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	A thermodynamic entrapment model for the description of Selenium(IV) coprecipitation with calcite
	Frank Heberling1*, Victor Vinograd2, Robert Polly1, Stephanie Heck1, Jörg Rothe1


	Various methods are applied in order to investigate Se(IV) incorporation into calcite over a range of Se(IV) concentrations and calcite supersaturation, expressed as SI(calcite).
	1.1.1 SI = 0, Adsorption experiments
	1.1.2 SI = 0.14, Aragonite recrystallization
	1.1.3 SI = 0.5-0.9, Mixed-Flow-Reactor (MFR) experiments
	Ca(SeO3)X(CO3)(1-X).
	Based on this stoichiometry a thermodynamic partition coefficient can be formulated:
	D = X(CaSeO3) / X(calcite)   c(CO32-) / c(SeO32-),
	Consequences of the model for nuclear waste disposal are that at calcite equilibrium Se(IV) is expected to react with the calcite surface only. Incorporation into bulk calcite by spontaneous recrystallization, which would be the most effective retarda...
	The next step in this study will be the publication of the experiments, DFT calculations, and the model concept.
	Many ideas are around for future experimental and theoretical work, capable of testing the model concept and refining the thermodynamic parameters, including AFM-, surface diffraction-, and crystal growth experiments, but no decision is made yet, whic...
	The research leading to these results has received funding from the European Union's European Atomic Energy Community's (Euratom) Seventh Framework Program FP7-Fission-2010 under grant agreement number 269688 (CP-SKIN).
	Recrystallization of Barite in the presence of Radium
	Felix Brandt1*, Martina Klinkenberg1, Konstantin Rozov1, Uwe Breuer2, Dirk Bosbach1


	Figure 19: SEM images of equilibrated Aldrich (a, b) and Sachtleben (c, d) barite. The magnification of the detail images b and d was adjusted to the actual grain size whereas the overview in a and c has identical magnifications.
	The Sachtleben barite consisted of blocky crystals with a particle size of > 10 µm (Figure 19 c, d). The morphology was dominated by barite cleavage planes.
	Figure 20: Temporal evolution of the Ra and Ba concentrations Top: experimental results with 5 g/L of barite; Bottom: results for 0.5 g/L of barite.
	Figure 23: Lippmann diagrams for 25  C and 90  C (a0 = 0.6 at RT and recalculated for 90 C), calculated GEMS-PSI program code using the indicated solubility products.
	The research leading to these results has received funding from the European Union's European Atomic Energy Community's (Euratom) Seventh Framework Program FP7-Fission-2010 under grant agreement number 269688 (CP-SKIN).
	Recrystallization of 223-radium with barite
	Natallia Torapava1*, Hanna Hedström1, Henrik Ramebäck1,2, Gunnar Skarnemark1 and Christian Ekberg1


	For the experiments studying 223Ra2+ and 133Ba2+ exchange with 226-radium sulfate, three solutions were prepared, Table 2. Several grains of 226-radium sulfate powder were placed into 100 mL plastic beakers filled with 100 mL of 0.01 mol∙L-1 sodium su...
	223Ra2+ and 133Ba2+ recrystallization with 226-radium sulphate will be studied in the future work.
	The research leading to these results has received funding from the European Union's European Atomic Energy Community's (Euratom) Seventh Framework Programme FP7-Fission-2010 under grant agreement n  269688 (SKIN project).
	Effect of temperature on the dissolution of clayey materials
	Tomo Suzuki-Muresan1*, Karine David1, Bernd Grambow1


