterized by very high dissolved oxygen (~15 mf/l O2), indicative of a shallow, warm, and hydrologically restricted pond 
environment (Brunović et al., 2019). A short sediment core (35 cm) from Marinska pond contains calcite as major mineral phase, 
while quartz and aragonite are minor mineral phases. The clay mineral assemblage comprises chlorite, illite and kaolinite, 
interpreted as detrital phases originating from surrounding soils (predominantly terra rossa). Sepiolite, a Mg-rich clay mineral is 
identified in the basal parts of the core, where the TOC concentrations vary between 0.7 to 3.2%. Its origin is interpreted as 
authigenic, either precipitated from pore fluids during early diagenesis or formed during burial diagenesis. Sepiolite is not a 
common clay mineral in karst environments. Its formation requires Mg-rich fluids, elevated pH and evaporative conditions. 
Marinska marine pond developed within a karst depression, considered as a coastal doline, and was not submerged during 
Holocene sea-level rise. Marine transgression in the Sonte embayment occurred at 6610 cal yr BP, marking the onset of increased 
marine influence, as evidenced by foraminifera (Brunović et al., 2019). A sill at 1.1 m elevation separates the Marinska pond from 
direct marine influence, and foraminiferal species richness is low. The assemblage is dominated by agglutinated taxa typical of 
intertidal environments, indicating possible tidal influence through subsurface karst network (Brunović et al., 2019). Notably, the 
Mg-clay sepiolite occurs in the basal core section and is absent from the upper and surface sediments, suggesting that favorable 
conditions for its authigenic formation were limited to an earlier phase of doline evolution. The results provide rare evidence for 
the conditions promoting authigenic sepiolite formation in a coastal karst environment. The occurrence of authigenic sepiolite 
highlights the sensitivity of small coastal karst basins to subtle changes in marine connectivity (Mg availability) and hydrological 
balance, emphasizing the potential of Mg-clay minerals as proxies for reconstructing past environmental conditions in 
Mediterranean coastal karst settings. 
This study was conducted as part of the internal research project “Paleolimnology of Croatian karst lakes: tracing environmental 
change (PLATE)” at the Croatian Geological Survey, funded by the National Recovery and Resilience Plan 2021–2026 of the 
European Union—NextGenerationEU, and monitored by the Ministry of Science and Education of the Republic of Croatia. 
Brunović, D.; Miko, S.; Ilijanić, N.; Peh, Z.; Hasan, O.; Kolar, T.; Šparica Miko, M.; Razum, I. 2019. Holocene foraminiferal and 
geochemical records in the coastal karst dolines of Cres Island, Croatia. Geologia Croatica, 72/1, 19–42. 
https://doi.org/10.4154/gc.2019.02. 
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Halogenated hydrophobic organic compounds (HOCs) widely show persistent, bioaccumulative, and toxic characteristics that 
lead to adverse effects on humans and other biota. The knowledge of sorption processes is highly relevant to estimate their 
mobility and retention and thereby to assess their environmental fate and risk. Their interactions with organic matter are intensively 
studied, whereas data on interactions with clay minerals (CM) are still scarce, especially for neutral, halogenated HOCs. To 
mechanistically elucidate HOC–CM interactions, we combined laboratory experiments with molecular modelling. 
We studied HOC–CM interactions with five halogenated benzenes on a hydrophobicity gradient (log KOW 2.6–6.5) as well as 
twelve pure phyllosilicate CMs and 21 smectite-rich bentonites as mineral phases in laboratory adsorption experiments. 
Adsorption experiments were performed in miniaturized test systems followed by solid-phase microextraction (SPME) coupled to 
gas chromatography-mass spectrometry for analysis. Hexachlorobenzene (HCB) adsorption was investigated for all mineral 
phases, whereas the adsorption of the further four HOCs was studied with five selected bentonites. The influence of exchangeable 
cations on the extent of adsorption was tested after cation modification of clays with nine different alkali and alkaline earth metal 
cations. Molecular modelling was performed at the density functional theory (DFT) level using the Vienna Ab-Initio Simulation 
Package (VASP) for the same five HOCs with montmorillonite models of varying mineral structure, with and without explicit 
solvation. 
Our results show that HOCs can adsorb to clay minerals to a relevant extent, with a strong mutual influence of HOC and CM 
properties on the extent of adsorption. HCB adsorption to 12 pure phyllosilicates (kaolinites, smectites, illite, vermiculite, chlorite) 
varied widely (solid-liquid adsoprtion coefficients log Kd 0.8–3.3), especially within smectites [1] and was partly comparable to the 
adsorption in organic matter containing sediments. HCB adsorption to native bentonites could be differentiated between low and 
highly adsorptive bentonites (log Kd 1.8–2.5 vs. 3.6–4.1) [2], which is even comparable with HCB adsorption to pure organic 
matter (log Kd 4.5). Cation exchange of charge neutralizing cations resulted in increasing adsorption of HCB [1], HFB, and HBB 
(log Kd > 5.0) with decreasing hydrated radii of exchangeable cations. Expectedly, the hydrophobicity of the HOCs played a 
crucial role for the extent of adsorption but can be outweighed by mineral properties. Results from molecular modelling did align 
well with laboratory results but partly deviated based on hydration state [3]. In particular, our results i) show the relevance of CMs 
for HOC adsorption with a wide variation of solid-liquid adsorption coefficients over orders of magnitude (log Kd <1.0 to >5.0); ii) 



provide mechanistic understanding of the influence of CM characteristics such as layer charge, exchangeable cations, particle 
size, and pore size distribution on adsorption; and iii) elucidate the hydration state to be critical both for the extent of adsorption 
energies and the type of interaction processes. 
Overall, our results suggest a strong influence of specific HOC–CM interactions on the environmental distribution of HOCs and 
challenge the widely accepted paradigm that neutral (highly) hydrophobic compounds are (almost) exclusively sorbed to organic 
matter. Thereby, our results highlight the relevance of minerals for the fate, transport, and retention of HOCs in the environment, 
e.g. for the elucidation of long-term source/sink phenomena in soils and sediments as well as for applications in water treatment 
and landfill sealing. 
[1] Böhm L, Grančič P, Scholtzová E, Heyde BJ, Düring R-A, Siemens J, Gerzabek MH, Tunega D. 2023. Adsorption of the 
hydrophobic organic pollutant hexachlorobenzene to phyllosilicate minerals. Environ Sci Pollut Res 30:36824–36837. 
https://doi.org/10.1007/s11356-022-24818-4 
[2] Böhm L, Grančič P, Butzke LP, Kaufhold S, Siemens J, Tunega D, Gerzabek MH. 2025. Clay mineral–hydrophobic organic 
compound interactions in miniaturized adsorption experiments: Exemplary studies with bentonites and hexachlorobenzene. J 
Plant Nutr Soil Sci 188:788-800. https://doi.org/10.1002/jpln.202400130 
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Sustainable agriculture is in a field of tension between productivity and conservation of soil health. Nanopesticides have been 
developed to guarantee both, i.e. in the form of copper which is applied as fungicide or fertilizer in horticulture. However, we 
recently showed for the first time that copper-based nanoparticles can be harmful to soil organisms at very low, field-realistic 
concentrations. Surprisingly, this was only the case for highly-adsorbing clay-rich soils, which are relevant for agriculture. In 
catalytic studies it was often shown that copper-loaded clays can be highly reactive and form reactive oxygen species (ROS). 
The formation of ROS is based on electron transfer processes in which transition metals (especially nano-sized), clay minerals 
and organic matter serve as a source and/or transporter of excess electrons. All of these substance groups are naturally occurring 
in the soil, but also added by agricultural activities. In this project, we aim to proof if ROS formation by clays is also supported by 
copper loads that are field-realistic under the assumption of agricultural application regimes and thereby by 2 to 3 orders of 
magnitude lower than in catalytic studies. 
We incubated kaolinite, Fe-poor and Fe-rich montmorillonite for 2 h under stirring with three different Cu substances (CuCl2, CuO 
nanoparticles and the fungicide Funguran, which is based on Cu(OH)2 nanoparticles at concentrations from 10 to 1000 mg Cu 
above background/kg clay. We also added Fe minerals of low and high crystallinity in form of ferrihydrite and goethite, 
respectively. We quantified ROS formation of the Cu-clay dispersions by the degradation of the fluorescent dye 
dichlorofluorescein at pH levels of 5 and 7 to account for different pH conditions in soils. We also measured the Cu ion release 
from the loaded clays. 
The ROS formation by the clays alone increased in the order kaolinite < Fe-poor montmorillonite < Fe-rich montmorillonite. The 
addition of Cu led to an increase of ROS formation for kaolinite and Fe-poor montmorillonite only at the highest Cu concentration 
and only for CuCl2 and Funguran. In both cases, the increase correlated with the amount of released Cu2+ ions from the clays, 
indicating that the ROS formation is mainly caused by free Cu2+ ions. For Fe-rich montmorillonite, ROS formation at pH 5 
increased by up to 27% for CuO nanoparticles and Funguran in the lowest concentration of 10 mg Cu/kg clay, but decreased with 
increasing Cu concentration. The addition of Fe minerals led to the reduction of ROS formation. The increased ROS formation 
goes far beyond that of Cu alone at the same concentrations, indicating a synergism between clay and Cu nanomaterials. At pH 
7, Cu reduced the ROS formation by clays with increasing Cu concentrations, the reduction being strongest for Funguran. For 
this clay, Cu release in the lower concentrations was below LOQ and, therefore, could not be responsible for the ROS formation. 
Consequently, ROS was produced by agglomerates of Fe-rich montmorillonite and low concentrated Cu-based nanomaterials at 
pH 5, probably fuelled by H+ from the low pH medium and e- from structural Fe, while external Fe minerals caused the opposite 
effect; the lower agglomeration at low concentration might be responsible for the non-linear dose-repsonse relationship. This is 
also in line with previously investigated soil ecotoxicological assays. 
The hypothesised mechanisms behind these observations should be stated and the impact of other soil substances such as 
different types of organic matter should be investigated to further understand how Cu-clay combinations in the soil and agricultural 
context may negatively impact soil biota by the route of ROS formation. 
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Soils are under threat from soil sealing, erosion and most importantly commercial agriculture. In light of the ongoing conflict 
between soil protection and food production, a comprehensive understanding of how pesticides interact with their biotic and 
abiotic environment is essential. 
Copper is widely applied as fungicide or fertilizer in orchards and vineyards and has been shown to be toxic to a wide range of 
soil organisms. However, predicting its toxicity solely based on bioavailability was shown to be insufficient, especially in the case 
of Cu-based nanomaterials. For CuO nanoparticles, toxic effects to soil organisms were only observed in highly adsorbing clay-
rich soils where bioavailability was low. This could be due to both, clay minerals and copper, being able to induce the formation 
of reactive oxygen species (ROS). 



This study aimed to investigate the environmental factors influencing copper- and clay- induced ROS formation in soils. ROS 
formation was quantified in artificial solutions using dichlorofluorescein for two model organic substances (humic acids and 
ascorbic acid) in environmentally relevant concentrations at pH 7.3 and pH 5 with three copper substances (copper salt, copper 
nanoparticles and the copper nanoparticle-based fungicide Funguran). Furthermore, dispersions of iron rich montmorillonite clay 
(SWy-3) were mixed with the organic acids and also tested with all copper substances. 
Results without clay show a pH-dependent increase of ROS formation with higher concentrations of organic substances (up to 
10-times higher at pH 5 than pH 7.3), which was substantially altered in clay dispersions. Humic acids in combination with Cu-
clay dispersions caused an increase in ROS formation at both pH, but much more pronounced at pH 7.3 compared to copper 
and clay alone. Ascorbic acid in contrast, acted as antioxidant at higher concentrations in the presence of clay, significantly 
reducing ROS formation at pH 7.3 . Overall, the different solubility of organic substances at different pH and the resulting 
interactions with copper and clay minerals create a multifaceted system of ROS formation potential in soils. 
This study is a step further into unravelling the complex dynamics between soil components and pesticides and will be used to 
make better predictions for copper toxicity based on the composition of clay and other soil substances. 
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The identification of Mg-hydroxy-interlayered smectite (Mg-HIS) by X-ray diffraction analysis can be difficult and requires the use 
of additional analytical methods. Especially, when its present in interstratified illite-smectite. A novel method is reported which 
builds on the reaction of carboxylic acids, (R–COOH) with Mg-hydroxides to form Mg-carboxylate salts. In this method, formic 
acid (H-COOH) vapour is used to remove the Mg-hydroxy from the interlayer of smectite and to form crystalline α-Mg formate 
(Mg(HCOO)₂). This method is a simple addition to already existing and widely used ethylene glycol treatment used for clay-rich 
samples in X-ray diffraction analysis. As such, it provides a helpful and straightforward approach for identifying or characterizing 
Mg-HIS, without additional, expensive analytical equipment. Finally, the whole concept can be expanded of other Mg-hydroxy 
bearing phases such as amorphous Mg-silicate-hydrate (M-S-H) or other hydroxides-phases. 
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Determining the chemical composition of clay minerals provides an important complement to X-ray diffraction (XRD) analysis and 
forms the basis for deriving structural formulas, layer-charge characteristics, and mineral identifications. Elemental oxide 
compositions are commonly obtained using energy-dispersive X-ray spectroscopy (EDX/S) coupled with scanning and 
transmission electron microscopy (SEM/TEM), electron microprobe analysis, or bulk analytical methods such as X-ray 
fluorescence (XRF) and inductively coupled plasma (ICP) techniques. 
This contribution presents recent advances in the application of SEM/TEM–EDX data to mineral identification and quantitative 
mineralogical analysis developed through participation in the 12th and 13th Reynolds Cup competitions (RC12 and RC13). The 
work builds upon the MinMatch database, a spreadsheet-based compilation of more than 500 published compositions of clay 
minerals and associated accessory phases commonly encountered in clay-rich materials. 
A major development has been the implementation of targeted EDX data acquisition guided by elemental mapping. Rather than 
relying on randomly selected analysis points, EDX spectra are collected from chemically distinct domains identified through multi-
element maps, improving phase discrimination and reducing the influence of mixed-particle and mixed-phase analyses. The 
resulting compositions are compared against reference mineral compositions in the MinMatch database using an automated 
search-and-match routine based on Pearson correlation coefficients, supplemented by compositional ratios and visual pattern 
recognition. 
A further innovation involves the integration of mineral-specific EDX data with bulk powder chemical analyses through mass-
balance calculations. This approach provides an independent constraint on mineral abundances and enables iterative refinement 
of phase proportions derived from XRD quantification. The combined workflow links micro-scale compositional measurements 
with bulk sample chemistry, offering a means to evaluate the consistency of mineralogical models and identify potential 
contributions from poorly crystalline or amorphous phases. 
Case studies from RC12 and RC13 demonstrate how the combined use of elemental mapping, targeted EDX acquisition, 
database matching, and bulk-composition mass balancing can improve mineral identification and quantitative analysis in complex 
clay assemblages. The strengths, limitations, and future potential of these approaches are discussed, particularly with respect to 
mixed-layer clay minerals, fine-grained intergrowths, accessory phases, and amorphous materials that remain challenging for 
conventional XRD-based quantification. 
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Further interpretation of 4 K Mössbauer spectra of bacterial- and dithionite-reduced nontronite. 
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The ability of bacteria to reduce structural Fe in smectites has been known since the 1980s (Stucki et al., 1987; Wu et al., 1988), 
and many studies have confirmed this fact (Pentrakova et al., 2013). Another established fact is that the level of reduction 
achieved by bacteria is less than that when using citrate-bicarbonate (CB) buffered dithionite as the reducing agent (Lee et al., 
2006). A third fact is that the 4 K Mӧssbauer spectra of bacteria- and dithionite-reduced nontronite, reduced to the same level of 
structural Fe(II), are very different (Ribeiro et al., 2009), suggesting that the two methods yield different distributions of Fe(II) 
within the crystal lattice. Those spectra, however, until now have never been fitted nor analyzed in detail. The objective of the 
present study was to carry out the fitting of the respective 4 K Mӧssbauer spectra in order to understand the differences in the 
nature of the Fe between these two forms of reduced nontronite, to determine their relative chemical reactivity and physical 
behavior in environmental, agricultural, and industrial applications. The Mӧssbauer spectra at 4 K for Fe(II)-rich smectite and 
biotite were observed and reported many years ago, but their complexity was such that successful fitting was achieved only 
recently (Rothwell et al., 2023). In the present study, this new fitting method was employed to further refine the interpretations of 
the aforementioned differences in the 4 K spectra of partially reduced nontronite. Garfield nontronite, API #33a, was reduced by 
Shewanella oneidensis to a level of 23% Fe(II):Total Fe and by CB buffered dithionite to levels of 22% and 96%, as measured 
by the 1,10-phenanthroline (Phen) method (Komadel & Stucki, 1988). Mӧssbauer spectra were collected at 77 and 4 K using a 
closed cycle cryostat. Curve fitting was performed using the WinNormos software by WissEl (Wissenschaftliche Elektronik GmbH) 
implemented with Igor Pro from WaveMetrics and assuming Lorentzian line shapes. At 77 K, the Mӧssbauer spectra of the 



bacteria- and dithionite-partially-reduced nontronite were virtually identical, with doublets attributed to octahedrally coordinated 
Fe(III) and Fe(II) with peak relative intensities consistent with the chemical analyses. At 4 K, the dithionite 96% reduced nontronite 
contained one small doublet for Fe(III), accounting for 3.9% of the peak area. For Fe(II), one doublet (4.4% of peak area) and a 
partially collapsed octet (91.6% of peak area) were observed. Because the Fe in the 96% reduced nontronite structure is virtually 
all Fe(II), the octet represents the signature of Fe(II) in a magnetically ordered domain. The peak area of the octet in the dithionite 
partially reduced sample, however, represented less than half of the total Fe(II) in the sample, so much of the Fe(II) was not 
magnetically ordered or clustered. Only about 15% of the Fe(III) was magnetically ordered. In the case of the bacteria-reduced 
sample, 82% of both the Fe(III) and Fe(II) exhibited magnetic order, even though the level of reduction was only a little more than 
20% in both samples. Ribeiro et al. (2009) interpreted the unfitted Mӧssbauer spectra to mean that bacteria attack the clay layers 
from the edges only, thus creating a reducing front that moves part way through the 2:1 layer and leaves Fe(II) and Fe(III) each 
distributed within its own, distinctly separate domain. Dithionite, on the other hand, attacks the clay at the basal surfaces as well 
as the edges, by means of the sulfoxylate free radical (SO2·), and achieves a semi-randomly scattered distribution of Fe(II), as 
asserted by Lear and Stucki (1987). The fitting of the Mӧssbauer spectra of all three reduced forms of nontronite from the current 
study thus reinforces the validity of the Ribeiro et al. (2009) interpretation. 
Komadel, P., & Stucki, J. W. (1988). CCM, 36, 379-381. 
Lear, P. R., & Stucki, J. W. (1987). CCM, 35, 373-378. 
Lee, K. et al. (2006). CCM, 54, 197-210. 
Pentrakova, L. et al. (2013). CM, 48, 543-560.  
Ribeiro, F. R. et al. (2009). PAC, 81(8), 1499-1509. 
Rothwell, K. A. et al. (2023). ES&T, 57(28), 10231-10241. 
Stucki, J. W. et al. (1987). SSSJ, 51, 1663-1665. 
Wu, J. et al. (1988). SSSJ, 52(1), 295-296. 
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ICSD (Inorganic Crystal Structure Database) is the world’s largest database for fully determined inorganic crystal structures. It is 
made available to the scientific community and industry by FIZ Karlsruhe. ICSD contains the crystallographic data of published 
crystalline inorganic structures, including atom coordinates, dating back to 1913. Organometallic and theoretical structures have 
been added within the past years. The ICSD data are of excellent quality. Data quality is ensured through continuous selection, 
verification and enrichment. ICSD has also been certified with the Core Trust Seal since 2023. 
The ICSD database now contains more than 335,000 crystal structures. Around 16,000 new structures are added every year. 
Through our continuous quality assurance, existing content is modified, supplemented or duplicates removed. As a result, and 
by filling gaps from previous years, even the older content is not static. 
Highlights of ICSD: 
· All important crystal structure data are available, including unit cell, space group, complete atomic parameters, site occupation 
factors, Wyckoff sequence, molecular formula and weight, ANX formula, mineral group, etc. 
· 80 % of the structures are allocated to about 10,000 structure types. This allows for searches for substance classes. 
· Revision of the mineral names according the International Mineralogical Association (IMA) to link mineral entries to the two 
mineral databases "webmineral.com" and "mindat.org" 
· Continuous selection and evaluation of theoretical structures. They can serve as a basis for developing new materials through 
data mining processes. 
· Keywords to describe physical and chemical properties are provided. 
· Abstracts for a quick grasp of the article content are available. 
· Simulation of Powder Diffraction Data 
A current key area of development is the complete modernization, clean-up, and redesign of the ICSD user interface. As a first 
step, the ICSD search forms have been redesigned and will be available with the new update this fall. In a second step, the 
display of search results (the general results list and the view of all information for a specific entry) will be redesigned. 
The integration of ICSD data into the CellCheckCSD tool is an important new feature: It enables researchers to check, even in 
the early stages of structure determination, whether a compound is already known, which saves time and avoids redundant work. 
The ICSD database plays a key role in AI-driven materials research. With the ICSD API and our high quality data we offer a tool 
to support the data-driven materials discovery and thus significantly accelerate the development of new materials e.g. for 
semiconductors, energy technologiesThus, the ICSD remains an indispensable tool for the next generation of materials science 
research. 
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Nanoclays are increasingly explored in biomedical applications due to their tunable surface chemistry, layered structures, and 
biocompatibility. Their functionalities have been leveraged in antibacterial, hemostatic/wound-healing, inflammatory bowel 
disease (IBD), and anticancer therapies. In antibacterial applications, engineered nanoclays exhibit reactive oxygen species 
(ROS)-mediated nanozyme activity, contact-killing effects, and oxygen-vacancy–driven mechanisms, while strategies such as 
phase transformation, d-band center modulation, and ion engineering enhance antimicrobial efficacy while controlling cytotoxicity. 
For hemostasis and wound healing, nanoclay interfaces promote platelet aggregation, accelerate coagulation, and reduce 
infection risk through charge redistribution, surface functionalization, and photothermal enhancement. In IBD, nanoclays modulate 
the microenvironment by scavenging ROS, buffering pH, and regulating inflammatory signaling, thereby promoting tissue 
protection and anti-inflammatory effects. In anticancer therapy, nanoclay-based systems facilitate controlled release of 
therapeutic molecules, ROS generation, and photothermal or immunomodulatory effects, achieving selective tumor cytotoxicity 
while minimizing systemic toxicity. Mechanism-guided design strategies and biosafety considerations provide a framework for the 
rational integration of nanoclays into advanced biomedical applications. 

 
3:50pm - 4:10pm  

Acid-treated kaolin incorporating Melaleuca alternifolia essential oil and grapefruit seed extract as a 
multifunctional component for cosmetic clay formulations 

Anna Czarnecka-Skwarek, Agnieszka Rożek 
University of Warsaw, Faculty of Geology, Poland; a.czarnecka6@uw.edu.pl 

Kaolin is a naturally occurring clay mineral widely used across various industries, including cosmetics, due to its favorable 
physicochemical and adsorption properties. Its functionality in cosmetic formulations is primarily determined by its mineral 
composition and the structure of kaolinite, a 1:1 clay mineral characterized by a layered structure and low surface charge. These 
features enable the adsorption of sebum, water, and impurities, making kaolin suitable for use in cleansing and mattifying 
products, as well as a carrier for active ingredients. However, the direct application of raw kaolin is limited by the presence of 
mineral impurities and variable microbiological purity, which necessitates modification processes. 
One effective method to enhance the properties of kaolin is acid activation, which involves treatment with mineral acids, leading 
to partial removal of cations from the crystal lattice and elimination of impurities. This process results in the formation of acidic 
sites, increased specific surface area and porosity, and consequently improved adsorption capacity and chemical reactivity. At 
the same time, an important trend in the development of modern cosmetic formulations is the replacement of synthetic 
preservatives with natural alternatives, including essential oils, which exhibit antimicrobial properties but require stabilization, 
often through immobilization on suitable carriers. 
The aim of this study was to develop and characterize acid-modified kaolin enriched with tea tree essential oil (Melaleuca 
alternifolia) and grapefruit seed extract, and to evaluate its antimicrobial properties in the context of cosmetic applications. Kaolin 
from the Jegłowa deposit was subjected to activation using 2M HCl and subsequently enriched with natural preservative 
components. The obtained materials were characterized using X-ray diffraction (XRD), scanning electron microscopy (SEM), 
Fourier-transform infrared spectroscopy (FTIR), and gas porosimetry to determine mineral composition, surface morphology, and 
specific surface area. Microbiological quality was assessed in accordance with ISO 17516. 
The results demonstrated that acid activation induced significant structural changes, increasing both porosity and specific surface 
area, which translated into enhanced sorption activity. The formation of acidic sites improved the interaction potential of kaolin 
with other formulation components, while control of activation conditions allowed tailoring of its properties for specific functions 
such as an absorbent, carrier, or sensory modifier. The modified materials met microbiological purity requirements for cosmetic 
raw materials, unlike the unmodified sample. Under the experimental conditions, the natural mixture showed higher antimicrobial 
activity against Escherichia coli ATCC 8739 and Staphylococcus aureus ATCC 6538 than the synthetic preservative system DHA 
BA, with effectiveness varying depending on the type of microorganism and being higher against Gram-negative bacteria. 
The developed hybrid material combines the sorptive properties of modified kaolin with the antimicrobial activity of natural 
components, indicating its potential as a safe, stable, and multifunctional ingredient in modern cosmetic formulations. 
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Soil Carbon Sequestration in Sorghum Cropping Systems: Evidence From Stable Isotopes and 
Aggregate-Size Fractionation 

Fugen Dou 
Texas A&M AgriLife Research Center at Beaumont, United States of America; fugen.dou@agnet.tamu.edu 

Management practices can influence both the quantity of soil organic carbon (SOC) and its distribution into different fractions or 
pools. We investigated SOC sequestration potentials of cropping systems in near-surface (0–5 cm) samples through soil size 
and density fractionation coupled with acid hydrolysis and natural abundance of stable isotopes (δ13C) in a 20-year field study in 
the southern Great Plains in 2002. Treatments included two tillage regimens, conventional and no tillage (NT), in combination 
with two cropping systems: continuous grain sorghum [Sorghum bicolor (L.) Moench.] (CS) and a sorghum-wheat (Triticum 
aestivum L.)-soybean [Glycine max (L.) Merr.] (SWSoy) rotation, and with or without N fertilization. Tillage and cropping sequence 
significantly affected SOC distribution and the natural abundance of δ13C in different fractions. Samples from CS exhibited δ13C 
values ranging from -15‰ to -20‰, suggesting most SOC was derived from this C4 crop species. The δ13C values for soils from 
SWSoy varied from -20‰ to -22‰, reflecting a mixed input from C3-derived and C4-derived residue input. For whole soil and all 
aggregate-size fractions, SOC concentrations were significantly higher for NT than conventional tillage. However, the effects of 
cropping system and N fertilization on SOC interacted with tillage. Greater SOC for enhanced cropping (SWSoy) or N fertilization 
was observed only under NT. The fraction of <53 μm represented a greater proportion of soil than other aggregate-size fractions. 
Our long-term study indicated that SOC and its various fractions, including more resistant, can be increased by NT with enhanced 
cropping and N fertilization. 

 
Characterization of Interparticle Diffusion in Hybrid Clay Colloids Using Förster Resonance Energy 
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Interparticle diffusion in aqueous clay systems significantly influences the kinetics of adsorption, reaction, and transport 
phenomena. While mass transport has been widely investigated in compact clay solids and dense suspensions, diffusion 
processes in dilute smectite dispersions have not yet been sufficiently characterized. This work presents the direct experimental 
evidence of the migration of adsorbed organic dye cations between particles in dilute colloidal dispersions of saponite. The 
migration of molecules between particles was monitored by fluorescence spectroscopy based on the Förster resonance energy 
transfer (FRET). FRET was chosen because it enables real-time detection of nanometer-scale distance changes (2–10 nm) 
between energy donor-acceptor pairs, making it an effective tool for monitoring diffusion kinetics on clay mineral surfaces with 
high sensitivity. 
Synthetic saponite was used for its high purity, low layer charge, and absence of fluorescence-quenching impurities. Stable hybrid 
systems of Rhodamine 6G (energy donor, ED) and Oxazine 4 (energy acceptor, EA) adsorbed on saponite particles were 
prepared separately and subsequently mixed in a 1:1 ratio. Upon mixing, a rapid decrease in ED emission at 550 nm was 
observed along with a corresponding increase in EA emission at 630 nm. The ED was selectively excited, while direct excitation 
of the EA was negligible. Thus, the observed fluorescence changes directly demonstrate the interparticle diffusion of dye 
molecules. 
Kinetic profiles evaluated at temperatures from 5 °C to 70 °C demonstrated a strong temperature dependence, showing 
significantly accelerated diffusion rates at higher temperatures. Discrepancies between experimental data and the theoretical 
Poisson distribution-based model revealed that additional factors, such as concentration quenching and time-dependent colloidal 
destabilization/agglomeration, contribute to the observed fluorescence changes. These results establish FRET as a powerful, 
analytical tool for characterizing nanoscale mass-transport phenomena at solid-liquid interfaces.[1] 
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How should we prepare clay-rich samples for quantitative X-ray analysis? 

