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1. Introduction

At its meeting in Barcelona on the 8th of July 2009, the EFDA Steering Committee approved the EFDA 2010 Workprogramme, including the tasks identified below. This Task Agreement covers the activities for the 2010-WP of the MAT-REMEV Research Project of the Fusion Materials Topical Group, Radiation Effects Modelling and Experimental Validation, and will be implemented on the basis of the provisions given in Art. 5 of EFDA Agreement.

2. Objectives

The modelling activities under the Fusion Materials Topical Group pursue two objectives of (i) supporting Fusion for Energy (F4E) with the research project MAT-REMEV: Radiation Effects Modelling and Experimental Validation, and (ii) progressing with the development of materials for the possible use in DEMO. With respect to the first objective, the programme is focused, as a matter of priority, on the development of quantitative numerical tools for quantitative modelling and inter-correlating the radiation effects in EUROFER associated with its exposure to neutrons of various energy spectra. The validated tools and the associated experimental database will provide the basis for the optimisation of the IFMIF programme and for the assessment & extrapolation of the available data to the entire range of operational conditions encountered in DEMO for a reliable licensing process. The present document describes this first set of activities. The activities related to the second objective, namely modelling to support the development of ODS ferritic steels and of tungsten / tungsten alloys, are integrated in the corresponding research project work programme.

The objectives of the 2010 Work Programme of MAT-REMEV are defined according to the Strategic Objectives for Fusion Materials Modelling and Experimental Validation (2010-2015) [1] and in continuity with the achievements of WP-2008-2009. The main 2010-WP objectives are given below following the classification of Strategic Objectives 2010-2015 [1]:

(i) Cohesion
This activity encompasses the development of statistical methods to calculate the Gibbs free energy based on the energy of a limited set of atomic configurations calculated ab initio at 0 K. The development & first parameterisation of Spin Lattice Dynamics (SLD), in semi-classical atomistic approach, will provide a physically based description of magnetic excitations (magnons) and lattice vibrations (phonons) and their coupling, required for predicting the free energies of the phases & relative stability of the Fe-Cr system, and describing the energies of radiation defects and the dynamics of defect production in high-energy collision cascades generated by fusion neutrons.

(ii) Phase Diagram and phase transformation kinetics of the Fe-Cr system
Phase stability of the Fe-Cr system is an essential topic, as the formation of chromium-rich α´ precipitates triggers hardening and embrittlement of ferritic/martensitic steels under fission neutron irradiation. The 2010-WP is devoted to the ab initio calculation of the ground state energy of the s-phase and the application of Magnetic Cluster Expansion (MCE) developed in the 2008-2009 WP to the prediction of stability of this phase under equilibrium conditions. In addition introducing ballistic replacements and point defects in the MCE will provide a first evaluation of the a’ and s-phase stability under irradiation.

(iii) Displacement cascades: the long-time scale evolution
The objective of this activity is, by using the best available Fe-Cr-C potentials, to evaluate the sensitivity of the long-time scale kinetics of the radiation induced microstructure to the initial configuration of defect structures predicted by MD simulations. In this context microstructure means the distribution of clusters of defects and alloying elements (carbon and chromium) in crystalline matrix modelled by Atomic kinetic Monte Carlo (AkMC).  The expected outcome of this activity is a model for long-term evolution of displacement cascades, capable of predicting the fraction of freely migrating defects, defect clusters, and their interaction with alloying elements.

(iv) He & H and damage accumulation
Although the reduced activation ferritic/martensitic steels (RAFMS) exhibit very low swelling under fission neutron irradiation, several results reported in the open literature indicate that they might swell significantly under triple ion beam irradiation (dpa=self-ion, He, H) at fusion relevant He/dpa and H/dpa ratios. The ab-initio calculations and the development of Object kinetic Monte Carlo (OkMC) initiated in the 2008-2009 WP will be continued to model the kinetics of He-H-V-C clustering in the Fe-Cr matrix (in solid solution or in the presence of chromium precipitates), close to grain boundaries and in the bulk, with a particular attention paid to the role played by H and C. An atomistic AkMC will also be parameterised for comparison with OkMC.

(v) Kinetics: Development of advanced methods.
Advanced kinetics methods are key issues for predicting radiation effects in complex, often concentrated alloys, under irradiation up to high doses and high contents of He and H, as it involves numerous species and events, and also long times. Two types of modelling are proposed to be developed. These are new important activities required to bring modelling in closer contact with experimental observations, specifically in terms of addressing the necessary long time scales and large system sizes. 