	Figure 30: XRD patterns of Callovo-Oxfordian argillite (a, b) and illite/smectite (c, d) before and after purification, respectively. Blue points correspond to the experimental XRD patterns and the black line to the refinement XRD patterns.
	Table 5: Quantification by Rietveld method (Luterroti (2000), McHale et al. (1997)) of mineral phases existing in the Callovo-Oxfordian argillite and illite after purification.
	Figure 31: Evolution of Si-concentration in solution versus time for different temperature (35, 50, and 90  C) for illite/smectite: m/V = 6.7 g/L, SA/m = 82.3 m²/g, NaCl 0.01 M,  pH 5.6 – 6.3.
	Figure 32: Evolution of Si-concentration in solution versus time for different temperature (35, 50, and 90  C) for illite: m/V = 6.7 g/L, SA/m = 50.9 m²/g, NaCl 0.01 M, pH 6.1 – 5.8.
	Figure 33: Evolution of Si-concentration in solution versus time for different temperature (35, 50, and 90  C) for Callovo-Oxfordian argilite: m/V = 6.7 g/L, SA/m = 92.8 m²/g, NaCl 0.01 M, pH 8.0 – 8.2.
	Table 6: Maximal Si-concentration (mol/L) for illite, illite/smectite and Callovo-Oxfordian argillite (COx) at 35, 50 and 90  C.The maximal concentration corresponds to the mean value for the period after 50 days of contact.
	Table 7: Dissolution rates Rdiss (mol Si/m²/s) illite/smectite, illite and Callovo-Oxfordian argillite (COx) at 35, 50 and 90  C.
	Table 8: Al-,Fe-concentrations (mol/L) for illite/smectite, illite and Callovo-Oxfordian argillite (COx) at 35, 50 and 90  C.
	The research leading to these results has received funding from the European Union's European Atomic Energy Community's (Euratom) Seventh Framework Program FP7-Fission-2010 under grant agreement number 269688 (CP-SKIN).
	Diffusion and advection in cementitious media
	John Hinchliff*, Nick Evans, Monica Felipe Sotelo


	This paper describes a few examples from a series of diffusion and advection experiments. These dynamic experiments aim to understand the interaction between cementitious media and radionuclides relevant to the geological disposal of radioactive waste.
	The cementitious media being studied are NRVB (Nirex Reference Vault Backfill) and a waste packaging grout containing PFA (pulverised fuel ash). The results for the PFA grout will not be available until mid-2013 so the discussion here concentrates on ...
	Figures 13 and 14 below show the results of the H-3 advection experiment. H-3 provides the conservative case where sorption to the solid phase should be at a minimum and mobility in the liquid phase maximised. It can be seen that the experiment procee...
	Figures 15 and 16 below show the results of the Ca-45 advection experiment. The contrast to the H-3 results is marked with 50-60 times more eluent being required prior to breakthrough being observed. The recovery of Ca-45 is much reduced when compared...
	Figures 17 and 18 below show the results of the Sr-90 advection experiment. The results are different to both the H-3 and Ca-45 results. The recovery of Sr-90 is ~85% similar to H-3 and very different to Ca-45.
	The advection experiments show that there are clear differences in mobility between the radionuclides tested. As expected, H-3 behaved conservatively being subject primarily to dispersion it moved very quickly through the cylinder (although the long “...
	 Visualisation of the Sr migration using Sr-82/Rb-82 pair and a PET scanner.
	The research leading to these results has received funding from the European Union's European Atomic Energy Community's (Euratom) Seventh Framework Program FP7-Fission-2010 under grant agreement number 269688 (CP-SKIN).
	Interaction between Uranium and Iron (III) oxides
	Mireia Grivé1*, Elisenda Colàs1, Alba Valls1, Lara Duro1

	Thorium oxide solublity behavior vs. the surface crystalline state
	Johan Vandenborre1*, Tomo Suzuki-Muresan1, Katy Perrigaud1, Bernd Grambow1


	Table 11: Experimental data from the solubility experiments for Sample (IV) with a contact time of 220 days.
	Table 12: Experimental data from the solubility experiments for Sample (II) with a contact time of 220 days.
	Table 13: Experimental data from the solubility experiments for Samples (I) and (III) with a contact time of 220 days.
	The research leading to these results has received funding from the European Union's European Atomic Energy Community's (Euratom) Seventh Framework Programme FP7-Fission-2010 under grant agreement n  269688 (SKIN project).
	On slow UO2 (s) oxidation-dissolution process at different repository conditions
	Daqing Cui 1,2*, Kastriot Spahiu3