Laura Schnee, Leif Habermann, Christian Mikutta 
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The accurate quantification of phyllosilicate clays in multi-mineral assemblages is essential for establishing a link between 
mineralogical inventories of soils and their properties and functions. However, clay minerals possess different particle sizes and 
aspect ratios which influence their preferred orientation in both (random) powder and oriented mounts and potentially their X-ray 
diffraction (XRD)-based quantification. Building on the work of Dohrmann et al. (2009) who investigated the preferred orientation 
of pure phyllosilicate clays and their admixtures, we evaluated XRD patterns and their Rietveld refinements of seven Ca-
exchanged phyllosilicate clays and admixtures following different sample preparation methods that are known to suppress (spray-
drying) or enhance (freeze-drying) artefacts relevant to XRD analysis. While oriented mounts generally produced sharper 00l 
reflections than powder mounts, samples containing illite or halloysite exhibited poorer orientation due to the wavy (illite) or 
acicular (halloysite) particle morphology. Freeze-drying caused partial smectite delamination, leading to the overestimation of 
kaolinite contents in binary mixtures containing residual Na in smectite interlayers. Spray-drying of water-suspended mineral 
mixtures produced spherical as well as toroidal aggregates, perhaps due to strong differences in particle size and dehydration 
characteristics among the contained phases even after micronisation. In both aggregate types, larger particles appeared to form 
the outermost layer, while smaller particles were found inside the aggregates. Consequently, spray-drying of water-suspended 



mineral mixtures led to erratic deviations from nominal sample composition. This could be ascribed to the partial collapse of 
expandable smectite interlayers and the ensuing suppression and broadening of the 00l reflex. Our results emphasize the 
importance of gentle sample preparation for the study of environmental samples containing hydrous minerals such as 
phyllosilicate clays. The variable particle size and morphology of these minerals necessitate multi-method approaches to ensure 
their accurate identification and quantification. 
Dohrmann, R., Rüping, K.B., Kleber, M. et al. Variation of preferred orientation in oriented clay mounts as a result of sample 
preparation and composition. Clays Clay Miner. 57, 686–694 (2009). https://doi.org/10.1346/CCMN.2009.0570602  

 
Adsorption of pollutants from a water source by montmorillonite modified by polyquaternium-2 

Peter Škorňa1, Luboš Jankovič1, Daniel Tunega2,3, Eva Scholtzová1 
1: Institute of Inorganic Chemistry, Slovak Academy of Sciences, Dúbravská cesta 9, 84536 Bratislava, Slovakia; 2: Institute for 

Soil Research, University of Natural Resources and Life Sciences, Peter-Jordan-Strasse 82, Wien, A-1190, Austria; 
3: Department of Physics, Faculty of Science, University of Ostrava, 30. dubna 22, 70103 Ostrava, Czech Republic; 

peter.skorna@savba.sk 
Clay minerals are natural nanomaterials frequently employed in the preparation of nanocomposites. Their exceptional physical 
and chemical characteristics stem from their nanoscale size, making them unique chemical conjugates of organic and/or inorganic 
materials. The characteristics of these nanocomposites may vary substantially from those of their individual constituents, leading, 
in certain instances, to remarkable synergistic effects. The interaction of clay mineral and cationic polyelectrolyte generates an 
extensive interface between these two components, which serves to enhance the mechanical properties of the polymer, as well 
as its chemical and thermal stability, biodegradability or environmental stability, flame retardancy, and optical characteristics [1]. 
Polyquaternium-2 is a water-soluble, cationic polymer. Chemically, it is an alternating copolymer made from 1,3-bis[3-
(dimethylamino)propyl] urea and bis(2-chloroethyl)ether, synthesised via a polyaddition reaction. Sometimes, trace amounts of 
unreacted monomers remain in the final product, which can pose challenges in industrial applications, such as when PQ-2 is 
used as a levelling agent in electroplating [2,3]. 
Toxic oxyanions of heavy metals, such as chromates, pose potential health risks to humans and animals, even at minimal 
concentrations [4]. They are associated with health concerns, including nervous system impairment, renal issues, reproductive 
disorders, and carcinogenic effects [5]. Furthermore, these substances have the capacity to accumulate within the environment, 
thereby inflicting damage upon ecosystems. They have the potential to contaminate soil and groundwater, possibly leading to 
enduring impacts on flora and fauna [6]. 
This study provides an in-depth analysis of how hazardous chromate contaminants are adsorbed in the interlayer space of PEI-
modified montmorillonite, using both computational and experimental approaches. The main focus is on detailed structural 
investigations, including evaluating structural stability and the strength of hydrogen bonds within the systems. Furthermore, FTIR 
spectra were compared with vibrational modes derived from the vibrational density of states calculated via ab initio molecular 
dynamics (AIMD) to carefully examine overlapping bands among various functional groups. 
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A reliable prediction of the long-term performance of bentonite barriers in radioactive waste repositories requires a robust 
understanding of coupled thermo–hydro–mechanical–chemical (THMC) processes. The Tempera-Ton project comprises 
experimental investigations on the influence of temperature on the microstructure, permeability, saturation and swelling 
behaviour, transport and sorption properties, and mineralogical composition of bentonites MX-80 (Wyoming, USA) and B25 
(Bavaria, Germany). 
Quantitative and qualitative clay analyses, that contribute to the understanding of the THMC processes are highly sensitive to 
sample preparation and environmental conditions during storage and measurement. Even minor mineralogical changes during 
these processes can be significant; therefore, a reliable range of deviation in analytical procedures must be detectable and 
establish a baseline for future analysis. This is particularly critical for materials containing swelling clay minerals such as 
montmorillonite, where variations can introduce significant uncertainty with respect to precision and reproducibility. 



This study aims to establish a standardized workflow for the mineralogical characterization of bentonites to support subsequent 
project investigations. The workflow comprises qualitative and quantitative phase analysis by X-Ray Diffraction (XRD) and 
complementary measurements including Simultaneous Thermal Analysis (STA), cation exchange capacity (CEC), exchangeable 
cations, chemical composition by X-Ray Fluorescence (XRF) and soluble cations and anions. 
The approach was established through systematic comparison of sample preparation variables, including milling methods, 
controlled humidity equilibration, and standardized measurement protocols. All measurements were performed in triplicate to 
determine corresponding deviations. Our results for MX80 and B25, after storage at 53% RH and 20 °C for one week of 
equilibration, showed standard deviations of 0.1-0.2% for water content measured at 200 °C and 0.09-0.11 Å for basal spacing 
(d₀₀₁), reaching the 1W and 2W hydration states, respectively. In the ethylene glycol saturation experiment, MX80 and B25 
required at least 48 h at 60 °C to achieve full expansion of basal spacing (d₀₀₁ = 17.0 Å). In comparison, values of 16.8 ± 0.1 Å 
and 16.9 ± 0.1 Å were obtained after 24 h. The standard deviation of the CEC values ranged from 0.7 to 1.2 cmol(+)/kg. The STA 
results of MX80 and B25 showed a major mass loss of 9.80 and 11.27% respectively and standard deviation of 0.12-0.14% at 
250 °C, due to the dehydration of smectite. MX80 exhibits a dehydroxylation temperature between 704-707 °C, whereas B25 
showed a lower range of 516-521 °C. The mass loss associated with dehydroxylation was 4.24 ± 0.03% for MX80 and 4.40 ± 
0.05% for B25. The overall small deviations across all measurements confirmed high reproducibility and reliability. 
Future outlook comprises further mineralogical investigations, including the presence of illite/smectite (I/S) interstratifications, as 
suggested by preliminary results from textured XRD samples of bulk B25. This work will include size-fractionated materials with 
results compared to Transmission Electron Microscopy (TEM) analysis (Mählmann et al., 2024, THMC Final Report). In addition, 
quantitative phase analysis of MX80 and B25 is currently being carried out to enable comparison with STA and XRF results, 
supported by complementary data from ICP-OES, IC, and conductivity measurements, which are also being processed. 

 
Structural and spectroscopic characterization of montmorillonite modified with poly(2-n-alkyl-2-
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Poly(2-oxazoline)s (POxs) are non-ionic polymers suitable for different bio-applications. Composites of montmorillonite (Mt) and 
poly(2-methyl-2-oxazoline) (PMeOx), poly(2-ethyl-2-oxazoline) (PEtOx) and poly(2-propyl-2-oxazoline) (PPrOx) were prepared 
for the first time and the effect of polymer loadings and the side chain length on the adsorption and structural characteristics was 
examined. The interlayer space of Mt increased with increasing POxs loading from 0.5 to 5.0 mmol⋅g–1. Gradual transformation 
of the polymer chain arrangement from monolayer to bilayer up to pseudotrilayer was observed for individual polymers in 
dependence on the side chain length. The intensities of the bands related to the vibrations of the C=O and CH groups increased 
with rising amounts of polymers. A slight shift of the bands position reflected the transition from disordered to more ordered 
polymer arrangement. The thermal stability of PMeOx-Mt at elevated temperatures was determined by thermogravimetric 
analysis. The first mass loss (~90 °C) is related to desorption of water. Second and third around 370, 450 °C is attributed to the 
degradation of intercalated PMeOx. The fourth mass loss of the organoclay, at a temperature of around 540 °C, was ascribed to 
the oxidation of carbon soot, or the in-situ creation of condensed polymeric species by partial thermal decomposition of 
polyoxazoline. Unexpected and very high adsorption of POx on Mt interlayer and outer surfaces, markedly exceeding the CEC 
of Na-Mt, was discovered for the first time. Adsorption isotherms of polymers revealed a sharp increase in adsorption at low 
polymer loadings. When the surface of Mt was saturated with POxs, a plateau not changing with the loading of the polymer 
appeared. The high adsorption of various polyoxazolines was found for PMeOx (353 mg·g–1) followed by PEtOx (383 mg·g–1), 
and PPrOx (355 mg·g–1). 
The authors acknowledge financial support from the Slovak Research and Development Agency (project No. APVV-23-0635) 
and Slovak Grant Agency VEGA (No. 2/0026/23). 

 
Stable potassium isotope fractionation by clay minerals: An experimental and theoretical approach to the 

modern seawater K isotope signature 
Bishwas Nautiyal, Marek Szczerba, Arkadiusz Derkowski, Artur Kuligiewicz 
Institute of Geology Polish Academy of Sciences, Poland; ndnauti@cyf-kr.edu.pl 

The carbonate-silicate cycle is the primary long-term geological mechanism for the removal of atmospheric CO2, while keeping 
global warming in check (Amiotte Suchet et al., 2003). While continental weathering ultimately results in trapping of CO2, a 
counteractive process that results in the release of this trapped CO2 back into the atmosphere has been described as reverse 
weathering, or, from the mineralogical perspective, the formation of authigenic marine clay minerals. The weathering results in 
the release of alkali earth cations, creating an influx in the global geochemical budget. These cations are partially trapped in the 
structures of secondary mineral phases like phyllosilicates (Chen et al., 2020, Teng et al., 2020). With advancements in mass 
spectrometry, focus on non-traditional isotopes of these alkali earth cations (like Li, Mg, Ca, etc.) has increased as potential 
tracers for continental weathering. Potassium is particularly interesting due to its abundance in silicate rocks, mobility, and the 
ability to be incorporated into secondary mineral phases; it acts as an excellent tracer for both ends of the weathering cycle. 
Recent high-resolution measurements of K isotopic variation have shown a significant offset of 0.6‰ between the bulk silicate 
Earth and modern oceans. Despite efforts in the field (see Farkas et al. 2025), the reasons for this discrepancy remain largely 
unexplained. 
This contribution aims to present the aims and preliminary results of a new project launched at the Institute of Geological Sciences, 
Polish Academy of Sciences, in the field of stable potassium isotopes. The project combines potassium adsorption experiments, 
potassium leaching experiments, and ab initio calculations with the aim of providing a consistent framework for the interpretation 
of δ41K measurements of marine sediments and weathering profiles. The adsorption and desorption experiments will be 
conducted with pure, monomineralic samples, which will allow for the avoidance of interpretational challenges encountered in 
studies involving multiphase systems. The focus will be on systematic evaluation of the fractionation factor during K adsorption 
as a function of the layer charge and fluid composition. Similarly, leaching experiments that will involve various K-bearing 
phyllosilicates. 
The experimental part will be coupled with the ab initio calculations of K-fractionation factors of montmorillonite, vermiculite, illite, 
and glauconite following the methodology used by Zeng et al (2019). Equilibrium potassium isotope fractionation factors will be 
calculated using a first-principles approach combining density functional theory (DFT) and density functional perturbation theory 
(DFPT). Optimised crystal structures of K-bearing minerals will be used to calculate vibrational frequencies and partial phonon 



densities of states, from which reduced partition function ratios (β-factors) and equilibrium isotope fractionation factors will be 
derived. For aqueous K+, molecular dynamics (MD) simulations of K-H2O clusters will be performed to capture the dynamic 
hydration environment, and β-factors will be calculated from an ensemble of representative snapshots. The resulting fractionation 
factors quantify equilibrium 41K/39K partitioning between minerals and aqueous solutions as a function of temperature. 
The results of such an integrated approach will likely provide new insights into the mechanisms producing the K isotope 
fractionation in nature and will help to understand the discrepancy between the K isotope composition of the Earth’s crust, river 
waters, and seawater. 
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Mineral-organic interactions set thermodynamic boundary condition for the stabilization of soil organic matter. However, our 
understanding of exact conditions under which sorption physically or chemically prevents organic substrate use is still lacking. A 
critical knowledge gap remains regarding how mineral crystallinity, ranging from well-crystalline to poorly crystalline or amorphous 
phases, governs sorption thermodynamics. We hypothesize that minerals with lower crystallinity will display greater sorption 
affinity higher sorption strength and stronger sorption hysteresis. 
To test this hypothesis, we prepared and synthesized a suite of model minerals using distinct chemical pathways to vary 
morphology and crystallinity. Iron oxides included ferrihydrite synthesized via rapid precipitation, alongside five different goethite 
batches produced through both acidic and alkaline aging pathways to vary crystal aspect ratios. Aluminium oxides encompassed 
crystalline boehmite and gibbsite, as well as an unorganized amorphous aluminium hydroxide precursor., alongside soil-extracted 
mineral fractions and both purified and acid activated illite and kaolinite. X-ray diffraction (XRD) was used to confirm mineral 
identity and phase purity. Scanning electron microscopy (SEM) was used for morphological characterization of minerals. Specific 
surface areas were determined by BET nitrogen adsorption. Reactive site densities will be quantified via phosphate probing 
Batch sorption-desorption isotherms of citric acid, glucose, and phenylalanine as model substrate to the nine minerals provided 
the Freundlich coefficient Kf-used as approximation for sorption strength. The sorption-desorption hysteresis will be characterized 
according to the method described by (Borisover 2021). Concentrations will be measured using a Total Organic Carbon (TOC) 
analyser. 
The synthesized minerals revealed sharp structural contrasts. The goethite batches displayed highly variable acicular (needle-
like) habits, ranging from long, elongated crystal networks down to short, stubby, almost granular crystals. In stark contrast, the 
poorly crystalline ferrihydrite lacked geometric crystal faces entirely, appearing instead as a highly porous mesh of ultra-fine, 
spherical aggregates. Pronounced morphological differences were also observed between the aluminium minerals; gibbsite 
developed into large, well-defined, stacked crystalline nanoplates, whereas the amorphous aluminium hydroxide presented only 
as an unorganized, ultra-fine particulate matrix. Oxide surface areas ranged from 31.7 m2/g for well-crystalline phases to 288 
m2/g for the less-crystalline, high-surface-area minerals. 
Our findings will precisely quantify the sorption affinities and capacities of contrasting mineral phases, providing a thermodynamic 
baseline for future experiments investigating the desorbability of mineral-associated organic matter for microbial turnover 
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Kaolinite and talc are traditionally classified as non-swellable clay minerals. Unlike swellable smectite, these minerals were long 
assumed incapable of sustaining interlayer water under geological conditions. However, their super-hydrated phases have been 
experimentally documented as stable under high-pressure conditions: 10 Å d-spacing phase of kaolinite forms at ~2.5 GPa and 
200°C (corresponding to ~75 km depth), and 10 Å phase of talc forms at ~5 GPa and 500°C (~155 km depth). A 15 Å d-spacing 
phase of talc was further identified under alkaline saline water conditions at 3.0 GPa and 350°C (~90 km depth). These super-
hydrated phases exhibit exceptional water intercalation capacity (29–31 wt% H₂O), thus revising our understanding of hydrous 
mineral roles in deep-water cycling. Sequential breakdown of these phases at greater depths releases water that influences 



magma generation and seismicity patterns in subduction zones. Despite the geodynamic significance of these hydrated phases, 
their molecular-scale mineral-water interface structure and pressure-dependent behavior remain largely unexplored. 
In the current study, we employed grand canonical Monte Carlo (GCMC) and molecular dynamics (MD) simulations to 
characterize interlayer water structure and frictional properties across a range of pressures. MD simulations found that kaolinite 
and talc delaminate upon water intercalation at ambient pressure, but stabilize when confining pressure exceeds 1 GPa, with 
interlayer water structure becoming progressively more ordered as pressure increases. GCMC simulations successfully 
reproduced the experimentally observed 10 Å d-spacing phase of kaolinite at ~2.5 GPa. For talc, we reproduced both the 10 Å 
phase and the recently observed 15 Å phase. In MD simulations, the 10 Å talc exhibited two distinct stacking modes (phlogopite-
type and talc-type), with significantly different interlayer water structures and hydrogen-bonding networks. The 15 Å d-spacing 
corresponded to approximately three layers of intercalated water molecules, consistent with experimental observations of ~60% 
expansion. We further identified a previously unreported hydrated phase of talc at 12 Å d-spacing, expanding the computational 
characterization of this mineral's hydration sequence and suggesting a potential intermediate phase during the 15 Å → 10 Å 
transition. 
Frictional properties of the super-hydrated phases were calculated using non-equilibrium MD simulations of basal (001) surfaces 
sliding under controlled normal loads. Interfacial water in smectite is generally recognized as a lubricant at the mineral interfaces, 
reducing friction upon layer expansion. However, our results reveal that intercalated water in super-hydrated kaolinite and the 10 
Å phase of talc increases frictional forces under elevated pressure conditions, while the 15 Å phase talc maintains the reduced 
frictional force across the pressure range studied. The frictional behavior of super-hydrated clay minerals is likely governed by 
the pressure-dependent interplay between interlayer water structure, hydrogen-bonding dynamics, and layer registry rather than 
by water content alone. As confining pressure increases, progressive ordering of interlayer water into ice-like structures and 
strengthening of hydrogen-bonding networks enhance interlayer coupling in kaolinite and 10 Å talc, leading to friction 
strengthening. Our results indicate that super-hydrated kaolinite and 10 Å talc likely promote friction strengthening rather than 
lubrication under high-pressure relevant to subduction conditions. 
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XRD measurements of non-confined liquid water hydration of smectite – experimental setup and hydration dehydration 
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The hydration behaviour of smectites plays a critical role in assessing the performance of sealing and barrier bentonite buffers in 
environmental and radioactive waste storage applications. The retention and/or transport of water by smectites is based on their 
swelling properties, which, at a structural level, are determined by the size of their interlayer space. Monitoring of the interlayer 
space of hydrated smectite powders is usually performed via X-Ray diffraction (XRD) measurements in controlled relative 
humidity conditions using water vapour, or in volume-confined cells using liquid water. Neither approach allows the full hydration 
potential of the interlayer to be measured. The first approach is limited to water vapour only, and not to liquid, whilst the second 
limits swelling due to the limited volume of the measuring cell. Therefore, this study aimed to develop a method to measure the 
XRD patterns of liquid-saturated oriented samples of smectite in a free swelling system, eliminating the mechanical constraints 
of a measuring cell 
The experiments were performed using SCa-3 (“Otay”) smectite saturated with Mg2+ or Ca2+ ions. The sample suspension was 
deposited on a high-porous ceramic plate. After the excess water has soaked through the plate it was measured the first time to 
check the quality of the pattern (HYD) The pattern of a dehydrated sample was measured after heating it to 100 or 200 °C (-100 
or -200 suffix in sample abbreviation) in an oven for 14h (DEH). To avoid air induced hydration, the plates were wrapped in capton 
foil. Afterwards, the plates where exposed to equilibrate by removing the foil for at least 2h under room temperature (20-24°C) 
and RH at 30-50% (EQ). Finally, the sample was rehydrated by putting the plate in a shallow plastic container and adding water, 
providing in situ liquid saturation by infiltration from the bottom through the ceramic plate and allowing the sample to swell without 
any mechanical constrains (REH). The near surface RH was kept at 100%, and the setup prevented evaporation from the surface. 
DEH and REH were repeated in three cycles. This approach prevented the sample from heat or liquid induced mechanical 
damage. The XRD patterns of samples were collected repeatedly, until the sample was equilibrated. Gravimetric analyses were 
carried out to quantify the overall water content in the ceramic plate and the sample material after each step.  
Infiltration during REH proceeded evenly across the entire surface of the sample, as evidenced by the change in the film’s colour. 
Capillary draw did not cause excessive water accumulation on the plate’s surface, which would have distorted the resulting XRD 
pattern. The d(001) reflections were positioned at 11,5-15-18,8 Å (Ca-SCa-3-100), 9,8-15,2-19 Å (Ca-SCa-3-200), 12,6-15,2-19 
Å (Mg-SCa-3-100) and 9,9-15,1-19,5 Å (Mg-SCa-3-200) for DEH-EQ-REH samples within the first cycle. Hence, all the samples 
exhibited 3W-(1-)2W-3W transitions. The samples showed slightly larger interlayer space in REH, compared to HYD. The 
rehydration was much faster with liquid water compared to water vapor (ca. 2 hours at room temperature, RH = 30%) (Rybka et 
al., 2025) – during the REH stage, the d(001) has shifted to its initial position within the timeframe of the first measurement (11 
mins), followed by the slower, however not always complete, restoration in shape (intensity and FWHM, especially in Mg-SCa-3-
200), suggesting the rearrangement of water molecules in the interlayer. 
Unlike conventional vapor-phase or confined approaches, this method enables investigation of smectite hydration in direct contact 
with liquid water under free swelling conditions, bridging the gap between laboratory measurements and natural field conditions, 
mimicking the natural water saturation process. 
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Chernozems are the most fertile soils in the world. They are the main soils for cereal production their economic and social 
importance is enormous. Chernozem soils cover one-fifth of Hungary’s land area, and, together with brown forest soils, are 
considered the major soil types. They are severely affected by soil degradation, especially loss of organic matter, erosion, 
compaction and structural breakdown. Moreover, since Chernozem is the typical soil in the lowland regions – where precipitation 
is below average and evaporation is higher – these soils are particularly sensitive to climate change and are severely affected by 
drought. It has become crucial to thoroughly understand the factors that influence soil moisture in order to manage the soil 
properly. Beside soil organic matter (SOM) clay minerals are the main constituents in the water uptake and retention. In this 
study, we present the mineralogical and clay mineral characteristics of several soils from the Hungarian Great Plain. Our goal is 
to use this information, along with micrometeorological monitoring data, to support the numerical modeling of soil moisture 
dynamics. 
The studied soils represent typical Calcic Chernozems, as well as various transitional soil types. The intermediate nature may be 
caused by the impact of water resulting Gleyic and Vermic subtypes of Calcic Czernozem, by leaching, or, conversely, by the 
steppeification of forest soil forming Mollic Castanozem/Phaeozem soils. 
The chernozemic soil profiles exhibit both common and distinct mineralogical characteristics. These differences reflect variations 
in parent material (loess, resedimented loess, sandy loess), forest or grassland character, and hydrological conditions, and are 
best understood through vertical (bottom-to-top) mineral transformations. 
In most profiles, the deepest horizons (C and lower B) are characterized by high carbonate contents, with calcite and dolomite 
often exceeding 30%. These carbonates decrease progressively upward due to leaching, in some cases disappearing entirely in 
the upper horizons. This decalcification is accompanied by a relative increase in silicate minerals, particularly quartz. 
Clay mineralogy shows systematic vertical trends. In deeper horizons, especially in Calcic Chernozems, clay minerals tend to 
display a more smectitic character, often occurring in mixed-layer illite-smectite (I-S) with higher ratio of swelling components. 
Upward, there is a gradual increase in illite content, indicating progressive illitization and stabilization of clay minerals under better 
aerated and more weathered conditions. In parallel, kaolinite may decrease upward in some profiles, while chlorite can either 
remain stable or increase slightly toward the surface, depending on the parent rock local pedochemical conditions. 
Distinct differences can be observed between WRB types. Mollic Castanozem/Phaeozem-type soils exhibit stronger clay 
illuviation and more pronounced smectite accumulation in subsurface (Bt) horizons. This results in a clearer vertical differentiation, 
including transitional zones where smectite-rich horizons are overlain by more illitic horizons. In contrast, Calcic Chernozems 
tend to maintain a more uniform illite dominance, with less pronounced clay translocation and more persistent carbonate presence 
in deeper layers. In a well-developed, deep Calcic Chernozem profile, the mixed-layer illite-smectite shows a clear vertical 
transformation from bottom to top: in the B horizon (100–160 cm), the I-S contains only about 20–25% illite layers, indicating a 
smectite-rich, highly expandable character; upward in the AB horizon (50–100 cm), the illite proportion increases to 35–40%, 
reflecting partial illitization; in the A horizons (0–50 cm), the illite content reaches ~45%, marking a shift toward a more illite-
dominated, less expandable structure. 
These mineralogical similarities and differences have direct implications for soil moisture retention. Smectite-rich horizons, 
particularly in transitional Castanozem/Phaeozem profiles can retain larger amounts of water. Illite-dominated horizons, typical of 
many Calcic Chernozems, presumably exhibit moderate water retention influenced by the smectite ratio in I-S. 
While all profiles fall within the range of chernozemic soils, they correspond to distinct mineralogical pathways. These variations 
– especially the balance between smectite and illite – control not only pedogenic differentiation but also the soils’ hydrophysical 
behavior, particularly their capacity to retain and transmit moisture. The clay mineral character of chernozemic topsoil is 
definitively illitic. It is probable that the formation of illite in Chernozems is due to both natural (wetting and drying cycles) and 
anthropogenic (fertilisation, cultivation, irrigation) causes, but the details of these processes are still unclear. 
This study was supported by the Rector’s Research Grant of the University of Pécs (project no. 003_2025_PTE_RK/59). 
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The functionalization of clay minerals with organosilanes involves the formation of covalent bonds between the organic and 
inorganic components. These reactions occur predominantly at broken bonds at the edges of smectite layers, where hydroxyl 
groups act as reactive sites for silylation. Organosilanes are covalently attached to the clay surface through condensation 
reactions with surface silanol (Si–OH) groups rather than ionic interactions or physical adsorption. Such modifications facilitate 
the development of hybrid materials with enhanced properties, making them effective adsorbents for environmental remediation 
applications [1-3]. Grafting efficacy is influenced by parameters such as organosilane concentration, temperature, and solvent 
environment; besides selecting the appropriate conditions to ensure successful grafting. 
In this work, the modification of natural montmorillonite (deposit Kopernica, Slovakia) and synthetic hectorite Sumecton SWN 
(Kunimine Industries, Japan) was investigated using (3-aminopropyl)triethoxysilane (APTES) through different procedures. The 
first method involved adding pre-hydrolyzed APTES to a smectite-water dispersion with pH adjusted to 5 to prevent APTES self-
polymerization. In the second procedure, a smectite was dispersed in ethanol under reflux conditions, and ammonium hydroxide 
was introduced to enhance hydrolysis and promote APTES polymerization on the surface of the smectite. The procedure resulted 
in the powder materials of various appearances. The modified smectites altered in a water medium transformed into crystalline 
powders, whereas those in ethanol produced brittle particles. 
The silane-based phase content was determined using thermal analysis via mass loss within the temperature region 200-550°C. 
The highest content (near 9%) was detected for the APTES-SWN sample, while the mass loss in the APTES-Kop was much 
lower (4%). Using reflux conditions for silylation resulted in a mass loss of 6% for SWN, while 4% was reached for Kop. An 
interesting observation in DTG profiles was the shift of the layer dehydroxylation process to higher temperatures for APTES-