The First Passage kinetic Monte Carlo (FPkMC) has been proposed and initially developed by the LLNL on the basis of the Event kinetic Monte Carlo (EkMC) investigated at CEA Saclay earlier. The latter was successfully used to predict the radiation damage recovery stages in pure a-Fe at the beginning of the Radiation Effects Modelling Programme. FPkMC in principle exhibits linear scaling as a function of the number of objects involved in a simulation, and in this way is well adapted to treat complex systems and long time scale kinetics. Predictions made by FPkMC will be compared to the kinetics of well characterized model systems, like pure iron, and then adapted and parameterised for the Fe-Cr system for the fusion relevant irradiation conditions, and compared with AkMC and OkMC predictions (see above).

Another development route is to use Mean Field coarse-grained modelling, where the treatment of diffusion is based on atomic scale predictions and the coarse graining procedure adapted for transferring information up from the atomic scale. This method will be developed for the Fe-Cr system, with diffusion mechanisms involving vacancies and interstitials, and assessed versus phase stability.

(vi) Plasticity and fracture 
The slow dynamics of screw dislocations is the controlling mechanism for plasticity and the onset of brittle fracture of bcc metals and alloys, and hence this dynamics is the controlling factor for the Ductile Brittle Transition Temperature (DBTT).  This requires that ab-initio calculation of dynamical properties and interaction of screw dislocations with chromium, carbon & helium be pursued.

Plasticity modelling at the meso-scale via Discrete Dislocation Dynamics also requires increased effort. The Green’s function formalism will be introduced, as it is required to describe the anisotropic elasticity typical of high temperature behaviour of a-Fe and ferritic/martensitic steels. This should result in the quantitative prediction for the effect of a-Fe and steel softening at high temperature close to the a-> g transformation temperature.

(vii) Visco-plasticity 
During normal operation, materials of the Tritium-Breeding Blankets and Divertor will be in the range of temperatures and stresses where thermal and/or irradiation creep represents the dominant long-term time-dependent deformation mechanism. Dislocation climb also has to be introduced in the DDD codes to predict the observed deformation rates occurring under irradiation. One of the objectives of the WP-2010 is to initiate this activity.

(viii) Experiments: development & user’s facilities
A close link between experiment and modelling is essential for the experimental validation of numerical models. The pure a-Fe and Fe-Cr model alloys already produced on behalf of EFDA will be extensively used. 

The effort to define experimental conditions for pre-implanting, and, subsequently carrying out thermal He desorption spectroscopy experiments will continue. In parallel, ion irradiation under multiple ion beam conditions will allow testing the kinetic models for He, H and dpa accumulation. 

The effort to develop electrical resistivity measurements down to cryogenic temperatures after ion irradiations should result in 2011 in well assessed results after proton irradiation (penetration ~100 micrometers) and feasibility assessment after self ion irradiation ( penetration depth ~a few micrometers).

The experimental techniques and methods that are expected to be used for validation of models, and for exploration of a range of timescales, temperatures, stress states, and irradiation conditions, include in-situ and ex-situ electron microscopy for the examination of defect and dislocation microstructures. Also they include atom probe tomography for examining nano-chemistry and precipitation effects in alloys and ion irradiated specimens, and the ion beam irradiation facilities themselves. It is expected that advantage should be taken of the closely related methods like electron energy loss spectroscopy for cross-validation of atom probe tomography studies, and numerical TEM image simulations. Mössbauer spectroscopy, synchrotron radiation based EXAFS and related methods, and neutron diffraction could bring extra capacity in validating theoretical models and predictions.   

The activities (i)-(viii) described above, the main objectives, milestones, and deliverables, have been defined in collaboration with F4E, and are intended to support the F4E EUROFER programme. 

3. Work Description and Breakdown

3.1 Structure
(i) Cohesion
(ii) Phase Diagram and phase transformation kinetics of the Fe-Cr system
(iii) Displacement cascades: the long time-scale evolution
(iv) He & H and damage accumulation
(v) Kinetics: Development of advanced methods.
(vi) Plasticity and fracture 
(vii) Visco-plasticity 
(viii) Experiments: development & user’s facilities
WP10-MAT-REMEV-01

Cohesion

Deliverables
	(i) Cohesion

	Objectives
	Milestones
	Deliverables

	Spin-Lattice Dynamics 
	Development of an electronic structure based spin-lattice dynamics model within a semi-classical atomistic approach.
	12/2010: Report on a semi-classical atomistic approach of spin-lattice dynamics and its parameterisation.