	Spent nuclear fuel is largely UO2(s), with a small fraction (about 4-6 at. %) of fission products and transuranium elements. Most radionuclides are present as solid solution within the fuel matrix and their release rates depend mainly on the rate of d...
	According to calculations based on published thermodynamic data (Grenthe et al. (1992)), the solubilities of two hyper-stoichiometric uranium oxides UO2.33 and UO2.25 in near neutral pH solutions are 10-7.7 M and 10-8.1 M respectively (Grambow et al. ...
	The research work on the corrosion of UO2 surface and the formation of intermediate corrosion products UO2+x were summarized (Shoesmith (2000)) and a layer of UO2.33 is formed on the outer surface of UO2(s) in a solution with no or lower (<10-3 M) NaH...
	UO2 pellets with natural 235U enrichment (0.72%) were purchased from Westinghouse, Sweden. UO2(s) fragments from crushed the UO2 fuel pellets with 2-4 mm size fraction. One mm thick UO2 slices were sawed from the above mentioned UO2 pellet and polishe...
	U concentration and 235U/238U ratio in solution samples at different time were measured by ICP-MS. The experiments were carried out at room temperature (22 ( 2 oC) at the following conditions:
	Three leaching solutions used in the experiment are a) synthetic groundwater, known as Allard water with a composition shown in Table 14, b) 2 mM NaHCO3, 0.1M NaCl and c) 2 mM NaHCO3 0.1M KCl. In a temperature controlled (23(2 oC) laboratory, batch ex...
	After the batch experiments the corroded surface of UO2 slice was rinsed with ethyl alcohol, dried and analyzed. Raman microscope was used to analyze the corroded UO2 and precipitated particles on it.XPS (X-ray Photoelectron Spectroscopy) was used to ...
	Isotope exchange, Exp A-A9
	Assuming
	a) A certain depth of outer-layer UO2.33 that formed on the surface UO2 powder that is in equilibrium with U(VI) in solution has the same isotope ratio (re)) as that in solution after 112 days reaction,
	The negative (G values for reaction (1) and (2) indicate that both reactions are thermodynamically possible. The nearly linear relationship between Log[U]t or –Ln ([U]t/[U]0) and reaction times, t, as that shown in Figure 48, during the first and the ...
	One of differences between adsorption and multi-electron redox reactions is that the former often display a faster reaction kinetics, which usually is controlled by diffusion processes, while the latter often display a slower pseudo first order kineti...

	Figure 48: Logarithmic U(VI) concentrations at different times in the U(VI)-UO2 experiment with in-situ oxygen trap. During the first 4 hours, ultrasonic bath was applied to generate suspended particles with fresh UO2.0(s) surface.
	The U(VI)/U(IV) ratios for both the initial and reacted UO2(s) surfaces in Exp B were measured by XPS (X-ray photoelectron spectroscopy) method and the calculated x value for UO2+x are given in Table 17. The XPS method is often used to check chemical ...
	 in open atmosphere, there is a pre-oxidised U(VI) layer on the outer surface of UO2(s) fragments
	 the pre-oxidised UO2+x layer is dissolved in a 2 mM HCO3- solution and
	 under anaerobic conditions, uranyl carbonate may react with fresh UO2.0 (s) surfaces and form an UO2+x layer on the UO2 (s) surface, the final product being most probably UO2.25 (U4O9).
	 The U(VI)/U(IV) ratio was determined by the KPA method to be 0.162, corresponding a value of x = 0.14 in UO2+x.. It must be noted that the during the sample treatment, the filtrate particles are dissolved in 1 M H3PO4, therefore the U(VI)/U(IV) rati...
	 Optical photographs: in comparison with crushed fine particles of the original UO2 fragments, the reacted fine particles are of lighter colour than the original.
	 Laser Raman Spectroscopy: the reacted sample has two new peaks at 1307.7 and 1153.1 cm-1, as compared to the Raman spectra of the original peroxidised fragments. It may be interpreted that the UO2.0 below the nm thick U O2+x of the reacted sample co...
	 X-ray diffraction (XRD): the diffraction peaks of the reacted sample are wider than that for the original sample. No shift of the peak positions indicating shorter distances in the reacted sample was observed. Because of the penetration characterist...
	Table 17: The U(VI)/U(IV) ratio of uranium oxide surfaces formed in anoxic solutions initially containing 2 ppm U(VI), 10mM NaCl and 2 mM HCO3-, analysed by XPS and calculated x value of UO2+x.
	After removing 0.7 g solid fragments from reaction bottle (for XPS analysis), about 20 (l 170 ppm 87% 235U enriched U(VI) solution with 0.02 N HCl was added into reaction bottles with 1.9 g solid and 3.5 mL liquid. U(VI) concentrations and 235U / 238U...
	Decomposition of arsenazo III by Fenton reaction induced by gamma irradiation
	Z. Zheng 1, M.L. Kang 1, C.L. Liu 1,*, Bernd Grambow 2, Lara Duro 3, Tomo Suzuki-Muresan2

	Adding uptake kinetics and surface entrapment to geochemical models
	Bruno M.J. Thien1*, Dmitrii A. Kulik 1, Enzo Curti1


	* From left to right.
	Considering that the same phenomenon triggers Ds and Rb, we further assume:
	By combining eq (4) with eqs (6-7), one obtains (Thien et al. (2012)):
	Solid solution thermodynamics
	Enzo Curti1,*
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