smectite samples compared to pristine smectite. On the contrary, for samples silylated in ethanol as a reaction medium, no such 
effect was observed. Changes in the powder materials resulting from various preparation procedures were also evaluated using 
FTIR spectroscopy. New bands appeared in all modified samples, with differences in their position and intensity based on the 
smectite type and preparation method. APTES-SWN showed distinctive broad bands attributed to the silane phase at 1583 and 
1454 cm‒1. The low organic phase content in APTES-Kop resulted in very weak intensity bands at 1513, 1460, 1417 cm‒1. A 
lower intensity of the spectral bands in the region 1800-1300 cm‒1 was detected for samples prepared with ethanol for R-Kop-
APTES. Bands attributed to the silane phase differed from those of pure APTES, suggesting the development of new bonds or 
interactions within the silane phase upon its incorporation into smectite. Valuable insights about the presence of silane revealed 
the IR spectra in the region 8000-7000 cm‒1, in which the absorption bands of N-H are better resolved compared to the middle 
IR region. For the samples produced under reflux, the NH2 groups yield a clearly identifiable two-component band at 6533 and 
6480 cm⁻1 and at 4941 cm‒1 as the first overtone and combination mode of N-H vibration. From samples prepared through 
prehydrolysis of the organosilane, only Kop-APTES showed such a band, but the position was at lower wavenumbers (near 6384 
cm‒1). 
The results showed that the reaction medium influenced the structural characteristics of the modified materials, and the silylation 
process occurred in different manners depending on the type of smectite and the preparation procedure. 
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The rapid emergence of antimicrobial resistance and associated infections has raised the demand for advanced antimicrobial 
materials, especially in the biomedical field. Surface active antimicrobial materials are particularly attractive since they localize 
functionality at the interface where microbial adhesion and biofilm formation take place. This study presents the preparation and 
characterization of a surface functionalized hydrogel composite that incorporates a thin photoactive organoclay layer at the 
hydrogel interface. In contrast to conventional bulk immobilised hydrogel – photosensitiser (PS) systems, where the PS is 
distributed throughout the hydrogel matrix and partially available at the interface, the proposed architecture concentrates the 
photoactive molecules within a continuous surface layer. This design maximizes PS utilization, light accessibility, and 
antimicrobial efficiency while maintaining the bulk properties of the matrix gel. 
Photoactive thin films were prepared via vacuum filtration of organoclay dispersions loaded with the PS phloxine B (PhB), followed 
by casting a poly (vinyl alcohol)-glycerol based hydrogel precursor onto the freshly prepared films. During the crosslinking 
process, the hydrogel precursor infiltrated the porous organoclay network, resulting in the formation of a mechanically integrated 
continuous composite layer of a thickness of 30–40 μm. 
The morphology, structure and surface chemistry of the precursor films and hydrogel composites were characterized using 
electron and visible microscopy, energy-dispersive X-ray spectroscopy (EDX), micro-X-ray tomography, X-ray photoelectron 
spectroscopy (XPS), X-ray diffraction (XRD), and infrared spectroscopy (FTIR). These analyses confirmed the formation of a well 
incorporated composite interface and proved the localization of organoclay and PS components at the material surface. The 
photophysical properties of immobilized PhB were investigated using UV–Vis diffuse reflectance spectroscopy, steady-state 
fluorescence spectroscopy, and time-resolved luminescence measurements. Results indicated that PhB retained its characteristic 
optical behaviour in the composite environment. However, fluorescence quenching was observed in the composites compared 
to the films, which may be due to altered molecular interactions and the more rigid, polar microenvironment. 
The composite surfaces exhibited hydrophilic nature and pronounced light-activated antimicrobial activity against Staphylococcus 
aureus EDCC 5055. Upon irradiation with green laser, the material reached more than >5 log10 reduction compared to the non-
photoactive hydrogel control. The antimicrobial performance may be attributed to a synergistic stimulus-responsive mechanism 
involving the organoclay carrier, immobilized PhB, and light activation. This surface-localized architecture offers a versatile and 
scalable platform for next-generation photoactive antimicrobial interfaces and related biomedical applications. 
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The fabrication of functional organic-inorganic hybrid nanomaterials by encapsulating organic luminophores within layered 
silicates has emerged as a leading strategy for designing advanced optical devices, sensors, and photochemical systems. 
Smectites are particularly attractive hosts due to their high specific surface area, swelling properties, and cation exchange 
capacity (CEC). However, planar fluorophores such as boron-dipyrromethene (BODIPY) dyes frequently suffer from aggregation-
caused quenching (ACQ) when immobilized on solid surfaces or confined within narrow interlayer spaces owing to enhanced 
local concentration and strong intermolecular π-π stacking interactions. To circumvent this limitation and take advantage of the 
structural constraints of the clay matrix, a deeper understanding of host-guest electrostatic interactions and molecular 
organization kinetics is required [1]. 
In this study, we present a comprehensive synthesis and photophysical evaluation of a structural library comprising 25 distinct 
BODIPY derivatives systematically modified at the meso-position. All BODIPY molecules were characterized by proton, carbon 
and fluorine NMR, FTIR and mass spectrometry. This chemical diversity was designed to investigate how variations in steric bulk 
and molecular charge dictate the arrangement and optical performance of the dyes within the smectite galleries. The host matrix 
chosen for this work was Sumecton SA, a well-defined synthetic saponite with a uniform trioctahedral sheet structure and 
reproducible layer charge density, minimizing the structural heterogeneity often found in natural clay samples. 
Hybrid material formation was achieved via adsorption from solution. To elucidate the dynamics of the intercalation process, the 
host-guest mixtures were monitored continuously over 24 h using UV-Vis absorption and fluorescence emission spectroscopy. 
The kinetic profiles revealed a marked, charge-dependent divergence in photophysical behavior during the early stages of hybrid 
assembly: 
Cationic BODIPY derivatives exhibited immediate and severe fluorescence quenching upon introduction to the saponite 
dispersion. This rapid drop in emission intensity suggests that strong electrostatic attraction to the negatively charged silicate 
sheets induces instantaneous high-density surface loading, promoting rapid intermolecular pairing, H-aggregation, or unfavorable 
tilted orientations that open non-radiative decay pathways. 
Neutral BODIPY Derivatives: Conversely, the neutral derivatives displayed a unique "rise and fall" kinetic profile. During the first 
hour of adsorption, there was a marked increase fluorescence emission. This initial phase is attributed to a matrix-induced 
isolation effect, in which the saponite galleries effectively segregate the guest monomers, restricting their rotational degrees of 
freedom (thus reducing non-radiative loss via meso-rotor dynamics) without inducing aggregation. However, after this one-hour 
threshold, emission gradually decreased over the following 24 hours, indicating a slow molecular reorientation or ongoing diffusion 
deeper into the galleries, which eventually leads to closer packing and subsequent self-quenching. 
These insights into the transient photophysical states of clay-dye hybrids demonstrate that host-guest charge matching is as vital 
as steric design when optimizing luminescent clay materials. By mapping the behavior of two distinct derivatives, this work 
provides a predictive framework for using synthetic saponites as templates for controlled molecular organization, opening new 
avenues for highly emissive solid-state clay architectures. 
[1] - Ishida, Y., Shimada, T., Masui, D., Tachibana, H., Inoue, H., & Takagi, S. (2011). Efficient excited energy transfer reaction 
in clay/porphyrin complex toward an artificial light-harvesting system. Journal of the American Chemical Society, 133(36), 14280–
14286. https://doi.org/10.1021/ja204425u 
[2] - Arbeloa, F. L., Martínez, V., Prieto, J. B., & Arbeloa, I. L. (2002). Adsorption of Rhodamine 3B dye on Saponite colloidal 
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Long-term indwelling cannulas provide an ideal surface for microorganisms, which form resilient biofilms on them that protect 
bacteria from both the effects of antibiotics and the host's immune system. This protective coating serves as a permanent source 
of infection, releasing bacteria into the bloodstream and leading to difficult-to-treat nosocomial infections. Currently, much 
attention is being paid to developing surfaces that prevent biofilm formation. N,N,N-trimethyl chitosan (TMCH) is an antibacterial, 
biocompatible, biodegradable, and highly bioadhesive polymer. TMCH, along with two smectites with different cation exchange 
capacities (CEC), was used to prepare hybrid systems via the layer-by-layer (LBL) method. To increase the antibacterial 
effectiveness of the selected thin film, Thymol (Th), known for its broad-spectrum antibiotic activity, was used. Hydrophobic Th 
can interact with hydrophilic TMCH via CH3 groups, thereby forming hydrophobic microdomains. The objective of the study was 
to develop thin films based on smectite, TMCH, and Th that have the potential to inhibit biofilm formation. TMCH was prepared 
by a two-stage quaternization reaction of chitosane with iodomethane. The reaction success was monitored by H-NMR and IR 
spectroscopy in the mid- and near-IR regions. Two smectites were used to prepare hybrid films: Sumecton SA (S; CEC = 0.72 
mmol/g) and montmorillonite Lutila from a new Slovak deposit (Lu; CEC = 1.14 mmol/g). The polypropylene glass (PP), used as 
a substrate for LBL films, was activated by DCSBD plasma for 20 s in ambient air and then put into TMCH solution. After activation, 
the PP was immersed in stock solutions of S or Lu, then in TMCH again, and this was designated as the first layer of the LBL 
film. Films were prepared by alternating layers of cationic TMCH molecules and negatively charged S and Lu until a total of 40 
LBL layers was achieved. Infrared spectra were measured by the ATR method after the deposition of each five layers. The most 
significant changes were observed in the 800–1200 cm-1 region. These changes were attributed to Si-O stretching vibrations of 
smectites and C-O stretching vibrations of TMCH. The intensity of the bands increased linearly up to 25 layers, after which the 
growth stopped. For this reason, the PP glass with 20 layers was reactivated by DCSBD plasma. After this step, the layers 
increased linearly up to the applied 40 layers. A more significant increase in the band area was observed for the film formed with 
Lu montmorillonite, which has a higher layer charge than S. This observation was also confirmed by SEM, which showed that Lu 
formed a thicker layer than S. The antibacterial activity of the prepared samples was tested, and it was observed that the more 



pronounced bacterial inhibition was observed for the TMCH-Lu sample. For this reason, TMCH-Lu was selected for further 
research on Th-containing thin films. The film was prepared in the same way as in the previous case, with the only difference that 
after each TMCH layer, the film was immersed in a Th solution. The presence of Th in the sample was observed by IR 
spectroscopy, where, compared to the TMCH-Lu sample, new bands or shoulders were observed near 1420, 1160, 945, and 807 
cm-1 and were attributed to the phenol ring and CH3 groups of Th. The antibacterial activity of the prepared sample was also 
tested, and a decrease in biofilm cell growth of S.a. from 32 % for Lu-TMCH to 14.4 % for the TMCH-Lu-Th sample was observed. 
It can be concluded that a thin film with the potential to inhibit biofilm formation was prepared. 
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Clay minerals are common rock-forming minerals that can form by fluid-driven alteration of silicate rocks and as authigenic 
sediments. Clay mineral compositions are valuable indicators of chemical, redox, and thermal conditions during the alteration of 
silicate rocks, and can trace pore water chemistry during sediment diagenesis. They also play an important role in cultural heritage 
studies, particularly in studies of ancient clay-based objects such as cuneiform clay tablets from Mesopotamia, which represent 
some of the earliest written records in human history [1]. 
Within the framework of a long-term project on the firing conditions of ancient clay tablets, we investigated the thermal behaviour 
of two dioctahedral phyllosilicate clay minerals: dickite (Al₂(Si₂O₅)(OH)₄) and pyrophyllite (Al₂Si₄O₁₀(OH)₂), using in situ 
temperature-dependent Raman spectroscopy. We additionally investigated the thermal behaviour of muscovite 
(KAl₂(AlSi₃O₁₀)(OH)₂), a dioctahedral phyllosilicate mica. Raman spectroscopy is a non-invasive and non-destructive technique, 
and is therefore widely applied in archaeology studies. In addition, it is particularly useful for studying clay phyllosilicates due to 
its sensitivity to dehydroxylation and its ability to detect amorphous material. 
In situ Raman spectra were collected up to the temperature at which a clear structural breakdown of the corresponding phase 
was observed. Dickite was measured up to 1000 K, while pyrophyllite and muscovite were measured up to 1400 K. 
Our Raman spectroscopic analysis showed that dehydroxylation of dickite begins at 750 K and completes at 900 K. Interestingly, 
at this temperature the framework of dickite is still observed and collapses into an amorphous aluminosilicate phase only at 950 
K. Both 2:1 dioctahedral phyllosilicates dehydroxylate at high temperatures and transform into crystalline phases among which 
mullite is the dominant one. The results from ongoing analyses of the Raman scattering data of pyrophyllite and muscovite will 
be discussed in detail. 
Our results elucidate contrasting thermal behaviour among dioctahedral phyllosilicates and provide insights into thermal 
transformation processes relevant to geoscience, while also improving our understanding of the thermal alteration of clay-based 
objects during firing in cultural heritage studies. 
[1] IRAQ (2017) 79 163–202 Doi:10.1017/irq.2016.10 
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The alteration of wall-rock during the formation of the Freiberg hydrothermal veins was investigated by Kühne (1967) and Rösler 
& Kühne (1970). Conclusions regarding the geochemical environment have been drawn and correlations between the 
mineralogical composition of the wall-rock and the vein paragenesis have been detected. These correlations were used to support 
the theory that the formation of the Erzgebirge hydrothermal veins and other mid European vein deposits occurred in two separate 
phases: the variscan and the post-variscan cycle. Recent dating (Ostendorf et al. 2019) of the veins shows younger ages (Permian 
and Cretaceous), but the conception of a two phased mineralisation persists. The research on the altered wall-rock on the other 
hand did not continue. Because the nomenclature of clay minerals developed greatly during the last few decades and critical 
information about the methods used by Kühne and Rösler is missing, it is of interest to investigate the clay mineral association 
related under modern analytical standards and to inspect the correlations between the wall-rock composition and vein 
paragenesis or rather the vein mineralisation cycle described in the literature. Clay gouges represent fitting observation objects 
of altered rock. They contain soft material in fissures at the vein walls in direct contact with the vein mineralisation. Clay gouges 
are discussed to consist mainly of grinded and pulverised wall-rock and may contain larger wall-rock fragments. Their spatial 
position makes a hydrothermal overprint very likely which includes the precipitation of vein minerals as well as fluid-rock 
interactions and clay mineral formation. 
As part of a master’s thesis several samples of clay gouges which are associated with veins of typical paragenesis were taken 
throughout the Freiberg mining district. The Inner Grey Gneiss with the monotone paragenesis qz-fsp-bt-ms is the most common 
wall-rock in the mining district and the immediate wall-rock of every sample. Typically, the 2M1 muscovite dominates over biotite, 
and (retrograde?) chloritic alteration of biotite was reported for this rock. The vein mineralisation is composed of quartz, 
carbonates or barite and fluorite as gangue minerals and contain a large variety of ore minerals like sulfides, Ag-Sb-minerals and 
hematite. The mineralogical composition of the gouge samples was investigated by X-ray diffractometry with focus on the 
identification and characterization of the contained clay minerals. Furthermore, possible correlations to the mineralisation types 
or cycles of the veins were determined by comparing sample groups. The samples consist mainly of quartz (wall-rock residual 
and/or hydrothermal precipitate) and dioctahedral mica (wall-rock residual and/or fluid-rock interaction) with multiple polytypes: 
1Md (disordered 1M), 2M1, 1Mt (trans-vacant 1M). All mica polytypes are contained in every sample and do not show obvious 
correlations to the vein paragenesis what is the major difference to the findings of Kühne and Rösler. From the refined lattice 
parameters, respectively from the d06,33 values, a low content of octahedral iron can be indicated. Investigations on oriented slides 



show that an uncertain amount of dioctahedral mica in every sample is of illitic composition and/or contains a small amount of 
swelling layers. Chlorite group minerals have not been found in the gouge materials unlike as reported for several wall-rock 
samples by Kühne and Rösler. Some clay gouge samples also contain kaolinite, smectite or illite-smectite interstratifications. 
These phases formed very likely due to fluid-rock-interactions and are more common for gouge samples related to veins of the 
second mineralisation cycle, but not as a strict regularity like as described in the literature. 
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Clays are used for various applications, particularly as barriers for municipal or nuclear waste disposal, and investigating the 
diffusion of water and solutes, representing the primary mechanism of mass transfer in natural clayey systems, is thus of particular 
importance [1]. 
According to existing literature, several factors influence the diffusion of water in porous clay media. The porosity factor ε is 
recognized as the most significant and widely acknowledged parameter, and its impact on the effective diffusion coefficients (De) 
is typically articulated through Archie's law [2]. Due to the large variations in De values proposed for a given porosity, it was found 
that porosity alone is not sufficient to accurately predict diffusion in clay rocks. Recently, an extended Archie model was proposed 
that takes into account the clay particle orientation <P2> for single-phase clay media [3]. To further extend this model to natural 
polyphasic clay media, two additional parameters also play a role in De values [4], which need to be taken into account: i) 
mineralogical composition (i.e., amount of clay and accessory minerals), and ii) phase organization (i.e., elongation of clay and/or 
nonclay mineral). 
To achieve this goal, virtual polyphasic two-dimensional samples/maps were generated, and the overall De values in both the 
horizontal xy and vertical z directions were computed using the CrunchODiTi reactive transport code. To generalize the role of 
mineralogical composition on De values, 48 virtual samples were created with a wide range of ε, <P2>, and nonclay grain content 
(NC). A similar approach was applied for generalizing the role of nonclay grain elongation (defined by the aspect ratio AR) as 
another diffusion-controlling factor by examining 36 additional virtual maps with three different AR values (1, 0.5, and 0.25). Due 
to some limitations of the AR parameter, such as its time-consuming experimental determination in natural clay samples, another 
index was proposed for describing the phase organization. This index, referred to as the Maier-Saupe ratio (MS), is obtained by 
applying a Fast Fourier Transform (FFT) on the generated virtual maps and analyzing the degree of phase anisotropy through 
the Maier-Saupe integration of intensity in the frequency domain. The De values obtained by the modified Archie relations 
proposed here for polyphasic clay media, based on either the AR or MS parameter, were compared with the measured data from 
through-diffusion experiments performed on a Callovo-Oxfordian clay sample in both directions [5]. A good agreement was 
obtained between the simulated and experimental Dexy and Dez values, validating the proposed relationships that include both 
mineralogical composition and phase organization. The developed Archie model for polyphasic clay media determined in this 
study is expected to increase the accuracy of water diffusion estimation in natural clay rocks. 
References: 
[1] Bourg IC, Tournassat C. (2015) Self-diffusion of water and ions in clay barriers. In Developments in clay science. Vol. 6, pp. 
189-226. Elsevier. 
[2] Van Loon LR, Soler JM, Jakob A, Bradbury MH. (2003) Effect of confining pressure on the diffusion of HTO, 36Cl− and 125I− in 
a layered argillaceous rock (Opalinus Clay): diffusion perpendicular to the fabric. Applied Geochemistry. 18(10):1653-62. 
[3] Ferrage, E., Hubert, F., Dabat, T., Asaad, A., Dazas, B., Grégoire, B., Savoye, S. and Tertre, E., 2023. Anisotropy in particle 
orientation controls water diffusion in clay materials. Applied Clay Science, 244, p.107117. 
[4] Robinet JC, Sardini P, Coelho D, Parneix JC, Prêt D, Sammartino S, Boller E, Altmann S. (2012) Effects of mineral distribution 
at mesoscopic scale on solute diffusion in a clay‐rich rock: Example of the Callovo‐Oxfordian mudstone (Bure, France). Water 
resources research, 48, W05554. 
[5] Bironneau N. (2024). Influence of clay particle orientation on water and anion diffusion anisotropy in rocks. Internship report, 
University of Poitiers, p. 32. 

 
Boundary conditions for high-quality extrusion of earth-based materials 

Kristina Primerano, Kais Bensenouci, Ellina Bernard 
Empa, Swiss Federal Laboratories for Materials Science and Technology, Laboratory for Concrete & Asphalt, Dübendorf, 

Switzerland; kristina.primerano@empa.ch 
Extrusion-based processing of earth materials is widely used in the conventional production of clay bricks due to its high 
throughput, reproducibility and high productivity. The extensive experience gained from extrusion technologies, particularly 
regarding rheology control, shaping behaviour, moisture management, and drying stability provides valuable knowledge for the 
further development of non-burnt bricks and for additive manufacturing (AM). In these processes, the balance between 
extrudability, shape stability, and final performance is influenced by complex interactions between material properties and process 
parameters. Clay materials are particularly suitable for extrusion due to their plasticity, which allows deformation under stress 
while maintaining shape after extrusion. However, achieving sufficient plasticity often requires high water contents, which can 
increase drying shrinkage and crack formation, thereby compromising mechanical performance. Successful extrusion requires 
the green mixture to exhibit low viscosity under high shear stress during extrusion, while rapidly developing high viscosity and 
stiffness after material deposition to ensure shape retention. 
Recent studies highlight that the extrudability of clay-based materials is controlled by the interaction between microstructural 
features and rheological behavior that is depending on the nature of the clay minerals. A simple characteristic to quantify its 
extrudability is the plasticity index (PI), which defines the moisture range in which the material can be deformed without failure, 
and which is commonly determined using Atterberg limits. Different required plasticity index values have been reported in the 
literature, whereby several studies classify clays with a PI of 10-20 % as having optimal properties for extrusion. The PI is strongly 
influenced by the mineralogical composition, particle size distribution and swelling behavior of the present clays, which makes 
these physiochemical properties crucial for both extrusion stability and post-process performance. It was also seen that the clay-
to-sand ratio appears to be an important parameter, which has an effect on both pumpability and extrudability of the mixture. 
Moreover, rheological parameters such as viscosity, thixotropy and yield stress determine the behavior under shear and the 



minimum pressure required to pump the material. These characteristics are strongly influenced by the type of clay present, with 
kaolin having e.g. a higher yield stress compared to montmorillonite. The incorporation of secondary materials such as sludges 
with different composition and characteristics further complicates the extrusion process by altering porosity, shrinkage behavior, 
and mechanical strength. In view of these challenges, a systematic understanding of the controlling parameters that 
simultaneously ensure good extrusion quality and favorable final properties is needed. 
This study aims to identify the key parameters influencing extrusion behavior and post-processing performance of extruded earth-
based materials. The approach combines detailed material characterization with controlled extrusion experiments and post-
extrusion analysis. Firstly, a detailed characterization of 10 materials (7 clay-rich materials and 3 sludges) was conducted, 
including mineralogical composition (from XRF, XRD, TGA), cation exchange capacity (CEC), methylene blue value (MBV), 
Atterberg limits (liquid limit, plastic limit, plasticity index), particle size distribution (PSD) and water retention properties. 
Subsequently, the materials were subjected to extrusion under varying process conditions (e.g., water content and extrusion 
pressure). Extrusion performance was evaluated in terms of process stability, flow behavior and shape retention at low water 
content. The extruded samples were analyzed in regard to drying behavior, shrinkage and crack formation over two months at 
controlled conditions. 
The results showed that information regarding the plasticity index of a material can be gained from the analysis of clay reactivity 
and that different methods for the assessment of material surface and reactivity show distinct correlations. Additionally, extrusion 
of mixtures with a target plasticity index of up to 40 % was possible, but shrinking needs to be controlled. 
Overall, this work provides a framework for understanding and optimizing extrusion processes for clay and clay-based materials 
for non-fired bricks. The findings provide data for assessing sustainable material formulations and the potential use of locally 
available clays and industrial by-products in extrusion-based construction systems. 
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The Alberta oil sands deposit (Canada) has the fourth largest oil reserves on the planet. The commercial extraction of bitumen 
from oil sands is based on (hot) water process. One of the most significant disadvantages of this process, in addition to the high 
water and energy consumption, is the production of large amounts of tailings material, which consists of sand, clays, unrecovered 
bitumen and water. Over the five decades of oil sands mining in Alberta, about 1.5 billion m3 of tailings material have been 
produced and this amount continues to increase. The oil sands tailings are deposited in sedimentation tailings ponds, where sand 
quickly settles to the bottom, while smaller particles (mostly clays and clay minerals) remain suspended in the water for a long 
time. After several years of sedimentation, a stable and gel-like suspension of fine-grained oil sands mature fine tailings (MFT) is 
formed. The consolidation rate of MFT is extremely slow and can take decades to centuries without intervention. After oil sands 
mining is completed, the oil companies must reclaim the tailings and integrate them into the surrounding terrain. Currently, 
dewatering and consolidation of MFT is probably one of the most challenging problems facing the oil industry. Over the past 
several decades, oil companies have investigated and implemented a number of tailings treatment technologies. Despite 
significant efforts by industry and academia, a commercial technology for rapid, efficient and economical dewatering and 
consolidation of MFT has not yet been developed. Although it is generally believed that clay minerals and/or residual bitumen 
may be largely responsible for the slow dewatering and low consolidation rates of MFT, their specific role in MFT dewatering and 
consolidation is still poorly understood. To better understand the influence of residual organic matter on MFT sedimentation, we 
compared the sedimentation of the initial MFT in its natural state with MFT after removal of residual organic matter through two 
different procedures: solvent-based and bleach-based extraction process. We also investigated the water sorption and water 
release capacity for each MFT settling layer which was formed during the sedimentation experiment. Preliminary results showed 
that bulk MFT samples consists of 67 wt.% of clay minerals (mainly kaolinite, illite and small amount of chlorite and illite-smectite) 
and 33 wt.% of non-clay minerals (mainly quartz, and small amount of feldspars and carbonates). Applying bitumen removal 
procedures (solvent and bleach-based) resulted in the settling of MFT solids to a substantially smaller volume (than before 
bitumen removal) due to the disaggregation of larger organic matter-clay aggregates into smaller particles. The settled solvent-
treated MFT solids had the smallest volume likely due to the smaller particle size and smaller relative amount of residual organics. 
The bleach-based bitumen extraction procedure of MFT samples led to the dissolution of siderite. The water sorption and water 
release in MFT samples were controlled by illite-smectite content. With increasing amount of illite-smectite in MFT samples, the 
water sorption and water release were higher. BET results indicated that the largest amount of water was sorbed on the finest 
clay-bearing MFT samples mainly in the mesopores which were likely distributed within clay aggregates. 
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This study evaluates the influence of elevated temperature on the mineralogical, geochemical, and geotechnical stability of BCV 
bentonite exposed to concentrated chloride solutions containing Na⁺, K⁺, Ca²⁺, Mg²⁺, and Fe²⁺. Conventional aerobic conditions 
were used for all suspensions except the FeCl₂-suspension, which was stored in a glovebox under an Ar atmosphere.The 
temperature conditions were selected corresponding to those expected in a deep geological repository, whereas the increased 
water-bentonite ratio concentrated solutions accelerated bentonite alteration processes. 
Temperature was identified as a key factor controlling the evolution of exchangeable cations and bentonite structure. The most 
pronounced temperature-dependent effects were observed in KCl systems, where elevated temperature promoted K⁺ fixation 



within smectite interlayers, reduction of the expandable structure, and partial illitization. These changes resulted in reduced 
specific surface area, lower suction capacity, increased hydraulic conductivity, and decreased swelling pressure. XRD analyses 
confirmed stabilization of reduced interlayer spacing at approximately d001 ≈ 12.3 Å under 95°C conditions. 
In NaCl systems, higher temperature enhanced Na⁺ exchange and colloid formation but had only limited impact on hydraulic 
conductivity and swelling pressure. Ca²⁺-rich systems remained comparatively stable, with temperature causing only minor 
changes in exchangeable Ca²⁺ and hydro-mechanical properties. Elevated temperature also increased Fe²⁺ incorporation into 
exchangeable positions under anaerobic conditions. 
The results demonstrate that temperature significantly accelerates cation-driven transformation processes in the BCV bentonite, 
especially in K-rich environments. The impact of temperature on bentonite stability strongly depends on the water-to-bentonite 
ratio and the surrounding geochemical conditions. Absence of concentrated solutions in the previous studies including BCV 
bentonite (heated in powder, suspension and compacted state at 150–200°C) reported dominantly fixation of exchangeable 
Mg²⁺compensated by exchangeable Ca²⁺ and particle stacking (Kašpar et al. 2021; Svensson et al. 2023; Šachlová et al. 2026). 
These phenomena were found partially reversible by subsequent rehydration experiments performed under suspension 
conditions (Koubová et. al. 2025). In contrast, compacted bentonite exhibits considerably higher resistance to thermal alteration 
due to restricted mass transport and lower water availability). Thermally induced alteration zones were located mainly at 
bentonite-heater interface (Svoboda et al. 2025). These observations suggest that, in addition to temperature, water availability, 
pore-water chemistry, and ion mobility are key factors controlling the long-term evolution of bentonite barriers. 
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Radionuclides such as ¹³⁷Cs and ⁶⁰Co are relevant contaminants associated with nuclear technologies and low-level radioactive 
waste management. In this study, metabentonite-derived geopolymer sorbents were evaluated for their ability to retain ¹³⁷Cs and 
⁶⁰Co using model aqueous solutions as a laboratory-controlled experimental system. The prepared powdered sorbents were 
characterized by X-ray diffraction and scanning electron microscopy, while ¹³⁷Cs and ⁶⁰Co retention was evaluated by batch 
sorption experiments using radiolabelled model solutions and scintillation gamma spectrometry. X-ray diffraction confirmed 
structural reorganization of the metabentonite precursor after alkaline activation, with residual quartz and montmorillonite phases 
still detectable together with newly formed secondary aluminosilicate phases. Scanning electron microscopy revealed 
agglomerated and heterogeneous geopolymer microstructures composed of plate-like mineral domains, supporting the formation 
of reactive clay-derived geopolymer sorbents. The sorption results demonstrated notable retention performance of the prepared 
geopolymer sorbents toward both investigated radionuclides. The most effective formulations retained approximately one half of 
the initial ¹³⁷Cs and up to about two thirds of ⁶⁰Co under the applied model conditions, despite the use of relatively concentrated 
radionuclide solutions and a low sorbent loading. While ¹³⁷Cs was present predominantly as monovalent Cs⁺, ⁶⁰Co occurred 
mainly as divalent Co²⁺, suggesting that the interaction of the radionuclides with the geopolymer sorbents was strongly affected 
by their ionic form and charge. These findings indicate that metabentonite-derived geopolymer sorbents can provide a promising 
inorganic platform for radionuclide retention. The combination of clay-based precursors, geopolymer formation and notable 
retention performance suggests their potential use as candidate materials for the immobilization of radionuclides relevant to 
radioactive waste generated by nuclear power plant operation, particularly in low-level radioactive waste management. 
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The combination of alkali activation of calcined clay precursors with biomass-derived biochar offers a route to hybrid geopolymer 
composites for the control of metal contaminants. In this study, biochar-functionalized metabentonite geopolymer composites 



were investigated as sustainable clay-based materials for Cd(II) and Zn(II) removal under controlled aqueous conditions. The 
biochar-containing composites were examined by scanning electron microscopy to assess the microstructural features of the 
developed biochar-functionalized geopolymer composites. Cd(II) and Zn(II) removal was evaluated by batch sorption 
experiments, with residual metal concentrations determined by atomic absorption spectroscopy. Scanning electron microscopy 
revealed heterogeneous and agglomerated geopolymer microstructures composed of plate-like mineral domains. In the biochar-
functionalized composites, biochar was observed as distinct angular particles with relatively smooth surfaces embedded within 
the geopolymer matrix, while fine geopolymer agglomerates were distributed around the biochar domains. The sorption results 
showed a clear composition-dependent removal behaviour within the biochar-functionalized geopolymer composite series. While 
the performance varied among the investigated biochar-containing geopolymer composites, this variability indicates that the 
immobilization efficiency was strongly influenced by the geopolymer formulation and activation conditions, rather than by the 
presence of biochar alone. Selected formulations achieved very high Cd(II) and Zn(II) removal from metal-bearing solutions. This 
indicates that the incorporation of biochar into calcined clay-based geopolymer composites can yield hybrid materials with strong 
affinity toward divalent metal ions. Overall, biochar-functionalized metabentonite geopolymer composites represent a promising 
class of sustainable materials for the immobilization of divalent metal contaminants. The combination of calcined clay precursors, 
geopolymer formation and biochar incorporation provides a material concept suitable for the development of environmentally 
oriented sorbents for contaminated water treatment and hazardous waste management. 
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In deep geological repositories for radioactive waste, corrosion of metallic waste and construction materials, as well as the 
degradation of organic substances will lead to the formation of H2, CH4 and CO2, respectively. Understanding of the gas-pressure 
evolution and transport is important to ensure that this will not compromise post-closure safety. Current gas transport models for 
MX-80 bentonite and Opalinus Clay (OPA) typically account for free gas occupying pore space and gas bubbles, as well as 
dissolved gas in porewater, while gas adsorption was not considered, due to lack of process understanding and experimental 
measurements under repository conditions. 
Physical gas adsorption can increase gas uptake in porous rocks, by increasing the molecular density on the gas-solid and gas-
liquid interfaces, resulting in gas contents exceeding those expected from compression and dissolution alone under a given 
pressure. The relative contribution of gas adsorption depends on gas type, temperature, pressure, mineralogy and water 
saturation. 
In the present work, representative powdered samples prepared from Opalinus Clay cores and MX-80 bentonite were investigated 
using CH4, CO2, Ar, and H2S, under relevant conditions (25 to 140°C, pressures up to 5 MPa), and progressively increasing water 
saturation up to full saturation, to better understand how the gases interact with the OPA and MX-80 bentonite. The measurements 
were done using a variety of custom designed and built for purpose Boyle’s Law experimental rigs. The total gas uptakes were 
then compared to modelled equilibrium gas solubility. Solubility simulations were performed using PHREEQC Interactive 
software. 
The results showed that gas adsorption behavior is gas-specific and strongly depends on experimental conditions including 
temperature, water saturation, and pressure. The gas adsorption capacity of MX-80 was consistently higher than OPA. For 
systems not fully saturated with water, gas adsorption was significant compared to gas solubility. With increasing water saturation, 
adsorption progressively decreased, approaching a dissolution-dominated regime. The present work contributes to understanding 
the gas fate and transport in deep geological repositories after closure and may further support refinement of transport and 
radiological dose calculations for gaseous C-14-bearing species, released from activated metals. 

 
Preparation of kaolin-wollastonite-based silicate ceramics and their characterization via X-ray diffraction, 
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Silicate ceramics from the system CaO-Al2O3-SiO2 (CAS) are frequently used in the form of light firebricks for high-temperature 
thermal insulation. Therefore the thermal cycling behavior and thermal shock resistance of these materials is of general interest, 
and for assessing these the elastic properties and their temperature dependences have to be known. The impulse excitation 
technique (IET) is a suitable tool for determining elastic properties and monitoring their temperature dependence during heating 
and cooling. Moreover, elastic properties can be predicted (analytically or numerically), as soon as the phase composition 
(including glass phase content and composition) and the porosity are known. 
In this contribution, funded by the Czech Science Foundation (grant no. 25-16482S), three types of mixtures have been prepared 
from kaolin (Sedlec Ia, Sedlecký kaolin, Czech Republic) and wollastonite (NYAD M1250, Imerys, Mexico) in weight ratios 80:20, 
50:50 and 20:80. Uniaxially pressed powder compacts have been fired to temperatures in the range 1100–1200 °C. Quantitative 
phase analysis of relative crystalline phase contents has been performed via X-ray diffraction (XRD) with the Rietveld method. 
The chemical composition has been determined via X-ray fluorescence analysis (XRF). The glass phase content and composition 
has been estimated via the standard-free amorphous minimum estimate (AME) approach, based on subtracting the oxide 
contents calculated from the relative crystalline phase contents determined via XRD from those determined directly via XRF and 
renormalizing the crystalline phase contents in a way to avoid negative oxide contents in the glass phase. 
After estimating the glass phase density via additive relations, the phase weight fractions are transformed into volume fractions, 
necessary for calculating the true density of the dense materials, which is compared to the result of helium pycnometry. In a 
similar way, the effective elastic properties of the glass phase are estimated according to additive relations and, using the phase 



volume fractions and elastic properties of the crystalline phases, the effective elastic properties of the dense materials are 
estimated via the multiphase Hashin-Shtrikman bounds. 
The porosity dependence of Young’s modulus is taken into account by upper bounds, a power-law relation, an exponential relation 
and a numerical benchmark relation for concave pores. Apart from this analytical modeling, the effective elastic properties of the 
materials are predicted via numerical modeling using the GeoDict® software package (Math2Market, Germany). Based on the 
bulk density of the porous materials, the total porosity is calculated from the true density of the dense material, compared with 
the open porosity and interpreted as a result of shrinkage and the kaolin-wollastonite ratio. For the kaolin-rich mixture (80:20), 
shrinkage and bulk density remain almost constant, and open porosity changes by only 7 %, when the firing temperature is varied 
from 1100 to 1200 °C. The firing temperature required for full densification is lowest for the 50:50 mixture (1150 °C) and 
significantly higher for both the kaolin-rich (80:20) and the wollastonite-rich (20:80) mixtures. A similar sequence is observed for 
Young’s modulus, which is highest (80 GPa) for materials prepared from the 50:50 mixture, lower (70 GPa) for those from the 
(wollastonite-rich) 20:80 mixture and even lower (40 GPa) for those from the (kaolin-rich) 80:20 mixture. This correlates well with 
the porosity of the different materials but is of course influenced also significantly by the phase composition. 
The temperature dependence of Young’s modulus has been determined via the impulse excitation technique (IET), using 
commercial IET equipment (RFDA13 / HT1600, IMCE, Belgium), from room temperature to 1170 °C during heating and cooling. 
The results show that materials prepared from the 50:50 mixture exhibit an abrupt onset of glass phase softening at 850 °C, while 
for the other two mixtures the onset of glass phase softening is more gradual and shifted to higher temperatures (> 1000 °C). In 
contrast to the materials prepared from the 50:50 mixture and the (wollastonite-rich) 20:80 mixture, which both exhibit a decrease 
in Young’s modulus with increasing temperature and no indication of a cristobalite transition, the material prepared from the 
(kaolin-rich) 80:20 mixture does not show any decreasing trend of Young’s modulus up to 600 °C but instead shows a clear 
indication of the cristobalite transition around 200 °C. In all cases, heating curves are very similar to cooling curves, without any 
indication of damage after thermal cycling. 
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The Opalinus Formation from southern Germany together with similar clay rich formations from northern Germany are used as 
models for potential selection criteria for radioactive waste storage. This study is part of the multidisciplinary TRANSFER 
Graduierten Kolleg project investigating the impact of spatial and temporal heterogeneities on radionuclide retention in a broad 
sense to help with the selection criteria. 
In this preliminary study we collected Opalinus samples from the BGR Hondingen SEPIA core to evaluate the transferability of 
Swiss repository grain size and mineralogy data to German Opalinus Clay deposits. We wanted to know if the Opalinus Formation 
was a mudstone or claystone through grainsize analyes, using size separation and laser particle size determination. We used 
both definitions of what clay size is: less than 2 micrometer and less than 4 micrometer, From the grainsize analyses it is more a 
mudstone rather than a claystone. However the mineralogy of the silt size contains a large amount of phyllosilicates which pushes 
it closer to into the claystone corner. 
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The utilization of green waste composts is of high interest in growing media industry due to the negative consequences of the 
use of peat and large amounts of green wastes available. However, due to the poor quality of many green waste composts, their 
use in growing media industry is still rather low. Common problems arise from the heterogeneity of green raw materials affecting 
product quality, poor water availability to plants, risk of salt stress, high pH, and not at least problems with N stability, where 
fertilized N in growing media is utilized by microorganisms and not available to plants. For obtaining green waste composts with 
a maximum positive effect on N stability we added clays from different petrographic origins before composting of green wastes 
in order to facilitate (i) an extensive formation of stable clay mineral-organic associations (chemical stabilization) and (ii) reduced 
accessibility of the organic matter (OM) for microorganisms by covering OM with the platy clay minerals (physical separation). 
Our assumption is that hereby clay minerals have a decisive role for the protection of plant OM and microbial necromass against 
degradation by microorganisms and limit microbial colony expansion. Upon addition clay to green wastes before composting in 
amounts adjusting 40 kg clay /m³ in the resulting compost, low amounts of water dispersable clay were observed already after 3 
days, indicating that clay minerals were strongly associated with organic compounds by the activity of microorganisms. Separation 
of density fractions revealed that a high share of mineral-organic associations with a low C/N ratio formed, suggesting a significant 
role of mineral-organic associations on the total N balance of composts. The formation of clay mineral coating on poorly 
degradable OM compounds in the mature compost, clearly visible in SEM images, appears to be an important mechanism for 
decreasing the amount of N-consumption by microorganisms in growing media. Hereby clay amendments improve the cultivation 
safety in growing media from green waste composts. Future work is directed on the optimization of the method. Here it is likely 
that clay amended at a stage with stronger progress of composting where less stable OM compounds are already lost, will result 
in a clay coating formation on more stable poorly degradable OM compounds only, which will improve structural stability of 
compost compounds and can increase the amount of plant available water. 
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Climate change presents an urgent need for sustainable energy management solutions. Although hydrogen is widely 
acknowledged as a vital medium for storing carbon-free renewable energy, ammonia is gaining traction as an important zero-
carbon carrier to support the global hydrogen infrastructure. Furthermore, ammonia benefits from an established, worldwide 



infrastructure and long-standing safety protocols for handling and distribution. Building on this potential, the study aims to develop 
cost-effective and safe solid-state ammonia storage systems utilizing naturally occurring porous clay mineral system. Highly 
abundant and economical, clay minerals, particularly montmorillonite, possess advantageous properties such as large specific 
surface areas and high cation exchange capacities. These minerals can adsorb considerable amounts of NH₃ gas within their 
layered structures; notably, previous adsorption studies on modified bentonite have already demonstrated NH₃ capacities of up 
to 8.5 wt.%. The challenge, however, is to enhance the degree of more retrievable. physically adsorbed NH3 in interconnected 
pore sites as a reversible storage system. 
To enhance surface area and ammonia physisorption, Securesol UHP (88 wt.% montmorillonite-rich bentonite) sourced from the 
Westerwald region in Germany provided by the Stephan Schmidt group was engineered into porous clay composites. The 
synthesis involved blending specific weight percentages of NaOH and aluminium metal powder at defined solid: water ratios using 
a planetary mixer, followed by oven-drying for approximately 12 hours at varying temperatures between 90 -200°C. To achieve 
an optimal base material with the requisite pore structure and mechanical stability, systematic parameter optimization was 
conducted. This required preparations to systematically vary drying temperatures, reagent concentrations, and solid-to-liquid 
ratios. The resulting composites were then characterized using XRD, SEM-EDX, and FIB-SEM to identify newly formed species, 
mineral alterations, and pore architectures. SEM and FIB cross-sectional analyses revealed the formation of open micropores, 
significantly increasing the material's pore structure and surface area. Furthermore, XRD analysis following ethylene-glycol 
saturation confirmed that the engineered composite successfully retained the swelling behaviour of the original raw bentonite. 
Current investigations focus on quantifying the ammonia adsorption capacity of these highly porous composites under dynamic 
operating conditions. Given their significantly enhanced surface area and retained swelling properties, these engineered clay 
composites exhibit strong potential as an efficient storage material, offering a promising pathway for scalable and cost-effective 
solid-state ammonia storage in the global hydrogen economy. 
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Bentonite is considered a key component of engineered barrier systems for deep geological repositories due to its low hydraulic 
conductivity, swelling capacity and sealing properties. In addition to compacted bentonite blocks, pellet-based materials represent 
a possible technological solution for the construction of sealing barriers due to their easier emplacement in complex geometries. 
However, compared to highly compacted homogeneous bentonite, pellet-based materials are characterized by initial structural 
heterogeneity, including density variations and inter-pellet pore spaces. The influence of this heterogeneity on gas migration 
behaviour remains an important aspect for the evaluation of long-term barrier performance. 
Gas generation during repository evolution may lead to gas pressure build-up within the engineered barrier system. Previous 
experimental studies have shown that gas migration through saturated compacted bentonite is controlled by coupled hydro-
mechanical processes involving pressure-induced pathway formation. Nevertheless, most available experimental data have been 
obtained from homogeneous laboratory-prepared samples, while the behaviour of technologically relevant heterogeneous 
materials is less documented. 
This study focuses on the experimental evaluation of gas breakthrough behaviour in water-saturated pellet-based bentonite 
materials. Constant-volume gas injection tests were performed on Czech reference bentonite BCV prepared in different material 
configurations, including compacted homogeneous samples, bentonite pellets and pellet/sand mixtures. The objective was to 
assess whether the initial heterogeneity of pellet-based materials influences gas breakthrough pressure, pathway development 
and overall sealing behaviour compared to homogeneous bentonite. 
Prior to gas injection, the materials were saturated with water under constant-volume conditions and the development of swelling 
pressure was monitored. During subsequent gas injection, the evolution of gas pressure and breakthrough characteristics was 
recorded. The results from pellet-based materials were evaluated with respect to reference measurements performed on 
compacted bentonite. Special attention was given to the relationship between the final material state after saturation and 
subsequent gas migration behaviour. 
The obtained results provide experimental data on the performance of pellet-based sealing materials under gas loading conditions 
and contribute to the assessment of their applicability in engineered barrier systems. Additional preliminary experiments 
performed on thermally treated materials (150 °C and 200 °C) provide first insights into the effect of previous thermal exposure 
on gas transport behaviour. 
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Geopolymers and zeolitic materials derived from thermally activated clay minerals have attracted considerable attention as 
sustainable materials for building and environmental applications. Understanding the influence of precursor composition and 
alkali activation conditions on geopolymerization and zeolite phase formation is therefore essential for optimizing their structure 
and performance. In this study, metakaolin and metabentonite were investigated as aluminosilicate precursors for 
geopolymerization and zeolitic phase formation using Fourier-transform infrared (FTIR) spectroscopy. 
Samples were prepared by alkaline activation of metakaolin (MK) and metabentonite (MB) as aluminosilicate precursors, while 
solutions based on NaOH and Na₂SiO₃ were used as alkaline activators. The influence of calcination temperature and activator 
composition on structural changes associated with geopolymerization and zeolitic transformations was assessed from FTIR 
spectra recorded in the middle nfrared region (4000–400 cm⁻¹). Prior to alkali activation, metakaolin and metabentonite were 
calcined at 650, 700, and 750°C. 
The metabentonite series was used to assess the effect of calcination temperature on alkali induced structural transformation. 
The FTIR spectra of MB calcined at 650 °C showed only minor changes after activation with 10% NaOH. In contrast, significant 
spectral changes were observed for MB calcined at 700 and 750°C, including the appearance of new bands in the 800–500 cm⁻¹ 
region, suggesting the development of zeolitic-type structural units. This was accompanied by a pronounced shift of the Si–O 
stretching band toward lower wavenumber. These changes suggest enhanced geopolymerization and more pronounced zeolitic 
transformation with increasing calcination temperature. Extensive spectral changes were observed after activation with 10% 



Na₂SiO₃ compared with the calcined precursor samples. Based on the similar spectral profiles observed regardless of calcination 
temperature it may be assumed that the reaction products in these samples have comparable structural characteristics. 
The influence of NaOH concentration on geopolymerization and zeolitic transformation was evaluated in MK calcined at 700°C. 
FTIR spectra revealed a pronounced transformation of bands in the 900–500 cm⁻¹ region. While the calcined MK700 sample 
exhibited a broad, intense band centered at 1071 cm⁻¹ and a broad band at 805 cm⁻¹, activation with 15% NaOH resulted in the 
development of broad bands at approximately 700 and 560 cm⁻¹, suggesting the development of zeolitic-type structural units. 
Samples activated with Na₂SiO₃ displayed spectral features distinct from those activated with NaOH. In the MK series, increasing 
Na₂SiO₃ content led to a decrease in the intensity of the broad band at 800 cm⁻¹, which evolved into several bands near 860 and 
700 cm⁻¹. 
The FTIR results indicate that both calcination temperature and activator type significantly influence geopolymerization and 
zeolitic transformation. Metakaolin exhibited a greater tendency toward zeolitic transformation under the investigated activation 
conditions, whereas the metabentonite series indicated that higher calcination temperatures promoted more substantial structural 
transformation. 
Acknowledgement: This work was financially supported by the Slovak Research and Development Agency (APVV) under 
contract No. APVV-24-0133. 
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Bruno Lanson is a senior scientist (Director of Research) at the Institute of Earth Sciences (ISTerre) at Grenoble Alpes University. 
His areas of expertise include diagenesis and clay minerals, and the analysis of defective structures. His plenary lecture will be 
about crystal chemistry of Mn oxides with special emphasis i) on the information that could be obtained for turbostratic varieties 
and ii) on the identification of naturally occurring varieties. 
In the Introduction of his 1999 paper reviewing the “Crystal structures and economic and environmental significance” of 
manganese oxide minerals[1], Jeffrey Post was pointing out that “the crystal structures, and consequently, the powder diffraction 
patterns are similar for many of the Mn oxide minerals”. He was adding that “many scientists report simply ‘‘Mn oxide,’’ rather 
than a particular mineral phase”. 
In particular, the occurrence of Mn oxide minerals with Mn exhibiting three different oxidation states contributes to a large extent 
to the complexity and impressive variety of Mn oxide minerals. However, even when considering essentially Mn(IV) oxides, the 
so-called “MnO2” minerals, the diversity is quite impressive with major impacts on the affinity for foreign transition metal elements 
or reactivity. 
The precise identification of these “MnO2” minerals remains however key to understanding the pivotal role Mn oxides play in the 
geochemical cycling of a number of metals and rare Earth elements. To decipher experimentally these properties in pure model 
systems, synthetic analogs have been widely used. Unfortunately, the variety of synthesis protocols led to analogs exhibiting a 
diversity similar to that observed in natural environments and did not simplify their identification nor made it unambiguous. 
The present lecture will review some historical literature to seek the origin of the confusion for two of the most abundant “MnO2” 
minerals: the phyllomanganate birnessite (a layered Mn oxide – and all its alternative names ranging from hydrous manganese 
oxide to vernadite or d-MnO2) and 10 Å manganese oxides, often identified as the tectomanganate todorokite (a tunnel-structured 
Mn oxide) whatever its actual crystal structure. 
This lecture will also review developments that allowed overcoming these ambiguities. Specific attention will be paid to the crystal 
chemistry of extremely disordered (turbostratic) layered varieties originating from biological activity that prevail in natural 
environments. Similarly, differentiation of 10 Å manganese oxides coexisting in environments such as oceanic nodules will allow 
deciphering their respective affinity for transition metal and rare earth elements and the control on the geochemical cycling thereof. 
[1] Post, J.E. (1999) Manganese oxide minerals: Crystal structures and economic and environmental significance. Proceedings 
of the National Academy of Sciences of the United States of America, 96, 3447-3454. 
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The Kachchh, formerly Kutch peninsula in western Gujarat, India, has become in the last decades the most significant natural 
sodium bentonite mining region in Asia. Numerous deposits occur in a 90 km long, NW-SE to WNW-ESE trending belt together 
with bauxite and minor kaolin deposits that is offset by the WSW-ENE trending western extension of the Katrol Hill Fault. The 
bentonites in the belt appear at the base of deep lateritic profiles developed on basalts of the Maastrichtian to Danian Deccan 
Volcanic Province that covered Jurassic to Cretaceous sediments in the Kachchh basin. The weathered volcanic rocks were 
overlain by Eocene to Pliocene terrestrial and marine sediments in a near-coastal setting. Repeated marine transgression-
regressions cycles with partly lateritic unconformities in the Paleogene and Early Neogene were related to recurrent vertical block 
movements, tilting, and faulting related to the collision of the Indian plate with the Asian plate, as well as concomitant global sea 
level changes. Post-Pliocene uplift along reactivated faults has finally shaped the region that is still today seismically very active. 
The origin of the predominately sodium and rare calcium bentonites in the Kutch region is disputed. Valeton (1983) and Patel 
(1987) suggested a genetic relationship with Paleocene lateritization of basalts flows, while Shah (1997) envisaged a formation 
“from volcanic ash falling into stagnant saline water in semi-arid conditions” (p. 43). We investigated bentonite deposits with a 
focus on petrography, mineralogy and geochemistry in three regions of the belt, the Bhandar pit near Laxmipur at the north-
western end, Miyani in the central part close to the Katrol Hill Fault and the Shiwam and Tumbadi pits at the easternmost end of 
the belt. The several meter thick bentonites occur at the base of partly truncated lateritic weathering profiles below kaolinitic 
saprolites with generally sharp boundaries. Residual spheroidal corestone textures, transitions to weakly altered basalt flows, 
abundant vesicular and local breccia textures are clear indications that bentonites (and overlying kaolinitic saprolites) formed 
from lava flows and not from fine-grained pyroclastic beds in a lacustrine setting. In the western regions, bentonites occur not 
only above but also below weakly altered basalts suggesting lateral fluid flow during bentonitization at these sites. The bentonites 
consist of Fe-bearing smectite with variable contents of kaolinite (0 to 35 mass%). Minor and trace components include residual 
quartz, apatite and feldspar, as well as neoformed hematite, goethite, anatase, titanomaghemite, calcite, aragonite, barite and 
halite. Immobile element ratios including Zr/Ti, Sc/Nb and Th/Al indicate the presence of two distinct basaltic lava flows involved 
in bentonite formation, a lower less evolved and an upper more differentiated flow. Towards overlying kaolinitic saprolites, kaolinite 
content of bentonites increases and is generally associated with a decrease of phosphorus, an increase of REEs and a 
pronounced negative Ce anomaly indicating increased alteration of the bentonite by oxidized, silica deficient fluids from above 
and significant REE mobility. Kaolinite-bearing bentonite below basalts, kaolinite-free bentonites and the basalts show no Ce 
anomalies. The Na/Ca ratios in the bentonites generally increase toward the top of the section. The presence of halite in the 
overlying kaolinitic saprolites and the bentonites clearly suggests a late infiltration of Na-rich, probably marine fluids. Calcium-rich 
bentonites occur at the eastern end of the belt at the expense of the older, lower lava flow. 
Our study implies that in the Kachchh peninsula, bentonites formed by alteration of two distinct basaltic lava flows in the phreatic 
zone during Paleogene lateritic weathering. Initially Ca-rich bentonites were later variably overprinted by Na-rich saline fluids after 
marine transgressions and a change towards a more arid climate. 
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Two bentonite layers deposited during the early Sarmatian (late Serravallian) along the southern margin of the Pannonian Basin 
were investigated. The Sutla-II outcrop is located in NW Croatia, while the Ugljevik outcrop is situated in NE Bosnia and 
Herzegovina. 
Clay mineralogy was analysed by X-ray diffraction (XRD), whereas zircon U-Pb dating was conducted using laser ablation 
inductively coupled plasma mass spectrometry (LA-ICP-MS). 
The bentonite clay at the Sutla-II outcrop, reaching up to 40 cm in thickness, consists predominantly of montmorillonite, with 
minor amounts of opal-CT, calcite and quartz. The 4-5 cm thick bentonite clay layer from the Ugljevik outcrop is dominated by 
montmorillonite and minor amounts of illite, quartz and calcite (~5%), while kaolinite was found in trace amounts only in the clay 
size fraction. Whole-rock and clay-fraction geochemical data indicate that the parental volcanic ash was derived from felsic to 
intermediate volcanism (Badurina et al., 2021; Grizelj et al., 2023). 



U-Pb zircon dating yielded ages of 12.12 ± 0.21 Ma for the Ugljevik bentonite, and 12.19 ± 0.20 Ma for Sutla-II bentonite (Grizelj 
et al., submitted). The comparable geochemical signatures and similar eruption ages of the two deposits suggest a possible 
correlation with the same volcanic event. Although the exact volcanic source has not been unambiguously identified, the results 
provide new insights into the volcanic ash dispersal pathways and the paleoenvironmental evolution of the Pannonian Basin 
System during the early Sarmatian. Furthermore, this study presents the first U-Pb zircon ages obtained from distal tephra 
deposits from the southern part of the Pannonian Basin System. 
This research was conducted in the scope of the internal research project „RAMPA - Development of Miocene paleoenvironments 
in Croatia and their connection with global events“ at the Croatian Geological Survey, funded by the National Recovery and 
Resilience Plan 2021–2026 of the European Union – NextGenerationEU, and monitored by the Ministry of Science and Education 
of the Republic of Croatia and supported by the Hungarian National Research, Development and Innovation Office (No. 145905) 
and the MTA–HUN-REN CSFK Lendület "Momentum" PannonianVolcano Research Group. This research was also funded in 
part by the Austrian Science Fund (FWF) grant DOI 10.55776/I6504. 
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Ritwick Sudheer Kumar, Laurence Warr, Balu Thombare, Tobias Manzel, Georg Grathoff 

Institute for Geography and Geology, University of Greifswald, D-17489 Greifswald, Germany; sudheerkur@uni-greifswald.de 
The conversion of smectite to illite plays a critical role in the Earth's upper crust processes, significantly impacting geochemical 
cycling, fluid overpressure, and basin porosity. While traditionally understood as a slow, temperature- and potassium-dependent 
process, widespread basin anomalies suggest the presence of strong kinetic accelerators. A review of existing literature indicates 
that accelerated illitisation often coincides with the early-mature stages of hydrocarbon generation, specifically at vitrinite 
reflectance (Ro) values between 0.5% and 0.7%. To address this missing link, this study investigates the alteration of 
montmorillonite by oxalates—dicarboxylic acids that are prominently generated during this exact thermal maturation window, 
using some constrained batch experiments. 
The experiments involved preparing batches, subjecting an XRD-pure montmorillonite mixed with varying K-oxalate compositions 
(0.01 M - 0.5 M), varying temperatures (160 - 220 °C), and varying times (31 to 155 days). After the experiments, the 
montmorillonite was analysed using various analytical techniques, including XRD and EDS-TEM. A first-order kinetic framework 
was developed for the K-oxalate-promoted illitisation of a purified montmorillonite, yielding an explicit rate law as a function of 
temperature and K-oxalate concentration that can be extrapolated over repository-relevant timescales and compared with existing 
kinetic models for illitisation in both experimental and geological contexts. The robustness of the kinetic model was validated 
through 10,000 Monte Carlo realizations, providing a statistical rigor for clay kinetics. 
Our results show that oxalate ligands bypass the high activation energy barriers typical of inorganic systems by mobilizing 
aluminium as soluble Al(C2O4)3

3− chelates, triggering a rapid dissolution-precipitation pathway. This mechanism is diagnostic, 
evidenced by a shift in the d (060) reflections and the neocrystallisation of celadonitic illite-smectite. The kinetic equation also 
shows how rapid illitisation is compared to previous kinetic studies that do not involve organic acids along with K+. 
This study suggests that organic ligands like oxalates may account for the rapid illitization anomalies and accelerated changes in 
illite ordering observed in basins such as the Pannonian Basin, Viking Graben, South Halibut Basin, and Beaufort-Mackenzie 
Basin, particularly during the thermal windows when dicarboxylic acids are released. Moreover, applying this model to engineered 
barrier systems, the equation predicts that even trace amounts (8.45 µM) of K-oxalate is enough for 99% illitisation of 
montmorillonites at 100 °C, at the 100,000-year safety margins of a high-level radioactive waste repository. To ensure the long-
term stability of the engineered barrier system, host rocks that are low in organic matter or are thermally mature should be 
prioritized to avoid the oxalate acceleration of illitisation. 
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Sepiolite is an industrially important hydrous magnesium silicate clay mineral characterised by a modulated tunnel–ribbon 
structure, giving rise to high specific surface areas (>300 m²/g upon thermal dehydration) and a broad range of applications as 
an adsorbent, carrier, filler, viscosity modifier, and nanomaterial host matrix [1,2]. The material's complex dehydration profile 
involves coordinated OH2 species on outer Mg cations, zeolitic tunnel water, physisorbed water, and abundant surface SiOH 
groups. As such makes it a compelling model system for studying sorption mechanisms via vibrational spectroscopic probes [3]. 
Dynamic Vapour Sorption (DVS) was coupled with a Near-Infrared Spectrophotometer recording spectra in the 900–1700 nm 
range via a fibre-optic probe positioned ~4 mm beneath a flat quartz glass sample pan. Spanish sepiolite SepSp-1, sourced from 
the Clay Minerals Society repository [4] and ground to <250 µm, was dried at 0% RH for 120 min prior to a sorption–desorption 
cycle spanning 0–90% RH at 25 °C. The coupling enabled simultaneous gravimetric and spectroscopic monitoring in real time, 
reducing total experimental duration and allowing for complementary information to be recorded. 
A steep mass uptake is observed below 10% RH, followed by a slower intermediate regime, and a sharp uptake above 60% RH. 
The Type II water vapour sorption isotherms revealed three discrete hydration states at 25 °C. A dry (<3% RH): 0–1 H2O 
molecules per formula unit, an intermediate state (3–30% RH): 4–5 H2O molecules per formula unit, identified in the NIR spectrum 
at 1384.7 nm and a hydrated state (>30% RH): 7–8 H2O molecules per formula unit. The closed sorption–desorption loop confirms 
full reversibility of the water uptake process. 
NIR spectra confirmed the progressive hydration with RH-dependent spectral evolution in the 1375–1523 nm region. In the 0–
30% RH range, the absorbance band at ~1375 nm disappears, and the ~1391 nm band shifts to ~1387 nm. A broad feature 
between 1415 and 1523 nm assigned to O–H stretching and bending modes associated with adsorbed and structural water 
intensifies progressively above 40% RH and becomes most pronounced at 90% RH. The 1400–1500 nm region is a key diagnostic 
window for clay minerals, reflecting the hydroxyl group's stretching and bending modes. The water-related band at ~1440 nm 
corresponds to H-O-H bending, while bands in the 2320–2400 nm range (outside the current instrument window) are associated 
with OH groups coordinated to Mg in the trioctahedral sheet. 
The DVS-NIR results are in excellent agreement with previously published vibrational spectroscopic data acquired using 
conventional saturated-salt methods [3], validating the in situ coupled approach. The approach is broadly applicable to other clay 
minerals and porous materials where in situ sorption–spectroscopy coupling is advantageous. 
References 
[1] E. Galán, Clay Miner. 33, 1996, 443–453. 
[2] A. Álvarez, J. Santarén, A. Esteban-Cubillo, P. Aparicio, in: E. Galán, A. Singer (Eds.), Development in Clay Science, vol. 3, 
Elsevier, Amsterdam, 2011, pp. 281–298. 
[3] V. Bukas, M. Tsampodimou, V. Gionis, G.D. Chryssikos, Vibrational Spectroscopy 68, 2013, 51–60. 
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Clay minerals are ubiquitous components of fault zones and play a critical role in controlling fault strength and reactivation 
dynamics. The minerals possess weakly bonded interlayer regions and highly reactive basal surfaces, which inherently promotes 
low frictional resistance. While studies have long recognized clay minerals as key agents in the fault behavior, detailed 
mechanisms linking crystal chemistry, interlayer hydration, and frictional behavior remain incompletely understood. 
Understanding how interlayer water structure and surface chemistry control mechanical properties of clay minerals is essential 
for predicting clay behavior in contexts ranging from fault reactivation and induced seismicity to the long-term performance of clay 
barriers in waste repositories and the stability of clay-rich formations under changing hydrological conditions. This study employs 
molecular dynamics (MD) simulations to systematically investigate the frictional properties of a structurally diverse suite of clay 
minerals, with particular emphasis on the clay mineral–water interface and the role of interlayer architecture in governing 
mechanical response. 
In our MD simulations, we systematically investigated the precise structural and chemical factors that modulate the frictional 
properties of clay mineral groups. Our investigation spanned a wide range of interlayer water contents and crystal chemistries, 
including 1:1 and 2:1 layer types in both dioctahedral and trioctahedral configurations. For hydrated smectites, we compared 
saponite (trioctahedral) and montmorillonite (dioctahedral), calculating shear stress and frictional coefficient (μ) as a function of 
interlayer water content. The shear stress exhibited a characteristic rise-and-fall pattern with increasing hydration, rather than a 
monotonic trend. This non-linear behavior is mechanistically explained by structural transitions in the interlayer water 
configuration: at intermediate hydration states, water molecules progressively occupy the ditrigonal cavities of the tetrahedral 
sheet, creating transient hydrogen-bond bridges across the interlayer that strengthen frictional coupling. As hydration increases 
further, these structural constraints are disrupted, reducing shear resistance. Saponite consistently exhibited slightly higher shear 
stress than montmorillonite across hydration states, a difference attributable to the closer proximity of negative structural charges 
to the surface in tetrahedral isomorphic substitution (saponite), which induces a stronger interlayer coupling relative to octahedral 
substitution (montmorillonite). 



For anhydrous clay minerals (kaolinite, lizardite, pyrophyllite, and talc), the contrast between dioctahedral and trioctahedral 
structures emerged as the dominant control on frictional properties. Trioctahedral minerals (lizardite and talc) exhibited 
significantly higher μ values compared to their dioctahedral counterparts (kaolinite and pyrophyllite). In the 1:1 mineral pair, this 
difference is rooted in interlayer hydrogen bonding: approximately 60% of the surface hydroxyl groups in kaolinite participate in 
interlayer hydrogen bonds, whereas in lizardite, the full complement of OH groups engages in interlayer bonding due to the 
geometry of the trioctahedral sheet. This complete OH participation enhances interlayer adhesion and elevates frictional 
resistance. In the 2:1 mineral pair, the trioctahedral structure of talc promotes superior intrinsic geometric interlocking between 
opposing tetrahedral sheets, increasing the effective interlayer contact area and thereby amplifying its structural frictional 
resistance relative to pyrophyllite. 
These results demonstrate that the frictional properties of clay minerals are governed by an atomic-scale interplay between crystal 
chemistry and interfacial water structure. The occupation of ditrigonal cavities, the geometry of hydroxyl group orientation, the 
degree of isomorphic substitution, and the topology of interlayer surfaces all emerge as critical determinants of the frictional 
properties. These findings provide a molecular-level framework for interpreting the frictional weakness of clay-bearing fault zones 
and indicate the sensitivity of fault mechanical behavior to clay mineral type, hydration state, and structural configuration. 
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Scientific research demonstrates that nature rarely favors perfect structures; rather, surface imperfections are essential for 
chemical reactions and are often energetically preferred both in adsorption and catalytic processes. In this study, we investigate 
the “priority effect” in hydrotalcite-like (Htlc) precursors and their derived mixed oxides in determining CO₂ sorption performance, 
using in situ FTIR spectroscopy supported by structural characterization and quantum-chemical modelling. We demonstrate that 
CO₂ binding on hydrotalcite-like (Htlc) precursors and their derived mixed oxides is controlled primarily by defective and low-
coordinated surface sites rather than by ideal lattice arrangements. The role of water molecules in attracting the CO₂ is also 
analyzed. 
Theoretical modeling of CO₂ adsorption on MgO surfaces showed that regular terrace sites containing five-coordinated O²⁻ anions 
interact unwillingly with CO₂. In contrast, defect-rich low-coordinated oxygen centers strongly stabilize adsorbed CO₂ species, 
promoting the formation of surface carbonates. These calculations clearly indicate that the efficiency of CO₂ capture is governed 
by the presence, accessibility, and strength of structural imperfections responsible for heterogeneous surface basicity. 
Based on these findings, a series of Mg–Al and Mg–Al–Fe hydrotalcite-like nanostructures with different cation ratios were 
synthesized as tunable precursor systems and subsequently converted into mixed oxides. Structural and textural characterization 
by XRD, SEM/EDS, N₂ physisorption, and FTIR spectroscopy confirmed significant differences in crystallinity, morphology, and 
surface properties induced by compositional modifications. 
To probe the nature of surface basic sites, an advanced in situ FTIR methodology using CO₂ as a molecular probe was applied. 
The measurements revealed the formation of carbonate (CO₃²⁻) and bicarbonate (HCO₃⁻) species resulting from interactions with 
surface O²⁻ and OH⁻ groups. Spectroscopic quantification enabled differentiation between these adsorption centers and provided 
direct insight into the distribution and strength of basic sites. Complementary temperature-programmed CO₂ desorption 
experiments further demonstrated preferential occupation and release of the most energetically favorable adsorption centers. 
Moreover, thermal transformation of Mg–Al/Fe Htlc precursors into mixed oxides generated stronger surface O²⁻ basic sites, 
leading to enhanced CO₂ sorption performance. 
As the Mg:Al ratio in the hydrotalcite structure increased, an increase in the total concentration of basic sites associated with the 
presence of O²⁻ and OH⁻ species was observed, from 103 to 292 µmol/g. Calcination of the hydrotalcite precursors resulted in 
an almost twofold increase in the number of basic sites, with a significant contribution from O²⁻ sites. At the same time, the 
transformation of the hydrotalcite structure into a mixed oxide system promoted the formation of structural defects, particularly in 
materials with a higher Al content, resulting in a further increase in surface basicity and a concentration of basic sites exceeding 
400 µmol/g. The presence of iron in the structure further enhanced this effect. 
Overall, the study demonstrates that defect engineering, rather than structural perfection, is the key factor controlling CO₂ 
adsorption efficiency in hydrotalcite-derived sorbents. The combined spectroscopic and theoretical approach provides new insight 
into the relationship between surface basicity, defect chemistry, and CO₂ activation mechanisms. 
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The Barreiras Formation preserves one of the most extensive weathering records along the Brazilian Atlantic margin [1]. However, 
the timing of weathering remains poorly constrained. Kaolinite crystal chemistry provides insights into weathering processes and 
mineral evolution. In particular, electron paramagnetic resonance (EPR) spectroscopy enables the characterization of structural 
disorder through paramagnetic Fe (III) and the radiation-induced defects (RIDs) within kaolinite crystals, providing insights into 
the conditions and ages of kaolinite formation, as well as major weathering events [2–5]. 
EPR dating of kaolinite is based on the progressive accumulation of RIDs as a function of ionizing radiation dose. These RIDs, 
the so-called A-centers, correspond to electron holes trapped on oxygen atoms associated with Si and remain stable over 
geological timescales [4, 6, 7]. Kaolinite ages are derived from a multistep protocol that allows one to determine the ratio between 
the natural cumulative dose (paleodose), determined by artificial ionizing irradiation, and the dose rate [4].  
This study investigates the timing of kaolinite formation and weathering evolution in a 23 m thick regolith of the Barreiras 
Formation, Campos Basin, Brazil. The succession comprises ferruginous duricrusts, mottled and pale zones, sandstone, 
mudstone, and an overlying Oxisol developed through the in situ degradation and pedogenesis of nodular duricrust.  
Fifteen samples were investigated using optical microscopy, X-ray diffraction, scanning electron microscopy, ICP-MS, and EPR 
spectroscopy. EPR dating also involved He+ ion irradiation, neutron irradiation followed by 235U induced fission-track mapping, 
and synchrotron nano-X-ray fluorescence. 
Kaolinite occurs in two main forms: (i) pseudomorphic booklets replacing feldspars and micas, and (ii) pedogenic micromass 
associated with soil formation processes. Normalized EPR spectra display broadly similar structural paramagnetic Fe (III) signals, 
indicating similar formation conditions, although kaolinites from sandstone and mudstone (parent materials) exhibit slightly better 
structural ordering. All samples exhibit natural RIDs, allowing paleodoses to be determined from dose-response curves. Fission-
track and synchrotron mapping reveal that U is heterogeneously distributed between the clay matrix and U-bearing phases, 
whereas Th is predominantly hosted in zircon grains, providing the constraints required for reliable dose-rate calculations.  
Throughout the studied profile, EPR-derived kaolinite ages range from 6.76 ± 2.0 to 0.32 ± 0.1 Ma, defining three main stages of 
kaolinite crystallization.The basal section records Pliocene ages. Kaolinite from platy duricrusts yields younger ages (Pleistocene, 
Calabrian Stage) than the levels considered as parent material (sandstone and mudstone, Miocene ages), indicating rejuvenation 
processes. Samples from the upper soil section yield Middle to Late Pleistocene ages. Altogether, these results document a 
multistage weathering history controlled by interactions among lithology (mineralogical composition and permeability), tectonics 
(uplift and drainage reorganization), and climate (alternating humid weathering and ferruginization phases) during the evolution 
of the Barreiras Formation regolith. 
[1] Martins R., et al. 2024. Degradation systems of ferruginous duricrust in the Barreiras Formation, Southeastern Brazil. Catena, 
Vol., 246.  
[2] Balan E., et al. 2005. Formation and evolution of lateritic profiles in the middle Amazon basin: Insights from radiation-induced 
defects in kaolinite. Geochimica et Cosmochimica Acta., Vol., 69. 
[3] Balan E., et al. 2007. Inheritance versus neoformation of kaolinite during lateritic soil formation: a case study in the middle 
Amazon basin. Clays and Clay Minerals., Vol., 55.  
[4] Allard T., et al. 2025. EPR dating of clay minerals formation through geological times: benchmarking from the Quaternary to 
the Neoproterozoic era. American Journal of Science., Vol., 325. 
[5] Ansart, C., et al. 2025. Lateritic Cenozoic paleoenvironmental and paleoclimatic conditions in the Central Amazon basin, 
Brazil, inferred from mineralogy, geochemistry and geochronology. Palaeogeography, Palaeoclimatology, Palaeoecology., Vol., 
662. 
[6] Clozel B., et al. 1994. Nature and stability of radiation-induced defects in natural kaolinites: new results and a reappraisal of 
published works. Clays and Clay Minerals., Vol., 42. 
[7] Ataytür Ö., et al. 2024. Thermal stability of artificial radiation-induced defects in kaolinite: Enhancing EPR dating protocol. 
Applied Clay Science., Vol., 252. 
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The rates of continental weathering during rapid climate warming remain poorly constrained because direct absolute ages for 
weathering products are rarely available. During the Palaeocene–Eocene Thermal Maximum (PETM; ~56 Ma), enhanced 
accumulation of kaolinite in marine sediments has been widely interpreted as evidence of intensified denudation (chemical and 
physical weathering) and rapid CO₂ drawdown. However, whether these clays formed contemporaneously with the PETM or were 
reworked from older deposits remains unknown. This uncertainty, due to the lack of kaolinite ages in sediments, limits our ability 
to unravel the relative roles of chemical weathering and physical erosion during climate recovery after extreme warming. 
Here we implement a recently upgraded multi-step approach using Electron Spin Resonance (ESR) to date kaolinites. It is applied 
to the exceptionally well-preserved Palaeocene–Eocene succession of the Zumaia section (northern Spain), where a prominent 
kaolinite enrichment coincides with the negative carbon-isotope excursion associated with the PETM. We will present results, 
including the ESR characterization of kaolinites, the determination of paleodoses from artificial He+ ion beam irradiation, first 
estimates of dose rates required for ESR dating, and data interpretation. Taking into account experimental errors, kaolinite dating 
should provide first constraints to evaluate the weathering dynamics during the PETM. Comparing the absolute ages of kaolinite 
to the stratigraphic temporal framework should allow us to test whether kaolinite relative abundances reflect intensified weathering 
contemporaneous with the PETM or sedimentary recycling of older material. 
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The hydrogen isotope ratio in minerals records their formation temperature and fluid H isotope composition during the mineral 
formation. In clay minerals, the preservation of the pristine hydrogen isotope composition recorded during formation forms the 
basis for paleoenvironmental reconstructions and for tracing mineral reactions using hydrogen isotope composition. Post-
formation reactions can not only cause partial equilibration with ambient water but may also result in the decoupling of the original 
H and O isotope signatures, thereby affecting paleoenvironmental interpretations. The hydroxyl H isotope ratio in smectites has 
been used as a standalone tool for tracing the reactivity of clay minerals with water in geotechnical applications. The sensitivity 
of smectite minerals to post-formation H exchange enables determination of the extent of alteration, making smectite a 
crystallographic site-specific probe of water–rock interactions across temperature gradients, for example in bentonite buffers. 
Because of the presence of interlayer adsorbed water, which exchanges instantaneously with the environment, and owing to their 
nanometre-scale crystallite dimensions, smectites are hypothesised to be the clay minerals most susceptible to H isotope 
exchange in structural OH groups. In this study, H isotope exchange in smectites and their interstratified varieties was revisited 
using infrared spectroscopy (IR). IR is an efficient tool that enables both in-situ and ex-situ observation of D/H exchange reactions 
based on OH and OD stretching bands, which serve as proxies for H isotope exchange in nature. For the various D/H exchange 
experiments, we used a set of smectites with different layer crystallochemical compositions and interlayer cations, as well as 
several interstratified minerals with varying illite-to-smectite ratios. 
In none of the tested samples was structural H isotope exchange observed at room temperature (RT, ~22°C), either during short-
term water saturation at relative humidities of 60–80% or after one year of exposure to liquid D2O. However, traces of structural 
OD were identified in a montmorillonite stored in liquid D2O for three years, and significant deuteration was observed after more 
than eight years at RT, especially in high-charge and ferrous montmorillonites. Na-exchanged samples appear to exhibit a higher 
degree of deuteration than their Ca- or Cs-exchanged counterparts. 
Experiments conducted at 90°C under complete D2O vapour saturation (without liquid water) for 12–16 months revealed a strong 
control of octahedral cation composition on H isotope exchange, similar to the trends observed at RT. Dioctahedral smectites 
with Fe3+ substituting for Al3+ (nontronite) exhibited the most extensive exchange (>20% D/H exchange), followed by samples 
containing both Mg2+ and Fe3+ substitutions (montmorillonite), whereas those with nearly pure octahedral Al3+ (beidellite) showed 
negligible D/H exchange. Trioctahedral saponites showed no exchange either in the 90°C experiments or after more than 11 
years at RT in liquid D2O. In interstratified illite–smectite minerals, the extent of exchange was controlled by the proportion of 
fixed illitic interlayers. 
The results presented here imply that, over geological timescales (>1000 years), the H isotope signature of any dioctahedral 
smectite, especially nontronite and montmorillonite, should be tentatively assumed to have equilibrated with the contemporary 
pore-water composition rather than to reflect formation conditions. Conversely, the susceptibility of smectite to H exchange makes 
it a useful tracer of short-term fluid–rock interactions and water migration. The absence of detectable short-term deuteration (<1 
year at RT) indicates that smectites can be subjected to mild laboratory procedures without significantly altering their H isotope 
composition. 
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Pedogenic clay minerals preserved in the rock record can provide valuable information on past climatic conditions. Because these 
minerals exchange oxygen and hydrogen with soil water during formation, their stable isotope compositions may be used to 
reconstruct temperature and the isotopic composition of soil water. However, recent studies have shown that pedogenic clay 
minerals formed in environments characterized by strong seasonal variations in the precipitation isotope composition may plot 
along trends oblique to the Global Meteoric Water Line (GMWL), complicating paleoclimatic interpretations. 
Reliable interpretation of pedogenic clay isotope compositions requires an understanding of both soil mineralogy and catchment-
scale water dynamics. This study combines isotope analyses of pedogenic clay minerals (Kuligiewicz et al., 2024a,b) with isotope-
hydrological monitoring of modern waters in selected catchments of the Tatra Mountains (Poland). 
Four Podzol profiles developed on granitoids or granitic moraines (bedrock δ¹⁸O = +9.3‰) were investigated. The fine clay fraction 
(<0.2 μm) was separated from each horizon and characterized by X-ray diffraction (XRD), Fourier-transform infrared spectroscopy 



(FTIR), cation-exchange capacity (CEC), and chemical analyses. Oxygen isotope compositions were determined by CO₂ laser 
fluorination coupled to an isotope-ratio mass spectrometer, whereas hydrogen isotopes were measured using a high-temperature 
conversion elemental analyzer (TCEA) connected to the same instrument. Monthly precipitation and stream-water samples were 
collected over two hydrological years and analyzed by cavity ring-down spectrometry. 
The combination of the quantitative XRD and chemical analyses enabled a precise quantification of oxygen and hydrogen 
elemental budgets and their distribution between pedogenic and non-pedogenic components. Pedogenic components included 
kaolinite, gibbsite, hydroxyl interlayers within the hydroxy interlayered smectite/vermiclite, and the smectitic component of illite–
smectite. Non-pedogenic components were coarse dioctahedral micas, the illitic component of illite-smectite, chlorite, feldspars, 
and anatase. 
The isotope compositions of the pedogenic phases were modeled using published mineral-water fractionation factors. The best 
agreement between measured and calculated isotope compositions was obtained for formation temperatures between 0 and 3°C, 
which compared well with the present-day mean annual air temperature (MAAT) of 2.6°C at the sampling sites. The most probable 
isotopic composition of soil water was δ¹⁸O = −14.3 ± 1.9‰ and δ²H = −102 ± 15‰. These values are more depleted than the 
mean isotopic composition of precipitation measured at Polana Chochołowska (δ¹⁸O = −10.2‰ and δ²H = −69.1‰). 
Two explanations may account for this discrepancy. First, the pedogenic minerals may have formed under cooler postglacial or 
periglacial conditions characterized by more depleted precipitation. Alternatively, the soil water participating in mineral 
transformations may be isotopically distinct from the mean annual precipitation. 
To evaluate the latter hypothesis, stream-water and precipitation data were analyzed using end-member splitting analysis 
(Kirchner and Allen, 2020). This approach extends traditional isotope hydrograph separation by quantifying how precipitation from 
different seasons is partitioned between runoff and evapotranspiration. For the analysis, the hydrological year was divided into 
warm (April–August) and cold (September–March) seasons, which differ substantially in precipitation isotope composition. 
The results indicated that the majority of the summer precipitation (with δ18O = - 9.7 ± 0.9‰) was lost to the evapotranspiration, 
while discharge was dominated by the winter component with δ18O = - 12.4 ± 0.5‰. The isotope composition of the winter 
component matches within the uncertainty with water remaining in equilibrium with the pedogenic clay minerals from the area. 
This suggests the possibility of the “winter bias” in the isotope composition of clay from the areas with the seasonal snow cover, 
meaning the isotope composition of pedogenic clays might be shifted towards the winter precipitation composition. 
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Classical Molecular Dynamics (MD) simulations were employed to study free energy and mechanism of Ba2+ uptake in the 
electrical double layer on the basal surfaces of Cs-montmorillonite. Two clay structural models were used, one (“high charge (HC) 
model”, charge density 0.8 eq/nm2) with Al/Si substitutions in the tetrahedral layer and Mg/Al substitutions in the octahedral layer, 
and another (“low charge (LC) model”, density 0.54 eq/nm2) with only octahedral Mg/Al substitutions. BaCl2 and CsCl aqueous 
solution was added to the slit-like mesopore space of ~5.8 nm width. 
In the HC-model, Cs+ and Ba2+ ions compete for binding sites, with Ba2+ forming strong inner-sphere surface complexes and 
mostly observed near the adsorption sites representing Al-occupied tetrahedra. In contrast, in the LC model, both Ba2+ and Cs+ 
ions are more uniformly distributed in the x-y plane, forming only loose outer-sphere surface complexes with some of the Ba2+ 
ions observed in the diffuse layer. In both models during the 80 ns MD run, no Ba2+ ions were observed in the neutral bulk water 
of the mesopore, so enhanced sampling had to be applied to characterize the binding energetics. 
Potentials of mean force (PMFs) for Ba2+ sorption were obtained in a self-consistent way, applying iteratively improved PMF as 
external bias potential. Such an iterative biased sampling converges within a few simulation runs and allows accurate sampling 
of site-specific adsorption and activation energy barrier between the inner- and outer sphere complexes averaged across the 
basal clay surface area. The obtained PMFs were used to parameterize a cation exchange (CE) model on high- and low-charge 
montmorillonite, yielding Ba2+/Na+ exchange constants that reproduce the experimentally observed values of decreasing Ba2+ 
selectivity with decreasing layer charge. 
To upscale MD results into a thermodynamic CE model a complementary Cs-Montmorillonite-NaCl model was employed, with 
NaCl concentration chosen to match the ionic strength of BaCl2 electrolyte. Consequently, Na+ was treated using the same 
procedure, and a PMF for Na+ binding was also obtained. 
The binding free energies ΔA for reactions (1) and (2) were obtained following three different strategies: i) treating the calculated 
PMF minima directly as approximate ΔA; ii) integrating the sorption basin portion of the PMFs to obtain Boltzmann-average 
energy of binding; iii) calculating the Boltzmann-weighted configurational integral over the entire bound volume, limited by the 
unbound bulk water region in the middle of the mesopore. The latter approach allows to define a specific concentration scale for 
the surface species. 
2X-Cs + Ba2+ ⇌ X2-Ba + 2Cs+; ΔACs/Ba (1) 
X-Cs + Na+ ⇌ X-Na + Cs+; ΔACs/Na (2) 
where X- is the surface site, ΔACs/Ba and ΔACs/Na are the Helmholtz free energies of the corresponding reactions obtained from the 
NVT MD simulations. 
The free energies of the reactions were then combined according to eq. (4) to obtain the standard Helmholtz free energy of 
reaction (3) per mole of exchange and to calculate CE equilibrium constants for Ba2+/Na+ ion exchange. 
2X-Na + Ba2+ ⇌ X2-Ba + 2Na+; (3) 
ΔrA°Na/Ba = ΔACs/Ba - 2× ΔACs/Na (4) 
The obtained equilibrium constants were compared with experimental data for clays with various charge densities [1, 2, 3, 4, 5, 
6]. The agreement is generally good with approach (iii) giving the lowest discrepancy. The decrease in clay charge was observed 
to lead to a decrease in selectivity, an effect that was well-reproduced by the MD model. 
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Interfaces between mineral surfaces and electrolyte solutions develop an electric double layer (EDL), commonly described using 
a Stern layer of specifically adsorbed ions and a diffuse layer of mobile ions1. Overlap of EDLs in nanoconfined systems, occurring 
between multiple surfaces in close proximity, two faces of the same mineral grain, or along inhomogeneous surfaces, results in 
changes to the surface chemistry, charges, and potentials due to electrostatic interactions. This effect, called Charge Regulation 
(CR), must be accounted for to accurately model surface speciation and electrostatics. 
Strong CR effects need to be considered in clay materials2. Isomorphic substitution in the tetrahedral or octahedral layers of clay 
minerals generates a permanent negative structural charge for the basal planes of the mineral platelets whereas the charge of 
the broken oxide bonds on the mineral edges is pH dependent. Spillover of the potential at the corners leads to a complex 
electrostatic environment even for a single mineral platelet. Furthermore, the electrostatic environment of stacks of mineral 
platelets (tactoids) can vary significantly depending on their mutual orientations (edge-edge, edge-plane, or plane-plane), 
alignments, and separation distances. These electrostatic effects impact the surface speciation of clay minerals and transport of 
ions through clay materials. 
The capabilities for modeling full CR in currently available software are limited. We present CRESCENDO, a new Python-based 
code that combines a general chemical speciation code with an up to three-plane surface complexation model and a Finite 
Element solver for the Poisson-Boltzmann equation (PBE). CRESCENDO calculates the interaction between the EDLs and the 
resulting chemistry of various surface segments on arbitrary two-dimensional domains3. CR is implemented via a Newton-
Raphson algorithm that iteratively solves the chemical equilibrium of a number of surface segments, computing feedback between 
surface chemistry, charge and potential as well as electrostatic forces at each step. The numerical implementation of the PBE 
solver was compared to available analytical solutions for flat planes4,5 and the speciation code was benchmarked against a 
PHREEQC implementation for a simple model system of Am(III) sorption on quartz. Calculations for 1D CR of parallel surfaces 
were compared to our previous 1D CR code (SINFONIA6) and test cases of 2D CR involving perpendicular surfaces were 
modeled. 
Am(III) sorption on two perpendicular quartz surfaces in a 10 mM NaCl solution at pH 6 is used as a 2D CR test case3. This 
geometry can serve as a proxy for angular nanopores or for the interaction between perpendicular basal planes of two clay 
minerals. The results show a more strongly negative potential in the corner of the domain where the diffuse layers interact. 
Correspondingly, the d-plane potential along the surface decreases towards the corner, driving a significant increase the relative 
uptake of Am(III) due to CR. These effects are more noticeable at lower Am(III) concentrations compared to higher concentrations, 
where surface charge and potential are shielded more effectively. 
Accurate knowledge of the surface chemistry and electrostatic environment in nanoscale and nanoconfined systems is relevant 
for a wide variety of clay-related topics including colloid stability7 as well as sorption and transport of ions through nanoporous 
media8. Our modeling results can potentially improve predictions of sorption- and anion exclusion coefficients and may help to 
constrain effective diffusion coefficients. These advances are relevant for a multitude of applications such as mobility of elements 
in environmental systems or natural and engineered barrier systems9 for deep geologic waste repositories, gas storage, and CO2 
sequestration. 
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Atomistic simulations of clay minerals provide detailed insight into the mechanisms governing transport, retention, and structural 
transformations. These processes are central to understanding the behavior of clays in environmental and engineered systems, 
where coupled structural and redox effects control ion mobility and reactivity. Smectites, a subgroup of 2:1 phyllosilicates, are of 
particular interest due to their high cation exchange capacity, compositional variability, and ability to incorporate both ferrous and 
ferric iron within their octahedral sheets. 
In this contribution, we present results from ab initio molecular dynamics (AIMD) simulations of structural transformations and Fe 
reordering in Fe-rich montmorillonite with full Fe substitution in the octahedral sheet. We investigate dioctahedral-to-trioctahedral 
transformations at representative edge terminations of the most stable and symmetric surfaces, namely (010) trans-vacant and 
(011) cis- and trans-vacant configurations. To promote these transformations and to reconstruct the associated free energy 
landscapes, we employ metadynamics together with AIMD. The transformation mechanism is described by the migration of an 
Fe atom between neighboring octahedral sites, leading to a change in local coordination environment. 
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Clay-rich materials are widely used as natural and engineered barriers to protect the environment from harmful pollution. The 
strong sorption capacity and low hydraulic conductivity of saturated clays limit transport of aqueous species to diffusion, so 
characterising diffusive transport and retention in clay-rich formations is essential for predicting the performance of barrier 
systems. 
Diffusion in porous media is often interpreted with Fick's law, which linearly relates the concentration gradient to the flux through 
the effective diffusion coefficient. Applied to cation transport in compacted clays, this simple model can yield unphysically high 
effective diffusion coefficients, sometimes exceeding those in pure water (Glaus et al. 2015). This enhancement is attributed to 
surface diffusion: an additional flux of cations enriched in the electrical double layer (EDL) compensating the electrostatic potential 
near the negatively charged clay mineral surface. Experimental investigations by Zerva et al. (2025) have explored the 
mechanisms underlying surface diffusion of Co²⁺ and Zn²⁺ tracers in compacted homocationic illites (Li, Na, K, and Cs). Their 
results suggest that the extent of surface diffusion, for both tracers and background electrolytes, is controlled by the EDL structure, 
which depends on the ionic strength and surface complexation of major ions on the basal surface. Still, the molecular-scale 
mechanisms underlying ion-specific interactions with the clay mineral surface in different background electrolytes (e.g. Li-, Na-, 
K- or Cs-rich solutions) remain poorly understood. 
To get molecular scale insights, the present study uses molecular dynamics (MD) simulations to probe the mobility of Zn²⁺, a 
common chemical analogue to a number of transition metal radionuclides and heavy metal contaminants, and the background 
electrolyte cations in the vicinity of homocationic illite and montmorillonite surfaces under varying background electrolyte 
conditions. The simulations provide spatially resolved diffusion profiles parallel to the basal surface and allow for explicit 
identification of contributions from ions located in the Stern and diffuse layers, thereby testing central assumptions of macroscopic 
surface diffusion transport models. 
The simulation setups comprise a mesopore of approximately 5 nm width confined by two TOT layers of homocationic illite or 
montmorillonite with a layer charge of -0.375 per (Mg,Al)2[(Al,Si)4O10](OH)2 formula unit. For every homocationic form of clay (Li-
, Na-, K-, and Cs-illite/montmorillonite), three electrolyte conditions are simulated (~0.1, 0.2 and 0.5 M). Chloride is present only 
in the 0.2 and 0.5 M systems. The 0.1 M systems are chloride-free, with charge balance maintained by the clay mineral surface. 
These systems closely resemble the conditions of the laboratory diffusion experiments. All simulations were conducted with the 
LAMMPS package (Thompson et al. 2022). Diffusion coefficients of Zn²⁺ and the background electrolyte cations as a function of 
distance from the surface were derived from the asymptotic behaviour of the mean square displacement, according to the Einstein 
relation. Further analysis of MD trajectories revealed ion-specific interactions with clay mineral surfaces as a function of structural 
charge distribution (octahedral vs. tetrahedral sheets) and background electrolyte concentration. 
Results from MD simulations confirm that the enrichment of Zn²⁺ in the EDL, and hence the extent of surface diffusion, is governed 
by the screening efficiency of the background cation via a competitive mechanism. The screening efficiency itself depends on the 
background cation identity, the ionic strength, and the location of the permanent layer charge.  
REFERENCES 
Glaus, M.A., Aertsens, M., Appelo, C.A.J., Kupcik, T., Maes, N., Van Laer, L., Van Loon, L.R., 2015. Cation diffusion in the 
electrical double layer enhances the mass transfer rates for Sr2+, Co2+ and Zn2+ in compacted illite. Geochim. Cosmochim. Acta 
165, 376–388. https://doi.org/10.1016/j.gca.2015.06.014 
Thompson, A.P., Aktulga, H.M., Berger, R., Bolintineanu, D.S., Brown, W.M., Crozier, P.S., In ’t Veld, P.J., Kohlmeyer, A., Moore, 
S.G., Nguyen, T.D., Shan, R., Stevens, M.J., Tranchida, J., Trott, C., Plimpton, S.J., 2022. LAMMPS - a flexible simulation tool 
for particle-based materials modeling at the atomic, meso, and continuum scales. Comput. Phys. Commun. 271, 108171. 
https://doi.org/10.1016/j.cpc.2021.108171 
Zerva, D., Glaus, M.A., Provis, J.L., Churakov, S.V., 2025. Diffusion and retention of Co2+ and Zn2+ in compacted homocationic 
forms of illite: Role of the electrical double layer. Appl. Geochem. 181, 106312. https://doi.org/10.1016/j.apgeochem.2025.106312 

 
  



Jasmund Award: Nadine Döbelin (KIT Germany) 
Time: Tuesday, 08/Sept/2026: 3:30pm - 4:00pm  ·  Location: ETH HG E3 Room 1 

Session Chair: Michael Plötze, ETH Zurich, IGT 
  

Potentials of Smectite Isotope Signatures 
Nadine Döbelin 

Karlsruhe Institute of Technology, Switzerland; nadine.kanik@kit.edu 
Smectite clay minerals preserve hydrogen and oxygen isotopic signatures that have the potential to reveal past climates and 
track mineral-water interactions, yet key questions regarding their long-term stability have remained unresolved for decades. Her 
presentation will highlight the developmental journey of recent methodological advances and discuss experimental insights into 
how isotopic signatures in smectite-rich materials respond to thermal conditions, sample preparation, and mineral–water 
interactions. 
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Clay pellets and clay granulates are well-known products for annular space sealings in water well construction. They are used in 
the same way for a wide range of applications in deep foundation always with the objective to protect and to divide different 
aquifers. One very important application is the sealing of annular spaces in ground water measuring sites. Especially in this kind 
of application, it might be necessary to guarantee a successful sealing in aquifers with high salt contents of complex occurrence 
of cations and anions. 
In this presentation three different clay blends – one granulate and two different pellets – were used in performanse tests. Although 
the content of smectites in all of the thre samples are in the same corrdior between 50 and 60 %, they show different performance 
even in tap water in accordance to swelling pressure and swelling volume. Further on they have been investigated by saturating 
deionized water with naturally occurring brine from a potassium mining district in different steps from 5 to 50%. 
As a result, the three clay blends have shown significantly different performance with regard to hydraulic conductivity under brine 
conditions. The highest acceptable saturation level for a successful sealing has been evaluated between 30 and 50 % saturation 
for one of the three clay blends. 
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Biocementation has emerged as a promising and sustainable alternative for soil strengthening and geohazard mitigation. 
Traditionally applied through injection techniques, its use has been largely limited to sandy soils. Recent advances, however, 
have demonstrated its potential in clayey soils, particularly for addressing geotechnical challenges such as desiccation cracking. 
Despite this progress, two key challenges remain: (i) achieving a homogeneous distribution of calcium carbonate within fine-
grained soils, and (ii) characterizing the resulting effects on volumetric and water retention behavior under unsaturated conditions. 
In this study, a novel biocementation mixing protocol was applied to ensure uniform calcite precipitation in clayey soils. The water 
retention curves and volumetric response of two biocemented clays treated at 5% and 10% calcite contents were then obtained. 
Results indicate that biocemented soils exhibit an increase in air entry value (AEV), reaching up to ~70% at 10% calcite content. 
Additionally, biocementation improved volumetric stability, reducing volumetric shrinkage under free-drying conditions by up to 
25%. This increase in AEV and reduction in volumetric strain suggest that biocementation can potentially delay and restrict 
desiccation crack initiation and propagation. Notably, the increase in AEV was found to be independent of clay type, suggesting 
a generalizable trend for treated fine-grained geomaterials. Ultimately, this experimental data provides a framework for 
understanding the unsaturated behavior of biocemented clays and lays the foundation for more targeted and efficient design 
strategies in geotechnical applications. 
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Improving the mechanical behaviour of weak sediments is a critical challenge in geotechnical engineering. Cement stabilization 
is widely used for this purpose; however, the environmental impact associated with cement production has encouraged the search 
for alternative or complementary materials. In this study, a binder system based on cement partially substituted with mussel shell 
powder is investigated as a potential solution for sediment stabilization. Two sediment types with different grain-size distributions, 
namely a silty clay and a silty sand, were treated using the proposed binder. Their geotechnical response was evaluated through 
a series of laboratory tests aimed at assessing both macroscopic mechanical performance and microstructural changes induced 
by the treatment. The experimental program included Atterberg limits determination, one-dimensional compression tests, and 
unconfined compressive strength (UCS) tests. In addition, microstructural observations were carried out using X-ray diffraction 
(XRD) and mercury intrusion porosimetry (MIP) in order to better understand the mechanisms responsible for strength 
development. The experimental results indicate that the incorporation of mussel shell powder can effectively contribute to the 
stabilization process. In several mixtures, the treated sediments exhibited strength levels comparable to those obtained with 
conventional cement stabilization. Microstructural observations suggest that the calcium carbonate content of the shell powder 
plays a role in improving particle bonding and modifying the pore structure of the material. Overall, the findings support the 
feasibility of using mussel shell powder as a partial cement substitute in sediment stabilization, contributing to more 
resource-efficient ground improvement solutions. 
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The polymer modification of clays for geotechnical applications depends strongly on both the polymer type and the modification 
method. Anionic polymers, which are mostly utilised for the modification of bentonites, have been associated with reduced 



permeability and enhanced swelling properties. In contrast, cationic polymers tend to neutralise the negative surface charges of 
smectite minerals and may therefore lead to effects opposite to those induced by anionic polymers. However, although anionic 
polymers generally provide favourable properties, the electrostatic repulsion between the negatively charged surfaces of smectite 
minerals and the polymers requires considerable effort to achieve effective adsorption of the polymers onto the smectite surface 
and interlayers. 
The present work investigates a novel approach for clay modification using amphoteric polymers. These polymers contain both 
negatively and positively charged functional groups. The underlying concept is that the cationic segments of the polymer chains 
can adsorb onto the negatively charged mineral surfaces through electrostatic attraction, or intercalate into the interlayer space, 
while the anionic segments provide additional repulsive forces that may enhance swelling and sealing properties. 
To evaluate this approach, an experimental programme was conducted to investigate the effects of two amphoteric polymers with 
different charge densities (high and low) on Secursol ® UHP bentonite produced by Stephan Schmidt Group under varying mixing 
conditions (high concentration and medium concentration). The experimental programme included tests for measurement of 
cation exchange capacity, water uptake, swelling pressure, and loss-on-ignition. The experimental results confirm both effective 
bonding of the polymer to the smectite and an improvement in the hydro-mechanical behaviour of the clay. 
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Water diffusion in clay-rich materials is a key issue for applications such as municipal and nuclear waste disposal, where 
preventing pollutant migration is essential. Most of the available experimental data on tracer diffusion in clay porous media are 
interpreted in terms of bulk porosity and, more recently, on the bulk value of clay particle orientation [1-3], while implicitly assuming 
a homogeneous distribution of these features in the sample. Nevertheless, these parameters can be heterogeneously distributed 
in natural and laboratory-made clay samples [4,5], and a quantitative assessment of the impact of these heterogeneities on water 
diffusion is still lacking. 
To address this gap, two-dimensional synchrotron micro-X-ray diffraction (SOLEIL Synchrotron, CRISTAL beamline) was used 
to map microstructural heterogeneities in porosity and clay particle orientation in two illite samples prepared in the laboratory. 
The two samples were prepared differently (compaction versus centrifugation method) with the aim of having a contrasted 
preferential orientation of clay particles. The obtained maps were integrated with the CrunchODiTi reactive transport code to 
calculate the macroscopic effective diffusion coefficient of water, taking into consideration the porosity and the orientation tensor 
of clay particles at each pixel of the map. 
The findings suggest that heterogeneity in the orientation of clay particles has minimal impact on effective diffusion coefficients, 
indicating that employing an average value is adequate. In contrast, porosity microstructure, probed through different patterns 
(i.e., homogeneous, bedding, and random patterns) for the same bulk porosity value, significantly affects the water effective 
diffusion coefficients as well as the anisotropy of water diffusion. 
By integrating microstructural heterogeneity mapping with diffusion calculations, this study provides a new framework for 
incorporating the textural properties of clay-rich rocks into predictions of water and solute transport. 
References: 
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The Impact of Heterogeneity on Sorption Behavior of Cesium on the Sandy-Facies of Opalinus Clay 
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The heterogeneity of clay host rocks can introduce uncertainties for the long-term safety assessment of high-level radioactive 
waste repositories if not characterized at relevant spatial scales. Therefore, understanding radionuclide sorption behavior in 
heterogeneous clay-rich geological formations is essential for evaluating radionuclide migration near deep geological repositories. 
This study investigates Cesium (Cs) sorption in the sandy facies of Opalinus Clay (SF-OPA) from the Mont-Terri Underground 
Rock Laboratory (URL), Switzerland. SF-OPA exhibits pronounced heterogeneity from micro- to macro-scales. To quantify this 
heterogeneity, the concept of representative elementary volumes (REV) (Bear and Bachmat, 2012) was applied. The work 
particularly focuses Cs sorption at cm–dm scale and microscopic observations at µm–mm scale. Clay rock samples from drill 
cores BDR-D1, -D2, and -C1 (upper sandy facies) and BMB-A7 (lower sandy facies) were investigated. According to Lauper et 
al. (2021), the cores belong to sub-facies 2 and 3. Porewater compositions proposed by Heberling et al. (2023) were adopted for 
the DR-D and -C locations, whereas BMB-A7 porewater followed Gimmi et al. (2014). 
The results demonstrate that no single REV can generally characterize clay rock heterogeneity. Depending on the investigated 
parameter and orientation relative to bedding, different REV values were obtained. Representative elementary lengths (REL, 
perpendicular to bedding) ranged from approximately 30–140 cm for sub-facies 2 and 10–100 cm for sub-facies 3, whereas along 
bedding planes, 2 cm drill-core sections were representative for layers extending over more than 20 m. A minimum REV of 
approximately 85 cm3 was identified for reliable mineralogical characterization. Reducing sample volume from 2000 cm3 to 1 cm3 



increased the variability of illite content from ±0.75 wt.% to ±8.0 wt.%, highlighting the strong scale dependence of mineralogical 
heterogeneity. 
The influence of heterogeneity on Cs retention was investigated using autoradiography, SEM-EDX, and µ-CT imaging. Surface 
sorption experiments with 137Cs combined with autoradiography demonstrated preferential Cs retention in clay-rich domains, most 
likely associated with illite-bearing phases, consistent with Bradbury and Baeyens (2011). Complementary µ-CT imaging following 
inactive Cs diffusion experiments revealed enhanced Cs accumulation in clay-rich layers and comparatively lower retention in 
quartz- and carbonate-rich regions. Both methods consistently demonstrate that clay mineral distribution controls Cs retention at 
sub-centimeter scales. 
However, the impact of heterogeneity decreases significantly for homogenized sample volumes ≥1 cm3. Batch sorption 
experiments showed only limited variability in Cs sorption across all investigated volumes. For experiments using an initial 137Cs 
concentration of 10-5 mol L-1, log(Rd) values ranged from 2.3 to 3.1 log(L kg-1), while the scattering remained below ±0.3 log units, 
indicating that sample volumes as small as 8 cm3 can represent the overall sandy facies (Steegborn, 2024). Differences between 
upper and lower sandy facies became evident when tested in their respective pore waters, resulting in log(Rd) ranges of 2.6–3.1 
log(L kg-1) and 2.2–2.9 log(L kg-1), respectively. 
Low-concentration isotherms were further investigated using 137Cs tracer concentrations of 10-12–10-10 mol L-1, below the natural 
dissolved background Cs concentrations (~10-9 mol L-1). Stable carrier concentrations originating from the commercial tracer 
solution ranged from 10-10 to 10-8 mol L-1. Additional experiments involving equilibration with porewater only and microwave 
digestion followed by ICP-MS analysis were performed to evaluate natural Cs behavior. Equilibrium aqueous 137Cs concentrations 
derived from activity ranged from 10-14 to 10-11 mol L-1. Assuming isotopically identical sorption behavior for radioactive and stable 
Cs, measured log(Rd) values for the carrier-radioactive and radioactive-only systems were approximately 3.34 ± 0.02 log(L kg-1). 
In contrast, the natural Cs system exhibited Rd values approximately one order of magnitude higher, indicating that a substantial 
fraction of natural Cs is irreversibly bound, probably within illite interlayers. 
PHREEQC modeling using the generalized cesium (GCs) and 2SPNE SC/CE sorption models successfully reproduced the 
experimental data, confirming that the “bottom-up” sorption approach developed for shaly facies is also applicable to sandy facies 
with lower clay mineral content. Overall, despite pronounced mineralogical heterogeneity across multiple spatial scales, only 
limited variability in Cs sorption behavior was observed. The results indicate that Cs sorption in SF-OPA can be adequately 
represented using facies-specific average sorption properties and is influenced mostly by porewater chemistry and by local 
mineralogical variations (illite content). 
References: Bear and Bachmat (2012); Bradbury and Baeyens (2011); Gimmi et al. (2014); Heberling et al. (2023); Lauper et al. 
(2021); Steegborn (2024). 
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The Jurassic Opalinus Clay in Switzerland is considered a suitable host rock for the disposal of nuclear waste, because of its 
self-sealing properties, which amongst others are caused by swelling clay minerals such as smectites. The most important 
potential pathways for radioactive releases from the Opalinus Clay are tectonic faults. Hence clay mineralogical differences 
between host and fault rocks are of great interest. This study investigates if the self-sealing properties of the clay are influenced 
by the formation of faults with small displacements.  
Samples were taken from drill cores from the Opalinus Clay between 550 to 860 m depth provided by Nagra. Seven sample pairs 
of mudstones from mm- to cm thick fault zones with very small displacement and adjacent, non-deformed host rock were 
compared in order to investigate whether clay minerals in fault rocks are less capable of swelling and therefore have a lower 
potential for self-sealing compared to their surrounding rocks. For this, bulk and clay mineralogy, total organic carbon content 
and cation exchange capacity (CEC; using the Cu-trien method) of 14 mudstone samples were analyzed. To identify 
microstructures, the samples were examined using a digital microscope and scanning electron microscope. 
Based on the measured lengths of grooves behind ploughing clasts and synkinematic fibrous minerals on individual slip surfaces, 
displacements of less than 4 mm were identified. Furthermore, a mechanical grain size reduction was identified on the shiny slip 
surfaces. As already demonstrated by [1], deformation only occurs in few tens of µm narrow sections and produces a mechanical 
disintegration of detrital phyllosilicates. In one sample the slip surface is covered with spherical nanoparticles, which are post-
tectonic in origin. Despite low slip displacements, shear sense is recognizable in most of the samples.  
Bulk samples consist of 21 to 39 wt% quartz, 2 to 3 wt% K-feldspar, 2 to 3 wt% plagioclase, 5 to 25 wt% calcite, 1 to 2 wt% 
ankerite, 0 to 17 wt% siderite, 0 to 5 wt% pyrite, and 40 to 62 wt% clay minerals. Adjacent sample pairs from fault and host rock 
samples show no significant difference in mineralogical composition. However, most fault rock samples show a tendency to lower 
quartz contents and higher clay mineral contents.  
Minor differences between host and fault rock samples can be seen in the clay mineralogy of the <0.2 µm fraction, total organic 
carbon content, and the cation exchange capacity. X-ray diffraction indicates a little increase of illite in illite/smectite (I/S) mixed 
layer minerals of fault rocks compared to host rocks. Host rock samples consist of (R1) I/S containing 73-74 % illite, whereas fault 
rock samples consist of (R1) I/S containing 77-80 % illite. Additionally, the <2 µm samples from fault zones have a lower CEC 
and a higher organic carbon content. The host rock specimens show CEC values of 35 mmol/100g, compared to the adjacent 
fault rocks, which show CEC values of 17 and 26 mmol/100g. 
The fine clay fractions of fault rocks show a trend to increased illite contents and lower cation exchange capacity. This points 
towards minor mineralogical changes even in areas with very limited deformation.  
[1] B. Laurich, J. L. Urai, G. Desbois, C. Vollmer, C. Nussbaum, Microstructural evolution of an incipient fault zone in Opalinus 
Clay: Insights from an optical and electron microscopic study of ion-beam polished samples from the Main Fault in the Mt-Terri 
underground research laboratory, J. Struct. Geol., 67, 107–128, https://doi.org/10.1016/j.jsg.2014.07.014, 2014. 
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Anion exclusion is a key process controlling the transport of anionic species in clay-rich materials. It is usually described as the 
partial exclusion of anions from negatively charged clay surfaces, leading to a lower accessible porosity compared with one 
available for transport of uncharged species and cations. Although anion exclusion mechanisms have been studied extensively 
in compacted smectites and claystones, much less systematic information is available for illite, despite its importance as a major 
clay-mineral component in many argillaceous host rocks. This study reveals the pivotal role of exchangeable cation in the extent 
of anion exclusion and surface diffusion of cations in compacted illite. 
Illite du Puy was converted into four homoionic: Li-, Na-, K-, and Cs-illite forms. Compacted homoionic illite samples were 
equilibrated with the corresponding chloride electrolyte solutions over a broad range of ionic strengths. After equilibration, the 
anion concentration in the accessible pore space was quantified by aqueous extraction followed by ion chromatography. This 
approach allowed the comparison of cation-specific effects under controlled chemical and compaction conditions. The 
experimental data were interpreted with the electrical double layer model in which cation uptake in the Stern layer screens the 
structural surface charge, while the Donnan approximation is used to describe the distribution of mobile species between the 
Donnan layer and the bulk-like pore solution. 
The chloride data show a clear and systematic dependence of anion exclusion on the major exchangeable cation. Li- and Na-
illite exhibit pronounced anion exclusion, K-illite shows an intermediate behaviour, and Cs-illite approaches nearly complete 
chloride accessibility already at low ionic strength. This trend can be explained by increasingly efficient surface charge 
compensation in the Stern layer from Li⁺ to Cs⁺. The experimental data were successfully modelled using the Donnan 
approximation for the electric double layer and surface complexation of the background electrolyte cations. According to the 
model, the surface complexation constant increases from Li to Cs. Strong complexation leads to efficient screening of the surface 
charge. The corresponding surface complexation trend agrees with hydration enthalpy of cations. Strongly hydrating ions such 
as Li⁺ and Na⁺ are likely to form outer-sphere complexes providing weak screening, whereas weakly hydrated cations such as 
K⁺ and especially Cs⁺ forms strongly bound inner-sphere complexes effectively screening the surface charge. 
Finally, the thermodynamic model was applied to previously measured diffusion data for ⁵⁷Co²⁺ in the same homoionic illite forms 
(Zerva et al., 2026). The main trends in Co²⁺ effective diffusion could be reproduced when cation-specific mobility factors were 
considered. This suggests that anion exclusion and cation surface diffusion are not independent phenomena, but reflect the same 
underlying balance between surface charge, Stern-layer screening, porewater partitioning, and ion mobility. These results 
highlight the importance of background electrolyte speciation in controlling transport-relevant pore space in compacted illite. 
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The Boda Claystone Formation (BCF) is considered the top-ranked potential host rock for high-level nuclear waste (HLW) 
repository in Hungary. The targeted, systematic research into the formation for HLW disposal began in the early 1990s. Since 
then, hundreds of samples have been submitted for XRD, thermal analysis, and TEM and SEM-based mineralogical and clay 
mineralogical analysis. By synthesizing these results, we aim to provide an overview of the clay mineral composition of BCF and 
its relationship to the microstructure and physicochemical properties. 
The fairly homogeneous, 600–800 m thick, massive, red BCF occurring in the western part of Mecsek Mts. (SW Hungary) is 
composed mainly of albite- or analcime-rich claystones and siltstones. The middle-upper Permian playa lake formation exhibits 
favourable properties for radioactive waste isolation, including extremely low permeability, good radionuclide adsorption, and very 
limited diffusion (Fedor et al. 2019). Its porosity is also very low, but it is distributed heterogeneously. In addition, some 
geotechnical features (e.g., convergence measurements) show anisotropy. This inhomogeneous behaviour suggests that the 
submicron texture – and thus clay minerals – play an important role in determining the physical properties. 
From the point of view of HLW disposal, three particularly important rock types can be distinguished: illite-rich claystone, albitic 
siltstone, and analcime-bearing BCF (15% analcime) with illite, albite, carbonates, and hematite as dominating minerals. The clay 
mineralogical character of BCF is definitely illitic, at first sight seeming very uniform. Chlorite is another common clay mineral in 
the formation, but it is only present in a few percent. A key distinction of the analcime-bearing sample is the occurrence of 
interstratified chlorite-smectite (~50% smectite with tetrahedral charge) beside the dominant illite. In addition, the presence of 
smectite and vermiculite, mainly in the form of interlayered chlorite–swelling clay mineral, is limited to the tectonized zones and 
surficial outcrops, indicating meteoric alteration. The illite contains no more than 5% smectite component. The determination of 
illite crystallinity and direct TEM imaging revealed a very small crystallite size. The thickness of illite particles is usually around 
five layers. The crystallites in the albitic siltstones are slightly coarser – sometimes exceeding 100 nm – than in the claystone. 
Heat treatments combined with XRD analysis and thermogravimetry revealed a variable and significant (2.7 w%) water content 
of illite. Based on their crystal structure and chemical composition, it has become possible to identify two types of illite in BCF: a 
2M polytype 10 Å phyllosilicate that is almost free of Fe and Mg, indicating a normal dioctahedral mica, and a 1M polytype that 
contains Fe and Mg in addition to Al, with a composition close to aluminoceladonite. In illite-rich BCF, uniformly thick packets of 
illite platelets form a fishbone parquet pattern. A typical textural feature of the BCF is the close, oriented association of very thin 
illite plates with partially interplated nanosized lamellar hematite crystals. Another characteristic, and particularly interesting, 
submicron-scale feature of the texture is the concentric arrangement of illite and hematite platelets that form spherical aggregates. 
Chlorite forms relatively large packets (100-200 nm), commonly occurring as a triangular junction with a 20 nm cavity in the 
middle. All such structured textures are accompanied by the development of nano-scale porosity, which may explain the unusual 
meso- and macrophysical behaviour observed in BCF – some kind of mechanical anisotropy, self-healing ability and expansion 
strength despite the absence of true swelling clay minerals. Furthermore, extraordinary thinness of illite crystals and nano-scale 
voids enhance the sorption capacity due to the increased specific surface area. The relatively high but variable maximal 
adsorption capacities for Co (0.15 mol/kg), Cs (0.09 mol/kg) and Sr (0.28 mol/kg) indicate different sorption mechanisms. Ion 
exchange drives Co2+ sorption, Cs+ is chemisorbed, and carbonate precipitation has a significant role in Sr2+ immobilization. 
The beneficial physical and adsorption properties, combined with its mineralogical composition, make Boda Claystone Formation 
a promising candidate for long-term HLW disposal. However, one must be cautious, because even an extremely monotonous 
and uniform formation can exhibit variable properties. This may be due to the fine details of the clay mineralogy and the submicron 
texture. 
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Lagaly-Award Lecture: Structure and dynamics of water in clays across scales 
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Lagaly-Award Lecture: 
The interaction of water with clay interfaces is a topic of permanent interest in the field of environmental sciences, given its 
influence on a multitude of processes, including the water cycle, swelling and shrinkage of soils, and the migration of pollutants. 
Among the various types of clay minerals, those that exhibit swelling properties are particularly noteworthy due to their extensive 
surface area in contact with the surrounding environment and the large quantity of adsorbed water in the form of a single 
monolayer of water molecules. For illustrative purposes, the quantity of water associated with the hydration of swelling clays in 
the upper 2 kilometers of the Earth's crust is estimated to be approximately ten times that of all the lakes on the Earth's surface 
or twice the total quantity of drinking water. 
The structural and dynamical properties of adsorbed water at the surface of clay minerals, situated halfway between those of 
liquid water and ice-like water, represent a particularly challenging area of research. These characteristics have attracted 
significant attention since the pioneering studies of the swelling clays conducted in the 1930s and has largely beneficiated from 
the development of numerical simulations and their coupling with experiments. In addition, the question of the upscaling of water 
properties (molecular to decimeter) in the mechanistic description of the parameters controlling macroscopic diffusion processes 
is particularly important. The preferential orientation of lamellar clay particles indeed leads to wide variability in the geometry and 
connectivity of the pore network. At these scales, recent progress has been made in calculating transfer properties from 2D/3D 
models of virtual clay porous media or from imaging techniques.  
This presentation will focus on the progress made in understanding the structural and dynamic properties of adsorbed water, and 
how these properties can be incorporated in the prediction of macroscopic water transfer.  
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Clay has been used as a construction material for more than 9,000 years and historically represented one of the principal building 
materials in dry tropical and temperate regions (Minke, 2006). In Central Europe, the traditional use of clay in vernacular 
architecture gradually declined during the 19th century due to the industrial production of alternative building materials, particularly 
fired bricks and concrete. However, increasing attention to ecological sustainability in recent decades has renewed interest in 
clay as a sustainable and environmentally friendly construction material (Minke, 2006; Schauppenlehner et al., 2021). 
This study focuses on the characterization of ten clay-rich materials currently used, to varying degrees, in earth construction, 
primarily for clay plasters, polished earthen floors, and unfired compressed bricks intended for non-load-bearing walls. Four 
samples were collected from active or abandoned clay extraction sites, while six samples originated from shallow random pits 
(up to 1 m deep), except for one sample obtained from a depth of 7 m. Three samples were analysed after drying and grinding, 
whereas seven samples were investigated in their natural state. The characterisation was performed by X-ray diffraction (XRD), 
grain-size analysis, geotechnical analyses (liquid limit, plastic limit and plasticity index), and simple field test (ball dropping test, 
cohession test (ribbon test), and linear shrinkage; Minke, 2006) 
Grain-size analysis revealed considerable variability among the studied materials. Fine-grained particles (<0.063 mm) constituted 
the dominant fraction in most samples, although two samples exhibited predominantly sandy characteristics. The heterogeneity 
of the materials was further confirmed by quantitative XRD, which identified substantial variations in the abundance of major 
mineral phases, including quartz (12–64 wt.%), calcite (0–52 wt.%), kaolinite (0–15 wt.%), and 2:1 dioctahedral phyllosilicates 
(18–44 wt.%). 
Consistency limits, which are closely related to the mechanical and hydraulic behaviour of earthen materials, also showed 
significant variability. Higher liquid limit (LL) values are generally associated with lower permeability and improved sealing 
properties, but also with reduced shear strength. The highest LL (102%) and plastic limit (PL; 40%) were recorded in a ceramic 
clay sample dominated by mixed-layer illite–smectite and quartz. In contrast, the lowest PL (18%) and LL (30%) values were 
measured in clayey-stony deluvial sediments derived from Lower Cretaceous variegated marls and calcareous sandstones, 
containing up to 52 wt.% calcite. 
The results of the standard laboratory analyses were compared with those obtained from simple field tests. The strongest 
relationship was observed between the mineralogical composition, determined by XRD, and the geotechnical properties assessed 
through the simple field shrinkage test. In particular, the content of swelling clay minerals and quartz exhibited a significant 
influence on the shrinkage behaviour of the studied materials. In contrast, the relationships between the remaining simple field 
tests and the results of standard laboratory analyses were less evident and did not show a clear correlation. 
Despite pronounced differences in mineralogical composition and physical-mechanical properties, the majority of the investigated 
materials demonstrate potential for application in earth construction, particularly as coarse, fine, or polished clay plasters. 
Acknowledgements: We would like to thank Zuzana Kierulfová, Eva Proroková and other members of the ArTUR Association 
for providing study material. The work was supported by the project APVV-24-0643. 
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Kaolin-based silicate ceramics and refractories usually contain significant amounts of X-ray amorphous phase, ranging in 
composition from kaolinite decomposition products (i.e. the highly defective alumina-silica spinel-like phase) to an impurity-
containing silica-based glass phase in the strict sense. The technological importance of this amorphous phase consists in the 
fact that, when present in substanitial amounts, it significantly affects almost all properties (e.g. mechanical and thermophysical), 
and the high-temperature behavior of these materials. The latter is most critical in refractories, where creep can occur due to the 
softening of the amorphous phase. Therefore, the determination of the content and composition of the amorphous phase is 
generally very important. The standard method for determining the amorphous phase content is Rietveld-based quantitative 
phase analysis based on powder X-ray diffraction data (XRD-QPA) via the internal standard method. However, this method – 
albeit widely used – has severe pitfalls, mainly caused by the absorption coefficients contrast between sample and standard, and 
the uncertainty of absorption corrections. Therefore, in any case, a cross-check should be performed via the chemical 
composition. In particular, when the oxide contents calculated on the basis of XRD results are subtracted from the oxide contents 
determined directly via X-ray fluorescence (XRF) analysis, the contents of residual oxides should give a reasonable composition 
for the amorphous phase (at the very least, all residual oxide contents in the amorphous phase must be non-negative, otherwise 



the XRD result is seriously in error and has to be discarded).  
In this contribution, which is part of the project “New methods for glass phase determination and their application for the effective 
property prediction of silicate ceramics and refractories” (project GA 25-16482S) funded by the Czech Science Foundation, we 
explain the principles of an alternative standard-free approach for estimating the amorphous phase content and composition, the 
amorphous minimum estimate (AME) approach. Based on the relative phase contents of the crystalline phases alone (without 
the amorphous phase), as determined via XRD (evaluated by the Rietveld method), and the overall chemical composition of the 
material (in terms of oxide contents), as determined via XRF, the crystalline phase contents are renormalized in order to make 
all residual oxide contents in the amophous phase non-negative (with one of them being zero). The complement to unity of the 
renormalization factor is then an unbiased estimate of the minimum amorphous phase content, i.e. the amorphous minimum 
estimate (AME). Thus, in addition to the content of amorphous phase also its composition can be inferred via the AME approach. 
Results of the AME approach are presented for pure kaolin-based fine ceramics, kaolin-based ceramics with mullite addition, 
kaolin-and-quartz based ceramics, kaolin-based coarse ceramics (fireclay and high-alumina refractories), and selected ceramics 
from the system CaO-Al2O3-SiO2 (CAS). An outlook is given on how this information can be further used for the prediction of 
the elastic properties and thermal conductivity of kaolin-based silicate ceramics and refractories. 
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Natural clay materials are widely used in ceramic production, but their use can be limited when iron-related impurities are present, 
as these may affect the colour and quality of the fired products. In this study, three Italian clay materials, referred to as ABS, PS, 
and NUR, were examined to evaluate whether oxalic acid leaching could be used as a low-impact method to improve their 
suitability for ceramic applications. The samples were characterised by particle-size classification, X-ray fluorescence (XRF), and 
X-ray diffraction (XRD) to understand their chemical and mineralogical features. Oxalic acid treatment was then applied under 
controlled conditions to reduce the iron oxide content while keeping the main clay structure largely unchanged. The results 
showed that ABS and NUR responded well to the treatment, showing lower iron contents and better behaviour after firing. In 
contrast, PS showed only a weak response to leaching and did not develop suitable ceramic properties under the tested 
conditions. Overall, this work supports the potential of local raw clay materials as an alternative to imported sources for ceramic 
production. Under the tested experimental conditions, oxalic acid leaching, as an environmentally friendly method, improved the 
properties of the selected clays for ceramic applications. A detailed economic evaluation, however, was not part of this study, 
and assessing the industrial and economic potential of the treatment remains a task for future work. 
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A strategy for the progressive decarbonization of the cement industry involves the utilisation of alternative supplementary 
cementitious materials (SCMs) [1]. Although thermal activation (TA) is well established for clays containing the 1:1-phyllosilicate 
kaolinite, it fails to achieve sufficient reactivity for many 2:1- and 2:1:1-phyllosilicates [2]. In contrast, mechanochemical activation 
(MCA) has been shown to increase the reactivity of these phyllosilicates to levels suitable for the application as SCMs [3-5]. 
Slates and shales – rocks with high contents of 2:1 and 2:1:1 phyllosilicates – represent an underexplored available resource in 
Europe. They occur in large quantities in stockpiles, generated as by-products of roof slate production, being subsequently 
deposited rather than kept in the life cycle.  
Despite this availability, their potential as SCMs has not yet been proven. This study therefore investigates whether MCA provides 
suitable reactivity for their use in low-carbon binders and how the various compositions affect the activation process. Additionally, 
the upscaling of MCA from laboratory conditions to construction applications remains challenging due to inhomogeneous 
activation, variable mineralogical compositions and their effect on the resulting reactivity. Therefore, this study assesses both the 
activation potential and initial feasibility of scaling up the method. 
In this study, a total of 22 slate and shale samples were provided by quarry suppliers in Germany and Austria. To reduce the 
sample set while preserving its representativeness, all samples were initially analysed by X-ray powder diffraction (XRD). Based 
on the XRD results, a representative sample matrix was selected, covering the different geographical origins, mineralogical 
compositions, and phyllosilicate contents. The reduced sample matrix was subsequently activated by MCA in a planetary ball mill 
for 20 and 40 min. The resulting activation degree and chemical reactivity were assessed using differential thermogravimetry 
(DTG) and the R3 calorimetry Test. 
The results demonstrated that for all investigated samples, the phyllosilicate content exceeded 40 wt.%, except for one sample 
from Austria containing only 15 wt.%. Within the identified crystalline phases, chlorite and muscovite occurred most frequently, 
whereas kaolinite, smectite, and illite were present in some samples but in lower amounts. Regarding the non-phyllosilicate 
phases, quartz constituted a substantial proportion. Initial tests regarding the pozzolanic reactivity indicated that after 40 min of 
MCA, the R3-test showed cumulative heat releases from 300 to 370 J/g for samples with a phyllosilicate content above 40 wt.%, 
suggesting sufficient reactivity for the use as SCM. Furthermore, the DTG curves demonstrated that prolonging milling duration 
shifted the dehydroxylation peak to lower temperatures, which may be explained by the weakened OH-bonds within the mineral 
structure. 
This study aims to evaluate the potential of slate and shale waste as alternative SCMs in low-binder systems by correlating 
mineralogical composition, degree of activation and pozzolanic reactivity. By identifying the key compositional and process 
parameters, the findings will contribute to a broader assessment of slates as sustainable materials for low-binder construction 
applications. 
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The use of bentonite as an engineered barrier for high-level radioactive waste repositories has been supported for several 
decades by extensive fundamental research on swelling behavior, cation exchange, and long-term stability of smectite clay 
systems. These studies have provided a well-established basis for understanding barrier performance under repository-relevant 
conditions and timescales. 
With the commissioning of the first deep geological repository, attention is increasingly shifting from model systems toward large-
scale industrial implementation. From a mining and industrial perspective, constraints in extraction, processing, qualification, and 
supply influence how bentonite is selected and applied in repository systems. 
One important aspect concerns the natural variability of bentonite deposits. The mineralogical and geochemical heterogeneity 
observed at the deposit scale must be reconciled with material specifications and performance-based selection criteria such as 
swelling pressure and hydraulic conductivity. However, datasets generated during exploration and mining are typically not aligned 
with the criteria defined for qualifying bentonite in engineered barrier applications. Consequently, complementary characterization 
strategies that bridge geological, mineralogical, and geotechnical perspectives are required. 
Material qualification also involves practical considerations related to testing and production workflows. Key performance 
parameters are determined through time-intensive laboratory tests and are typically only available at later stages of processing. 
In response, industrial practice relies on batch-wise subdivision, intermediate storage, and subsequent homogenization following 
approval. These processes are designed to reduce risks associated with large production volumes and to ensure compliance 
with specification requirements. 
Processing steps such as drying, compaction, and crushing influence the properties of the final bentonite product, with dry density 
as the key parameter effectively defining the initial state for subsequent barrier evolution. Maintaining consistent material 
properties under these conditions is essential for reliable repository operation. 
In addition to material properties, the robustness of the supply chain is critical for industrial implementation. Logistical and 
economic factors, including long-term supply agreements and transport requirements, are essential to ensure a reliable and 
continuous supply of large volumes of specification-compliant bentonite over extended periods. 
During industrial implementation, new questions will arise that require continued dialogue between scientific and industrial 
perspectives. Over the projected operational lifetime of a repository, a shared understanding of bentonite behavior under 
repository-scale conditions is essential for ongoing technical and economic optimization. 
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The Iron Corrosion Related Alteration of Bentonite and its Impact on the Sorption and Diffusion of 
Selected Radionuclides 
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Geological disposals for high level nuclear waste often foresee the application of bentonite to improve the isolation of the 
radionuclides from the biosphere. The montmorillonite dominated clay material is well suited for this task, due to its swelling 
capacity, the low hydraulic conductivity, and the high sorption capacity towards many radionuclides. Initially, the near field of a 
waste repository undergoes a thermal phase with elevated temperatures. At the same time the bentonite is slowly saturated with 
groundwater. As groundwater reaches iron-based waste canisters, canister corrosion will release hydrogen and dissolved Fe(II). 
Numerous studies investigate the thermal behavior and saturation processes of bentonite. Also bentonite alteration reactions in 
presence of Fe(II) at various conditions have been studied. Nevertheless, information about the impact of related mineral 
alterations on the radionuclide sorption and diffusion behavior in bentonite is scarce. In our contribution we present two series of 
scoping experiments, paving the way towards systematic investigations on the impact of iron induced bentonite alteration on 
radionuclide migration through the bentonite buffer. 
Bentonite-alteration products are not readily available, difficult to synthesize, and highly sensitive to oxygen. A first set of 
experiments, therefore, aimed at the synthesis of relevant alteration products. Batch type alteration experiments were conducted 
using Gaomiaozi (GMZ) or MX-80 bentonite (or kaolinite for comparison) as clay educt and iron powder as iron source. 
Suspensions with a solid liquid ratio of 15 g /L and an iron to clay ratio of 0.5 g/g in 0.03M NaCl were stored at 90°C. Some vials 
were cooled down after 4 months for further alteration at room temperature. Alteration was monitored for up to 9 months. 
Suspensions showed rapid delamination of montmorillonite. Simultaneously, the clay took up about 30 atom-% iron. In the 
experiments at 90°C a small (00l) peak of a 1:1 phyllosilicate (d(00l) = 7.23 Å) emerged after 3 month and became more pronounced 
during the following four months. Alteration at 90°C and at room temperature lead to a more well crystalline reaction product (d(00l) 
= 7.15 Å). XANES measurements showed that iron in the 1:1 phyllosilicates consisted to 30±20% of iron(III). The only observable 
byproducts (Fe(0) and occasional magnetite) can easily be removed by density separation with CH2I2. All tested clay educts, 
GMZ and MX-80 as well as kaolinite, tend towards a similar final composition. A tentative solid-solution model is suggested 
describing the reaction product as an ideal mix of greenalite, hisingerite, halloysite, and chrysotile. 
However, batch-alteration conditions are not a good representation of the repository near field. For a more realistic assessment 
of expectable reactions in the bentonite buffer next to iron canisters, experiments were performed using compacted GMZ 
bentonite (1.6 g/cm3) in diffusion cells as clay educt. Again, iron powder was used as iron source. Alteration was run in 8 cells for 



three months at 90°C or 25°C. After the alteration period the cells were used for through diffusion tests at room-temperature, with 
HTO and 36Cl- as tracers. Afterwards the cells were dismantled and sliced for post-mortem analysis and sorption tests with 137Cs+ 
and 60Co2+. 
Only samples altered at 90°C showed a noticeable alteration. There, a greenish discoloration up to 5 mm from the iron source is 
the most prominent sign of alteration. In direct vicinity of the iron source, montmorillonite delaminated (loss of (00l) diffraction 
peak), and magnetite was detected. Further from the iron source montmorillonite showed small modifications of the crystal 
structure and an increased iron content of 8±4 atom-%. Locally, we found serpentine like Fe-silicates with exactly the same 
composition as after batch alteration experiments. 
In the strongly altered diffusion cells the diffusivity for HTO and 36Cl- was decreased. The overall porosity (29 ±4%) was not 
affected by the alteration, but the effective HTO diffusion coefficients decreased from 10.0±0.2 (10-11 m2/s) to 2 – 4 (10-11 m2/s)). 
This can likely be assigned to an increase in tortuosity, which might be explained by clay delamination. Changes in anion 
accessible porosity (from 15±2% to 8±3%) account for the changes of the effective diffusion coefficient of 36Cl- (from 1.9±0.2 (10-

11 m2/s) to 0.8±0.2 (10-11 m2/s)). 
The sorption capacity of compacted bentonite towards 137Cs+ and 60Co2+ was not significantly affected by the iron induced 
alteration. 
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At the meanwhile closed URL Äspö a couple of different medium to large scale bentonite-canister deposition tests were conducted 
which provided a set of valuable findings to understand both THM and chemical (mineralogical) processes going on. In addition, 
laboratory tests helped to understand part of these reactions taking place in a bentonite barrier. In 2023, Kaufhold et al. 
summarized the mineralogical reactions and discussed the possibilities to model each of them. Since then, however, a further 
chemical/mineralogical reaction was discovered which was not described in the 2023 study. Mössbauer spectroscopy conducted 
on samples from Prototype repository (PTR), Long term test of bentonite buffer (LOT), and Alternative buffer material (ABM) tests 
showed a pervasive reduction of structural Fe3+ in the smectites. As an example, Prototype reference clays were about 30% Fe(II) 
and 70% Fe(III), while field samples were closer to 40% Fe(II) and 60% Fe(III). The extent of the reduction did neither significantly 
depend on the distance to the heater (thermal gradient) nor on water contents. In the comparably dry deposition hole 2, however, 
less reduction was found which points to a discrete chemical/mineralogical reaction leading to ferric iron reduction. Simultaneous 
thermal analysis was used to investigate changes of both the pyrite and organic matter (OM) content which could both could be 
oxidized leading to reduction of ferric iron of the smectite. Small changes of the pyrite content were detected in the wet deposition 
holes DH1, DH3, and DH4 while no change was observed for samples from DH2. Assuming a partial oxidation of pyrite (content 
about 0.5 mass%), however, cannot explain the pervasive ferric iron reduction which based on mass balance calculations would 
require almost complete pyrite oxidation. Oxidation of OM, on the other hand, could not be proved distant to the heater and close 
to the heater the OM signal was obscured by the lubricant used to setup the experiment. 
In contrast, the same Wyoming bentonite in the LOT S2 (90 °C) and A3 (140 °C) experiments, were reduced up to 50% Fe(II) 
and 50% Fe(III), showing no difference between the experiments despite their difference in temperature (Svensson et al. 2024). 
There are plenty of observations of the ferric reduction, but still the underlying mechanism, therefore, is still to be discovered. 
Kaufhold S, Dohrmann R, Wallis I, Weber C. Chemical and mineralogical reactions of bentonites in geotechnical barriers at 
elevated temperatures: review of experimental evidence and modelling progress. Clay Minerals. 2023;58(3):280-300. 
doi:10.1180/clm.2023.26  
Svensson, D, Bladström, T, Dueck, A, Nilsson, U, Jensen, V, Lindén J, Lindroos, F, Turner, M R; Hillier, S. Long term test of 
bentonite buffer (LOT) at the Äspö HRL. Evaluating bentonite stability in the LOT A3 and S2 experiments after 20 years of heating. 
SKB report TR-24-02. 2024. 
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Releases of varying pharmaceutical pollutants in the environment are increasing. These pollutants, toxic and no degradable, are 
usually the source of many harmful health effects. The present work aimed at testing Y zeolite hydrothermally synthesized by the 
autoclave method, in alkaline medium, using DD2 kaolin which was extracted from the Djbel Dbagh mountains, located in Guelma 
province in Algeria in order to remove the pharmaceutical pollutant (pyridoxine v B6). The synthesized Y zeolite can be efficiently 
used for pyridoxine v B6 adsorption at very low adsorbent dose 1 g of Y zeolitewith the solid/liquid ratio of 1/200 at natural pH 
and temperature below 22 °C. The structural and textural characteristics of the microporous material synthesized from DD2 kaolin 
before and after treatment, were analyzed using XRD and SEM. Gas adsorption measurements will be carried out to investigate 
the surface area and microporosity. This study was supported by theoretical modeling using Density Functional Theory (DFT) 
and molecular dynamics (MD) to investigate the adsorption mechanism and predict the nature of interactions between the 
adsorbate and the adsorbent surface. 
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Broadband optical absorption of kaolinitic ignimbrites with variable iron content: Implications for 
functional minerals applications 
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Central Anatolia constitutes a high plateau at an elevation of approximately 1400–1500 m and hosts the Cappadocian volcanic 
province, characterized by volcanic activity ranging from the Miocene to the Upper Holocene (Aydar et al., 2012). An extensive 
hydrothermal alteration zone has developed along a NE–SW-trending fault crossing Türkmenlik Hill in Cappadocia, Türkiye. The 
host rocks mainly consist of Zelve and Kavak ignimbrites. Field observations and mineralogical analyses reveal systematic 
variations in mineralogical and chemical composition across the fault zone. The central part of the alteration zone is characterized 
by intense silicification, followed outward by quartz–kaolinite assemblages, kaolinite-rich zones, and finally smectite (illite) 
associated with quartz and kaolinite. Unaltered feldspar-bearing ignimbrites occur at the outermost parts of the system. This 
mineral zonation indicates progressive hydrothermal alteration under changing physicochemical conditions (Ertek and Öner, 
2008). 
Hydrothermal alteration has also caused significant changes in the chemical composition of the ignimbrites. Major oxides such 
as K₂O, Na₂O, MgO, Fe₂O₃, CaO, MnO, and P₂O₅ were partially leached from the parent rocks during alteration (Ertek and Öner, 
2008). The altered ignimbrites form durable building stones that have been extensively used for many years in traditional 
Cappadocian houses, luxury villas, and hotels (Aydar et al., 2012). Active quarries in the region expose alteration zones displaying 
a wide range of colors, from white and cream to yellow and reddish pink. Comparison of chemical and color data indicates that 
iron is the principal chromophore responsible for these color variations. The transition from white to red is largely controlled by 
the increasing Fe³⁺ content, according to the results of acid dissolution followed by titrimetric (volumetric) Fe determination. No 
distinct Fe-bearing minerals were identified by XRD, despite the wet chemical determination of up to 2.06 wt.% Fe³⁺. This suggests 
that ferric iron is predominantly hosted in poorly crystalline or nanocrystalline phases, or is structurally incorporated into kaolinite, 
making it undetectable as a separate crystalline phase by XRD. 
Because Fe³⁺ is known to influence ultraviolet light absorption through ligand-to-metal charge transfer (LMCT) mechanisms, 
kaolinite samples with different colors and iron contents (white, yellow, and red) were selected to investigate the relationship 
between iron concentration and UV–visible optical behavior. UV–visible diffuse reflectance spectra were recorded using a UV-
2600 spectrophotometer (Shimadzu Corp., Japan) with BaSO₄ as the reference material. Absorption spectra were subsequently 
calculated using the Kubelka–Munk transformation. 
The results demonstrate a clear increase in UV absorption with increasing iron content. The red kaolin exhibits the highest 
absorption, whereas the white kaolin shows the lowest. This behavior is attributed to the higher abundance of Fe³⁺, which acts 
as an efficient electron acceptor in O²⁻ → Fe³⁺ charge-transfer transitions (Chen et al., 1979). Although the red kaolin displays 
the strongest UV absorption among the investigated samples, its absorption efficiency within the UV region (100–400 nm) remains 
lower than that of commercial UV-blocking materials such as ZnO and TiO₂. However, unlike ZnO and TiO₂, whose absorption 
decreases sharply above approximately 400 nm, the iron-bearing kaolins maintain appreciable absorption over a broader 
wavelength range extending into the visible region. This broader spectral response suggests potential advantages for specific 
industrial applications. 
The present study evaluates the optical performance of kaolins with varying iron contents and discusses their potential utilization 
in applications ranging from agriculture to cosmetics as functional mineral fillers and UV-protective materials. 
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Talc (Mg₃Si₄O₁₀(OH)₂) is widely used as an auxiliary flux in ceramic production and as a functional filler in polymer composites. 
In ceramic systems, talc promotes vitrification and contributes to the formation of magnesium-bearing phases that enhance the 
mechanical performance of the final product. In polymer compounding applications, its lamellar morphology improves stiffness 
and dimensional stability, making talc-filled composites particularly attractive for automotive, household appliance, and 
construction industries. 
For both ceramic and polymer applications, the whiteness of talc is a critical quality parameter because it directly influences the 
appearance of the final product. However, exposure to elevated temperatures during firing or polymer processing may induce 
discoloration due to the presence of chromophore elements, particularly iron. Various approaches, including magnetic separation, 
acid leaching, and chlorination, have been proposed to reduce the coloring effect of iron-containing phases. 
Previous studies have suggested that amorphous silica-rich modifier agents can alter high-temperature mineralogical 
transformations and promote the crystallization of iron-bearing silicate phases, thereby reducing discoloration by incorporating 
iron into newly formed crystal structures. Similarly, the crystallization of amorphous silica phases has been reported to immobilize 
iron within silicate frameworks, leading to improved optical properties. 
In this study, two different approaches for minimizing thermally induced discoloration of Turkish talc from the Sivas deposit were 
investigated: (i) diatomaceous earth as a silica-rich modifier agent and (ii) potassium carbonate (K₂CO₃, pearl ash) as a flux. The 
effects of these additives on phase evolution, microstructural development, and color characteristics at different treatment 
temperatures were evaluated using X-ray diffraction (XRD), Fourier-transform infrared spectroscopy (FTIR), scanning electron 
microscopy (SEM), and color spectrophotometry. Calcining the raw talc sample at 950°C resulted in a 2.74% loss in L* (lightness 
or whiteness), while adding diatomaceous earth and K2CO3 to the raw talc caused this loss to be measured at only 0.79%. The 
results provide insights into the mechanisms controlling discoloration during high-temperature processing and offer practical 
strategies for improving the optical quality of talc-based ceramic and polymer products. 
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Swelling pressure is a key performance parameter of bentonites and soils or rocks containing swelling clay minerals in soil 
mechanics and geotechnics. Bentonites are required to fulfil several safety functions in the engineered barrier system (EBS) of 
radioactive waste repositories and in closure systems for abandoned underground mining areas. A principal safety function of 
the EBS is the sealing ability which is obtained by high swelling potential and low hydraulic conductivity. Thereby the swelling 
pressure is a design criterion with defined performance values (commonly a few MPa) depending on national repository concepts 
for potential repository sites. 
In general, the swelling pressure should remain below the minimum principal stress of the host rock, while being sufficiently high 
to promote self-sealing of the excavation disturbed zone (EDZ). It must also be high enough to prevent canister movement, yet 
low enough to avoid excess loading on the container and to permit repository-generated gas to migrate without compromising 
the integrity of the EBS. A key priority during post-installation saturation of the bentonite is to mitigate dry density heterogeneities 
inherited during installation and to ensure that its sealing properties are maintained during inflow of formation and concrete water, 
even at elevated temperatures. 
Commonly, dry density, or effective montmorillonite dry density (EMDD), of compacted bentonite are considered the key 
parameter determining the swelling pressure, and this correlation is typically expressed as an exponential or logarithmic function. 
Accordingly, bentonite processing and storage prior to installation as well as conditions of the swelling pressure measurement 
itself, such as initial hydration state of the smectite in the bentonite, the composition of the hydration liquid, and temperature, 
result in a family of correlation curves and, thus, different swelling pressures at the same dry density for a given bentonite. 
Consequently, even under apparently well-defined experimental conditions, swelling pressure for the same bentonite often shows 
considerable scattering, with relative standard deviations of up to 50%. 
This scatter in measured swelling pressure is a major obstacle in defining material and design parameters intricately linked to the 
swelling pressure. It also hinders quality assessment of the target performance value during construction of the EBS and 
predictive numerical simulation of the bentonite's performance in EBS of radioactive waste repositories. 
A swelling pressure benchmark test was conducted on a German Ca/Mg-bentonite (Calcigel) to identify sources of scattering and 
to improve the precision of swelling pressure measurements through development of a comprehensive experimental protocol. In 
total, 39 swelling pressure tests were performed across six laboratories. 
Calcigel granular material (< 1.25 mm), remaining from the installation of the Sandwich sealing system in Shaft 1 of the Sandwich 
experiment at Mont Terri rock laboratory (MTRL) [1,2], was compacted to a dry density of 1.55 g/cm³, based on the water content 
determined at 105 °C, and hydrated with deionised water. Prior to installation, the bentonite was equilibrated at 53% relative 
humidity and constant or monitored temperature. 
Further sample pretreatment and experimental conditions, including sample geometry, test-cell characteristics, compaction 
pressure and rate, load relaxation, and contact load, were documented in detail. Ten measurements were performed in very small 
cells (V=1.4 cm³). For these tests, the aggregate size of the bentonite was reduced to < 250 µm by gentle grinding. Eight tests 
were performed with preceding determination of initial gas permeability. 
The measured swelling pressure ranged from 0.95 to 2.82 MPa. Preliminary analysis showed that the average swelling pressure 
was higher in the small cells, and preceding gas-permeability measurements led to an even greater increase in average swelling 
pressure. 
The presentation will provide detailed insight into the benchmark test and discuss its implication for uncertainties associated with 
swelling pressure measurements. 
The authors thank the former German Federal Ministry for the Environment, Nature Conservation, Nuclear Safety and Consumer 
Protection and the Federal Ministry for the Environment, Climate Action, Nature Conservation and Nuclear Safety for funding the 
Sandwich-HP2 (contracts 02E12163A, 02E12163B and 02E12163C) and the project management agency of Karlsruhe. The 
authors also thank Stephan Schmid Group for providing bentonite granular material for the Sandwich experiment at MTRL. 
[1] Emmerich et al., 2020. Vertical hydraulic sealing system based on the sandwich principle - preproject (Sandwich-VP), Final 
report. https://doi.org/10.2314/KXP:1692488228 
[2] Wieczorek et al., 2024. Sandwich-HP - Vertical Hydraulic Sandwich Sealing System, Final report. 
https://doi.org/10.2314/KXP:1898330905 
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The hydration behaviour of a compacted German Ca/Mg-bentonite in a mock-up test on decimetric scale 
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The hydration behaviour of bentonite, including the evolution of swelling pressure, is a key performance parameter in the design 
of engineered barrier systems (EBS) for underground waste repositories. Within this context, the Sandwich sealing system, 



consisting of alternating sealing segments (DS) made of compacted bentonite and equipotential segments (ES) composed of a 
mineral material with higher hydraulic conductivity, is being evaluated through large-scale in-situ experiments at Mont Terri [1]. 
The in-situ experiments are accompanied by laboratory mock-up tests at different scales using Calcigel and Secursol UHP (two 
German Ca/Mg bentonites) in the sealing segments [1]. 
This work specifically investigates the hydro-mechanical behaviour of compacted granular Secursol UHP (BGM) [2] in a 
decimetric-scale mock-up test with a sample of 30 cm height and 15 cm diameter, hereinafter referred to as the column test. This 
column test utilizes an innovative device first introduced by Rawat et al. [3, 4] to evaluate the hydration behaviour of the bentonite 
under globally constant volume conditions, specifically isolating it from the potential ES influences. 
In the column test, the hydro-mechanical parameters including relative humidity, water content and vertical and horizontal total 
stress (swelling pressure) were monitored in three measurement sections distributed over height. The column test was carried 
out under ambient temperature (20°C), as the hydration behaviour in the far field from the waste canisters in the deep geological 
repository is of interest for the Sandwich sealing system. The total duration of the column test was 438 days, divided into an 
equilibration phase of 12 days after sample installation and a subsequent hydration phase of 426 days. For hydration, deionised 
water was supplied to the sample through water inlets in the bottom plug connected to an infiltration burette with a low pressure 
of approximately 1 m water column (≈10 kPa). Post-test investigations of the sample after dismantling were used to determine 
the final sample dry density, water content, degree of saturation and total suction. Previously performed swelling pressure tests 
and water retention measurements at the element-test scale were used to verify the observed magnitudes of swelling pressure 
and suction from the column test. 
The results of the column test showed a heterogeneous evolution of swelling pressure and hydration state variables along the 
column height. An equilibrium state was not reached within the test duration. Simultaneous measurement of vertical and radial 
swelling pressure indicated swelling anisotropy with smaller horizontal than vertical stresses throughout the whole test duration. 
Transient measurement of relative humidity and water content revealed a redistribution of porosity within the sample, which was 
confirmed by sampling after completion of the test. However, the density redistribution for Secursol UHP was less pronounced 
than in a previous column test with Calcigel bentonite [5]. 
The column test provides valuable insights into the spatially and temporally resolved hydration behaviour of the bentonite to be 
used in the EBS, which helps for the design of in-situ experiments, the validation of numerical models and supports the overall 
process understanding. The presentation will highlight the main results of the Secursol UHP column hydration test as compared 
to the previous test on Calcigel. 
The authors thank the former German Federal Ministry for the Environment, Nature Conservation, Nuclear Safety and Consumer 
Protection and the Federal Ministry for the Environment, Climate Action, Nature Conservation and Nuclear Safety for funding the 
Sandwich-SP1 (contracts 02E12001A, 02E12001B) and the project management agency of Karlsruhe. The authors also thank 
Stephan Schmidt Group for providing bentonite granular material for the Sandwich-SP1 project. 
[1] Wieczorek et al., 2024. Sandwich-HP - Vertical Hydraulic Sandwich Sealing System, Final report. 
https://doi.org/10.2314/KXP:1898330905 
[2] Asaad, A., Nitsch, A., Baille, W., Emmerich, K., 2025. Mineralogical and geotechnical characterization of two German 
bentonites from Westerwald and Bavaria. Applied Clay Science 276, 107901. https://doi.org/10.1016/j.clay.2025.107901. 
[3] Rawat, A., Baille, W., Tripathy, S., 2019. Swelling behavior of compacted bentonite-sand mixture during water infiltration. Eng. 
Geol. 257, 105141. https://dx.doi.org/10.1016/j.enggeo.2019.05.018. 
[4] Rawat, A., Baille, W., Tripathy, S., Schanz, T., 2021. A column-type experimental device for investigating coupled thermo-
hydro-mechanical behavior of expansive soils. Geotech. Test. J. 44, http://dx.doi.org/10.1520/GTJ20180192. 
[5] Nitsch, A., Asaad, A., Wichtmann, T., Emmerich, K., Wiebke Baille, 2026. Swelling behaviour of compacted Ca/Mg bentonite 
during hydration on different scales. Applied Clay Science, 281, 108067. https://doi.org/10.1016/j.clay.2025.108067 
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Comparative Study of Interlayer-Cation Effects on Swelling Pressure and Porosity Redistribution in Two 
German Bentonites 

Ali Asaad, Katja Emmerich 
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The geotechnical and geo-environmental significance of bentonite materials is fundamentally derived from their high swelling 
capacity, exceptionally low hydraulic conductivity, and robust cations (including radionuclide) adsorption properties, which 
collectively render them the primary candidate for buffer and backfill components in high-level radioactive waste (HLW) 
repositories. These technical properties are not static but are intricately linked to the hydration behavior of smectites, primarily 
montmorillonite, the main mineralogical component of bentonite. The development of swelling pressure (ps) upon the infiltration 
of the formation water is a vital performance parameter of the bentonite, ensuring that any technological gaps between the waste 
container and the host rock are effectively sealed to restrict solute transport to a diffusion-dominated regime. However, the 
macroscopic manifestation of ps is greatly sensitive to the chemical composition of the formation water and the species of 
exchangeable cations which occupy the interlayer of the montmorillonite, which are mainly Na+, Ca2+, Mg2+, and K+ for natural 
bentonites. 
In the context of long-term repository safety, the potential alteration of smectite interlayer composition due to interaction with site-
specific formation water is a critical concern. Such transitions fundamentally modify the fabric of the bentonite at the microscopic 
level, and thus shifting the magnitude of ps exerted on the surrounding host rock. This is particularly relevant to current German 
shaft-seal concepts for nuclear waste repositories which contain, among other components, the Sandwich sealing system 
developed at the Karlsruhe Institute of Technology (KIT) [1]. The Sandwich sealing system and its interaction with a potential host 
rock, namely Opalinus Clay, are currently being investigated in a large-scale in-situ experiment at the Mont Terri rock laboratory 
in Switzerland [2,3].These experiments use two natural Ca/Mg-bentonites from Germany (i.e., Calcigel and Secursol UHP), 
whereas the formation water of the Opalinus Clay at Mont Terri Rock Laboratory (Pearson water) contains 0.15 -0.25 mol·L−1 
NaCl, with divalent cations and anions each accounting for less than 15% of the total ionic composition [4]. 
This work presents a comparative study of the swelling behavior of the two natural German Ca/Mg-bentonites, and of the 
homoionic <2 µm fractions prepared from the same parent materials and saturated with Na+, Ca2+, Mg2+, and K+. All samples 
were compacted to the same dry density and hydrated with deionized water under identical hydraulic and temperature conditions, 



allowing direct comparison of ps magnitude, swelling kinetics, and porosity distribution before and after hydration. Deionized water 
was used to avoid the additional complexity of ion exchange during hydration and thereby isolate the effect of the known interlayer 
cation. The analysis focuses on how interlayer cation composition influences the macroscopic swelling response within each 
bentonite and how these trends differ between the two materials. For this purpose, all ps curves, including those of the natural 
bentonites and their homoionic <2 µm fractions, were analyzed using the kinetic model proposed by Liu et al. (2022) [5]. The 
evolution of the fitted model parameters was then compared as a function of interlayer cation and between bentonites. In parallel, 
we developed a methodology to record smectite d-spacing by X-ray diffraction analysis, before and after water saturation, and to 
infer porosity redistribution between interlayer and interparticle domains by combining these data with measured specific surface 
area, calculated density, smectite content, and detailed mineralogical data reported previously [6]. Together, the results provide 
a systematic comparison of the effect of interlayer cations on bentonite swelling behavior and related microstructural indicators. 
The authors are grateful to the former German Federal Ministry for Economic Affairs and Energy (BMWi) and the Federal Ministry 
for the Environment, Climate Action, Nature Conservation and Nuclear Safety (BMUKN) for funding this work under contracts 
02E12001A and 02E12001B. Special thanks to the Project management agency of Karlsruhe (PTKA) for managing the funding 
projects. 
[1] Nüesch et al, 2002. Verschlussstopfen und Verfahren zum Verschließen von untertägigen Hohlräumen. KIT, Karlsruhe. 
[2] Emmerich et al., 2020. Sandwich-VP, Final report. 
[3] Wieczorek et al., 2024. Sandwich-HP, Final report. https://doi.org/10.2314/KXP:1898330905 
[4] Pearson, F., 1998. Paul Scherrer institute TM 44–98. 
[5] Liu et al, 2022. Int. J. Geomech. 22, 04022024. https://doi.org/10.1061/(ASCE)GM.1943-5622.0002293 
[6] Asaad et al, 2025. Applied Clay Science 276. https://doi.org/10.1016/j.clay.2025.107901 
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Composition and applicability of recently discovered kaolin occurrences in Southern Mauritania 
Stephan Kaufhold1*, Kristian Ufer1, Reiner Dohrmann1,2, Kerstin Kuhn1, Omar Jatlaoui1 
1BGR, Stilleweg 2, D-30655 Hannover, Germany 
2LBEG, Stilleweg 2, D-30655 Hannover, Germany 
In Africa, exploration and mining is focused on metal ore deposits. Non-metallic raw materials are abundant but often neither 
investigated in more detail nor economically used. In the South of Mauretania several kaolin occurrences were found which were 
investigated in the frame of a joint project of the German ministry of Economic Development and Cooperation (BMZ) with 
Mauritanian authorities (Küster et al., 2021). Three regions with kaolin occurrences were explored in more detail. The occurrences 
of the Kaédi and Néma regions are located in the South East within the coastal basin and in the South East of Mauretania within 
the Taoudeni basin, respectively. The Hassi Abyad deposit is situated in the South of the Mauritanide belt. A couple of samples 
were taken from each deposit and investigated with respect to their Al-content (Al2O3 content by XRF), a parameter which is often 
used as quality determining parameter reflecting the kaolinite content. This relation was investigated in the present study based 
on XRD-Rietveld refinement which proved a close relation of the kaolinite content with the XRF data. 
The highest Al2O3-contents were found in the Hassi Abyad deposit which was, therefore, explored in more detail. The Al2O3 
content ranged from 24 to 38 mass% which corresponds to 60 – 96 mass% kaolinite. Admixtures were quartz, TiO2-phases (rutile 
and anatase), variable amounts of iron oxides, and svanbergite/crandallite. Both, IR spectroscopy and XRD suggest b-axis 
disorder of the kaolinite of all investigated samples from Hassi Abyad and some Fe substitution in the octahedral sheet. The 
dominant particle size of primary kaolinite particles detected by SEM ranged from 0.2 – 0.5 µm. Aggregates maybe larger in size. 
Selected ceramic tests were conducted such as shrinkage, tensile strength, and water uptake. All parameters could be positively 
correlated with the Al-content which proves the importance of this value for quality assessment. The kaolins investigated in the 
present study could be used for the production of ceramics. The Al-content of some samples was large enough for a potential 
use as refractory material and those with bright firing color could be suitable for producing fine ceramics such as sanitary ware, 
tableware or technical ceramics. Based only on the Al2O3 contents of hundreds of systematic drill core samples almost 4 million 
m3 of high-quality kaolin corresponding to 8 million t were found which, together with the promising application parameters, already 
raised industrial interest. The Hassi Abyad deposit may hence help to diversify Mauritania’s mining sector, which is heavily 
focused on metal ores. 
D. Küster, Stephan Kaufhold, Emanetoullah Limam, Omar Jatlaoui, Oumar Ba, Abdellahi Maham Zein Mohamed, M. Pohlmann-
Lortz, M. Ranneberg, K. Ufer (2021) Investigation of unexplored kaolin occurrences in southern Mauritania and preliminary 
assessment of possible applications. Clay Minerals, 56, 126–139. doi: https://doi.org/10.1180/clm.2021.26  
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Analytical Challenges in Quantifying Respirable Crystalline Silica on Protective Textiles in Clay 
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Exposure to respirable crystalline silica (RCS) remains a critical occupational health concern in the ceramic industry, where 
workers are routinely exposed to silica-containing materials during dust-intensive operations such as raw material extraction, 
mining and quarrying, crushing and milling, dredging, powder handling and other material processing activities. These processes 
generate fine airborne particles that can be inhaled, leading to well-documented diseases such as silicosis, lung cancer and other 
respiratory conditions. 
Current regulatory frameworks, including Directive (EU) 2017/2398 and related national legislation, establish occupational 
exposure limits for airborne RCS and define preventive measures aimed at minimizing inhalation risks. However, these 
regulations are primarily focused on airborne concentrations and direct exposure pathways, neglecting an important secondary 
exposure route: the role of textile-based personal protective equipment (PPE), particularly workwear, as a reservoir for dust 
contamination. 
According to current regulations governing workwear cleaning and maintenance, companies are required to ensure proper 
decontamination of protective garments. However, in practice, industries need to confirm the absence of crystalline silica after 
cleaning processes, as well as to verify that the assigned cleaning frequency and intensity are adequate for protecting workers. 
Despite this requirement, there is a lack of standardized methodologies to quantitatively assess residual contamination in textiles 
or to evaluate the effectiveness of cleaning systems, such as air showers or industrial laundering processes. This regulatory and 
methodological gap poses a significant challenge for occupational risk assessment and compliance. 
In this context, this research addresses these limitations by developing an integrated methodological framework for the detection, 
quantification and evaluation of respirable crystalline silica in industrial textiles used in ceramic clay industry. The proposed 
approach combines advanced analytical techniques, including X-ray diffraction (XRD) as the reference method for crystalline 
phase quantification, gravimetry and scanning electron microscopy coupled with energy-dispersive spectroscopy (SEM-EDS) for 
morphological and compositional analysis. 



To reproduce realistic contamination scenarios, a controlled deposition system has been implemented, using a dry aerosolization 
process. Different ceramic raw materials have been employed as particulate sources, and their deposition has been studied 
across various types of textile materials commonly used in the ceramic sector as personal protective clothing. This approach 
allows for the simulation of workplace exposure under controlled and reproducible conditions, enabling systematic comparison 
between textile types and contamination levels. 
Furthermore, a dedicated mannequin-based testing system has been developed to evaluate both the distribution of particulate 
matter on garments and the efficiency of decontamination systems. This setup enables spatially resolved analysis and provides 
a standardized platform for assessing cleaning performance under controlled conditions, bridging the gap between laboratory 
testing and real industrial environments. 
The proposed methodologies are validated through a dual approach combining controlled laboratory experiments and field studies 
conducted in real industrial environments within the ceramic clay sector. Preliminary analyses on the detection of crystalline silica 
in workwear indicate that reference contamination levels of approximately 9 g/m² can be observed under specific exposure 
conditions, highlighting the significant capacity of textiles to retain particulate matter and the need for reliable quantification 
protocols. 
These findings reinforce the importance of considering textile-mediated contamination as a relevant exposure pathway. The 
methodologies developed in this work provide robust and transferable tools for assessing residual contamination, supporting 
industries in verifying cleaning effectiveness and improving occupational health strategies. 
In this study it is highlighted the need to expand current regulatory frameworks beyond airborne exposure assessment to include 
secondary contamination routes associated with workwear. By bridging the gap between regulatory requirements and practical 
implementation, the proposed approach contributes to the development of improved standards and best practices for managing 
respirable crystalline silica risks in industrial environments. 
This research was co-funded by the Valencian Institute of Business Competitiveness (IVACE) and by the FEDER Funds, within 
the framework of the Operational Program FEDER of the Valencian Community 2014-2020 (IMDEEA/2025/99_Q-TEXT). 
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The construction sector generates large volumes of construction and demolition waste (CDW), representing one of the most 
significant waste streams in Europe, accounting for approximately 38 - 40% of total waste generation. At the same time, this 
sector is highly resource-intensive, consuming around 50% of all extracted raw materials, primarily in the form of non-metallic 
minerals such as aggregates (European Commission, 2023). This dual impact, high material consumption and substantial waste 
production, highlights the urgent need to transition towards more sustainable practices aligned with circular economy principles. 
In this context, the valorization of CDW plays a key role in reducing the extraction of natural resources, minimizing environmental 
impacts and promoting material efficiency. Among these wastes, the fine fractions (< 4 mm) have attracted increasing attention 
due to their high potential for application in cementitious materials as a partial or total substitute for natural aggregates, 
contributing to the development of more sustainable construction materials. 
This study analyzes the behavior of mortars manufactured with fine fractions of CDW, with particular attention to water absorption 
mechanisms and their relationship with durability. This work is part of a broader research aimed at evaluating the influence of 
CDW origin (02: mixed demolition material and Z060: trenching activities), as well as the application of beneficiation treatments 
based on the removal of the clay-rich fine fraction (< 0.063 mm), comparing washed (W) and non-washed (NW) materials. 
Additionally, the effect of high substitution rates of natural sand (50% and 100%) on the performance of cementitious mortars is 
analyzed, with the objective of determining their technical feasibility and contributing to the development of more sustainable 
construction materials. To evaluate the applicability of these mortars for the containment of low and intermediate-level radioactive 
waste (Rosa et al., 2025), an experimental program was carried out, including capillary and immersion water absorption tests, as 
well as durability tests such as accelerated carbonation and sulfate attack. 
Regarding water absorption by capillarity and immersion, washed recycled aggregates with 50% substitution showed values 
closer to those of the reference conventional mortar (CEM I, 1:3). Specifically, the increase in capillary absorption at 24 hours 
(%) and immersion at 48 hours (%) compared to the reference was 1.1% and 2% for 02-W-50% and 0.8% and 1.3% for Z060-W-
50%. In contrast, unwashed materials with higher substitution rates showed significantly greater differences compared to the 
reference: 7.9% and 8.7% for 02-NW-100% and 5.1% and 7.6% for Z060-NW-100%. 
These results are also consistent with durability test outcomes. Accelerated carbonation tests showed lower CO₂ penetration 
values in mortars with washed RA (recycled aggregates) and a 50% substitution rate. Considering that CO₂ penetration in the 
reference reached 4.17 ± 0.76 mm, the lowest value obtained was for sample Z060-W-50% (5.02 ± 0.29 mm). Under the same 
conditions, 02-W-50% exhibited 9.15 ± 0.40 mm, very close to the value of Z060-W-100% (10.75 ± 0.34 mm). The highest values 
corresponded to both unwashed CDW samples with 100% substitution, which exhibited complete CO₂ penetration. Moreover, 
carbonation increased both flexural and compressive strength compared to non-carbonated materials. 
Regarding sulfate attack durability tests, the highest mass loss was observed in the reference material (9%), followed by washed 
RA with 50% substitution (02: 3% and Z060: 2%). Conversely, unwashed RA with 100% substitution showed mass gain due to 
their higher water absorption capacity and buffer capacity regarding acid leaching. 
Based on the obtained results, a surrogate ion study is proposed to evaluate the feasibility of using these mortars for the 
containment of low- and intermediate-level radioactive waste, with the aim of replacing natural aggregates with adequate mixtures 
of recycled aggregates. 
European Commission. (2023). Buildings and construction. Directorate-General for Internal Market, Industry, Entrepreneurship 
and SMEs. 



Rosa, D., Rizzo, F., Mangialardi, T., Medici, F., Caruso, G., Di Palma, L., & Giannetti, F. (2025). Cementitious mortar for 
intermediate- and low-level radioactive waste confinement: Matrix optimization and leaching. Nuclear Engineering and Design, 
441, 114165. https://doi.org/10.1016/j.nucengdes.2025.114165 
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Adsorption is one of the most widely applied techniques for the removal of industrial dyes from contaminated water resources. 
Among the various adsorbents investigated, natural zeolites are frequently preferred due to their high cation exchange capacity, 
porous structure, and naturally negative surface charge, which makes them particularly effective for the adsorption of cationic 
dyes. Nevertheless, the adsorption performance of natural zeolites is often insufficient for practical applications, necessitating the 
development of modification strategies to enhance their adsorption capacity. 
Numerous studies have focused on improving the adsorption performance of zeolites through chemical and surface modification 
methods. In the present study, the influence of inorganic sodium-based modification using different sodium sources was 
investigated for the first time. Three inorganic sodium compounds, namely Na₂SO₄, Na₂CO₃, and NaCl, were employed as 
modifying agents at three different dosages (1, 5, and 10 wt.% relative to the zeolite mass). Modification treatments were carried 
out in aqueous media under controlled temperature and continuous mechanical stirring. 
The adsorption performance of the modified zeolites was evaluated using methylene blue as a model cationic dye. In addition to 
adsorption experiments, the modified materials were characterized through changes in chemical composition and zeta potential. 
Equilibrium adsorption data were interpreted using adsorption isotherm models, while thermodynamic analyses were performed 
to assess the adsorption mechanism. 
Following the modification of zeolite minerals with three different sodium sources at three varying ratios, the best-performing 
modification for each sodium source was identified, and subsequent modeling studies and zeta potential measurements were 
conducted. It was observed that the modification processes converted a Ca-rich zeolite mineral into a Na-rich form. Furthermore, 
consistent with the variation in sodium content, a decrease in zeta potential values was observed, indicating that the surface was 
rendered even more negative. Consequently, these alterations further increased the negative surface charge of the zeolite 
mineral, creating a highly suitable surface for adsorption processes. 
The results indicated that, in terms of experimental and Langmuir theoretical adsorption capacities, the best-performing Na₂SO₄ 
(5 wt.% modification) and NaCl (5 wt.% modification) treatments exhibited performance similar to that of the natural zeolite; 
however, the best-performing Na₂CO₃ modification (10 wt.%) demonstrated significantly superior performance compared to the 
untreated material. Additionally, these results were found to be consistent with the zeta potential values of the samples. Moreover, 
the highest entropy change (ΔS°) was again observed for the 10 wt.% Na₂CO₃ modification, although from a thermodynamic 
perspective, the other two modified zeolites (Na₂SO₄ and NaCl) also outperformed the natural zeolite. Compared to 
conventionally preferred surfactant structures, inorganic sodium sources offer a highly cost-effective and significantly greener 
alternative. Overall, the findings reveal that inorganic sodium modification is an effective approach for improving the adsorption 
performance of natural zeolites, representing a promising, low-cost, and environmentally friendly strategy for dye removal from 
aqueous systems. 
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Measuring the permeability of barrier materials and clay rich rock samples requires either controlling or measuring rather low 
volume flows. Depending on sample dimensions, pressure gradients and permeability a resolution down to the order of nL/min 
or lower is required. Several approaches for measuring such low flow rates of liquids have been presented by Graham et al. 
(2021), which involve optical tracking of a meniscus in a glass capillary, shape analysis of an axisymmetric pendant drop and 
gravimetric analysis. Especially methods that involve tracking of a meniscus are attractive, because in comparison to gravimetric 
techniques they often require less time and therefore minimize evaporation problems. On the down side these methods usually 
require the radius of the capillary to be known very accurately. This can be problematic when dealing with aqueous salt solutions 
of varying pH, which may cause dissolution of the capillary. 
The authors have developed a capacitive two-phase flow sensor that is able to measure static and dynamic flow rates. The device 
consists of a PTFE capillary which is clamped between two electrodes and during a measurement the capacitance of the capillary 
is changed by replacing air with an aqueous solution. As the capacitance changes are rather small (3pF/200µL), a multivibrator 
circuit was designed to translate the capacitance change to a frequency change. With the current setup a sensitivity of 122 Hz/µL 
can be achieved and the lowest flow rate measured was 6 nL/min within 100s. Several permeability measurements on porous 
media, including clays, will be presented to demonstrate the capabilities and limitations of the current design. 
Refrences 
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The SANDWICH sealing system in shafts and drifts is an integral part of the engineered barrier system for the safe storage of 
High-Level Radioactive Waste (HLRW) in geological repositories in the German sealing concept for HLRW repositories. The 
SANDWICH sealing system is composed of alternating sealing segments (DS) of bentonite and equipotential segments (ES) of 
silty to sandy mineral materials. The ES have a higher hydraulic conductivity than the DS, that facilitates the uniform distribution 
of hydration liquids and bentonite swelling across the DS, which effectively mitigates preferential advective flow paths through 
the sealing system.  
An HTV is a semi-technical scale experiment (volume 1.5 m3) that provides a transitional experimental scale for in-situ 
experiments. They are designed to evaluate the installation of materials for DS and ES segments, aid in understanding coupled 
HMC processes of: hydration and saturation kinetics, ion transport, and cation exchange to inform predictive modelling of in-situ 
SANDWICH sealing systems. 
The HTV-9 experiment presented here was a mock-up test in support of the on-going SANDWICH experiment in shaft 2 at the 
Mont Terri underground rock laboratory in Switzerland. HTV-9 was started on 9.02.2023 and dismantled on 03.02.2025, having 
run 442 days at 1MPa and 187 days at 2MPa liquid pressure with Pearson water type A3 as the hydration liquid. Two different 
German bentonites were used in HTV-9. A Bavarian bentonite Calcigel, was installed in the upper two DS of the experiment and 
a blended Westerwald bentonite Secursol MHP1 (70/30) was installed in the lower two DS of the experiment. The ES between 
the DS were composed of a fine sand (N45, Nievelstein). A total of 19 sampling points were obtained from each of the 18 sampling 
levels. Single samples were collected from the ES, while bentonite samples from the 12 DS levels were collected in duplicate. 
From the two sets of duplicate samples, one was processed by the standard oven drying procedure at 105 °C and 200 °C 
(bentonite only) and the second set was air dried at ambient conditions. 
The duplicate air and oven dried sampling for HTV-9 sought to investigate fundamental exchangeable cation interactions within 
the smectite when subjected to different sampling procedure conditions (drying) for tracking ion migration throughout the 
experiment. 
Ion Chromatography (IC) tracked soluble anions (Cl-, NO3

-, SO4
2-). ICP-OES conducted before and after cation exchange capacity 

measurements (CEC), using the Cu-Trien method for CEC, provided information on both soluble and exchangeable cations. 
Samples were also tested for electrical conductivity and pH changes. Soluble anion distributions in HTV-9 were generally similar 
between both air and oven dried sample sets with Cl- being the dominant anion. Soluble cations displayed similar results between 
both air and oven dried samples albeit with a slight shift of the cation pattern within a specific segment. Importantly, changes 
were observed for CEC between air and oven dried samples and also for exchangeable cations after CEC measured by ICP-
OES, particularly for Mg. 
The presentation will discuss the implications of these findings in terms of both ideal procedures post-dismantling to study ion 
transport both in the HTV and in-situ experiment. 
Funding kindly provided by: Sandwich pre-project (Sandwich-VP) FKZ 02E11587A/B; Sandwich main project part 1 (Sandwich-
HP), FKZ 02E11799 A/B/C; Sandwich main project part 2 (Sandwich-HP2) FKZ 02E12163 A/B/C; administered by the project 
management agency of Karlsruhe; supported by: The Federal Ministry for Economic Affairs and Energy; The Federal Ministry for 
the Environment, Nature Conservation, Nuclear Safety and Consumer Protection; The Federal Ministry for the Environment, 
Climate Action, Nature Conservation and Nuclear Safety, based on a decision of the German Bundestag. 
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Interaction of Low-pH Mortar and Bentonite in Physical Models at the Bukov Underground Research 
Facility 
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Understanding the long-term interaction between bentonite barriers and cementitious materials is essential for the safety 
assessment of deep geological repositories for radioactive waste. Within the Czech Interaction Experiment conducted at the 
Bukov Underground Research Facility, ten physical models (FM) containing compacted BCV bentonite and low-pH mortar (LPM, 
Pernicová et al. 2019) were exposed to underground conditions under both heated and non-heated regimes. The dismantling of 
pilot models FM2 (100°C) and FM9 (ambient underground temperature) enabled detailed investigation of alteration processes 
occurring in bentonite after long-term exposure to thermal, hydraulic, and chemical gradients. 
The study focused on geochemical, mineralogical, geotechnical, and microbial analyses of bentonite, mortar, pore water, and 
interface zones. Sampling was performed using a precisely defined coordinate system, allowing spatial evaluation of changes 
associated with temperature, saturation, and interaction with low-alkaline mortar leachates. Particular attention was devoted to 
the bentonite–mortar interface, where elevated pH and calcium-rich pore waters may affect the mineralogical stability and 
physical-chemical properties of bentonite. 
The analyses revealed measurable changes in bentonite composition and properties, especially in the vicinity of the mortar 
interface. Variations in exchangeable cation composition indicated ongoing cation exchange processes, including a decrease in 
Mg²⁺ content and enrichment in Ca²⁺, Na⁺ and K⁺ in analysed samples. Local changes in cation exchange capacity and specific 
surface area suggest partial alteration of the smectite phase, redistribution of selected species and changes in pore-water 
chemistry. The heated model showed more pronounced gradients and stronger alteration effects than the non-heated model, 
highlighting the combined influence of temperature and alkaline fluids on bentonite evolution. The obtained results improve the 
understanding of coupled thermo-hydro-chemo-mechanical processes controlling the long-term performance of engineered 
barrier systems in deep geological repositories. The findings are consistent with further observations from international (Jenni et 
al. 2014; Le Duc et al. 2026) and Czech (Šachlová et al. 2025; 2026; Vašíček et al. 2026) in-situ experiments, which have 
highlighted the key role of thermal loading, water saturation, and interactions with cementitious materials in the evolution of 
bentonite properties and barrier performance. 
References: 
Jenni A., Mäder U., Lerouge C., Gaboreau S., Schwyn B. (2014): In situ interaction between different concretes and Opalinus 
Clay, Physics and Chemistry of the Earth, Parts A/B/C 70–71, 2014, 71-83, https://doi.org/10.1016/j.pce.2013.11.004. 
Le Duc, T., Vasicek, R., Cerna, K., Riha, J., Nemecek, J., Vecernik, P., Cernousek, T., Halodova, P., Nemecek, J., Sevcu, A., 
Cernik, M., Hlavackova, V. (2026): Chemo-mechanical changes of low-pH concrete under deep geological repository-like 
conditions: coupled biotic and abiotic effects. npj Mater Degrad. https://doi.org/10.1038/s41529-026-00773-0 
Pernicova R., Citek D., Dobias D., Mandlik T., Kratochvile L., Kolisko J. (2019): Development of low pH concrete – SÚRAO 
ZZ415/2019/Eng, 49 p. 
Šachlová Š., Vašíček R., Veselka Z., Gotz D., Kolomá K., Zuna M., Večerník P., Němeček J., Němeček J. (2025): Analyses and 
Testing of the IB200C Plug Low-pH Mortar (LPM), Technical Report TZ 859/2025, SÚRAO, Praha. 
Šachlová Š., Černochová K., Černá K., Kolomá K., Kočan K., Götz D., Kašpar V., Zuna M., Večerník P., Svoboda J., Vašíček R., 
Pusztai M., Kolková K., Hlaváčková V. (2026): Analysis of Czech Bentonites (Rev. 1), Technical report SÚRAO 933/2026, Praha. 
Vašíček R., Šachlová Š., Steinová J., Černá K., Hanusová I., Kočan K., Zuna M., Večerník P., Svoboda J., Kučerová M., 
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– a comprehensive analysis of the bentonite barrier. Environmental Earth Sciences 
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