	Magnetic Properties, Mössbauer effect & Small Angle Neutron Scattering (SANS) . 
	Determination of Short Range Order (SRO), crystalline structure & magnetic properties of Fe-Cr model alloys.
	12/2010: Report on Short Range Order (SRO), crystalline structure & magnetic properties of Fe-Cr model alloys after various heat treatment.


WP10-MAT-REMEV-02

Phase Diagram and phase transformation kinetics of the Fe-Cr system

Deliverables
	(ii) Phase Diagram and phase transformation kinetics of the Fe-Cr system

	Objectives
	Milestones
	Deliverables

	First Principles modelling of precipitation of s-phase in Fe-Cr model alloys.
	Transformation path (displacement + rotation) & step energies from the bcc Fe-Cr to the σ-phase for several Cr contents.
	12/2010: Report on the cohesive energy of σ-phase as deduced using the two step transformation from the bcc Fe-Cr for several Cr contents.

	Magnetic Cluster Expansion (MCE).
	Development of MCE including vacancies and Self Interstitial Atoms.
	12/2010: Report on vacancies and SIAs energies in Fe-Cr described on via MCE.


WP10-MAT-REMEV-03

Displacement cascades: the long-time scale evolution

Deliverables
	(iii) Displacement cascades: the long-time scale evolution

	Objectives
	Milestones
	Deliverables

	Displacement cascade simulation in Fe-Cr-C model alloys.
	Development of interatomic potentials for Fe-Cr-C alloys & determination of cascade overlapping effects in Fe-Cr-C.
	12/2010: Report on the new Fe-Cr-C potential and on cascade overlapping effects in FeCrC.


WP10-MAT-REMEV-04

He & H and damage accumulation

Deliverables
 

	(iv) He & H and damage accumulation

	Objectives
	Milestones
	Deliverables

	DFT calculations: (i) He H & C energetics near Grain-Boundaries (GB), (ii) role of Cr on the energetics of He, V & their clusters. 
	(i) Effect of C on the diffusion at GB compared to bulk, (ii) Migration energies of He & Cr in Fe-Cr model alloys at various Cr contents.
	12/2010: Report on (i) Diffusion of He close to GB in presence of C (ii) He & V migration in Fe-Cr model alloys.

	DFT based OKMC development: to predict the evolution of He and point-defects produced in Fe-Cr-C alloys with GB under irradiation. 
	First comparison of OKMC with dual beam induced microstructure in Fe-Cr model alloys (see activity viii). Identification of experiments for validating OKMC predictions, and initial comparison of model data with experimental results.
	12/2010: Report on first comparison of OKMC model with experimental data obtained via ion-beam irradiation in JANNUS. Identification of model limitation & modifications

	DFT based Atomic kinetic Monte Carlo (AkMC) including He within Fe-Cr alloys with GB under irradiation. 
	Implementation of He diffusion mechanism in bcc Fe in AkMC code. First computation on a/a' unmixing.
	12/2010: Report on implementation of He diffusion mechanism in AkMC code. First AkMC simulation of a/a' unmixing.


WP10-MAT-REMEV-05

Kinetics: Development of advanced methods

Deliverables
	(v) Kinetics: Development of advanced methods

	Objectives
	Milestones
	Deliverables

	Develop & validate a First Passage kinetics Monte Carlo (FPkMC) method
	Implementation & validation of the FPkMC versus (i) Event kMC (EkMC) & experiments (Resistivity Recovery in UHP Fe), and, (ii) AkMC for well assessed dilute systems.
	12/2010: Report on the implementation of First Passage kMC and benchmarking against experimental data & modelling tools such as EkMC & AkMC. Efficiency (N-method).

	Develop a meso-scale kinetic code to simulate the diffusion transport in concentrated alloys under irradiation
	Introducing vacancy diffusion mechanism into a Phase Field Model with fluctuations. Calculating the driving force as a function of temperature and concentration (solid solution & demixed Fe-Cr system).
	12/2010: Report on the calculated driving forces in the Phase Field model in the case of a Solid solution and demixed binary alloy with vacancy-diffusion mechanism.

	Atomic kinetic Monte Carlo (AkMC) coupled with Artificial Intelligence (AI). 
	Coupling kMC with AI & assessing the effect of the initial training set obtained from empirical potentials and DFT calculations.
	12/2010: Report on AkMC unmixing of Fe-Cr system with migration barriers calculated via AI from an initial set based on empirical potential & DFT calculation. Effect of the initial set of data.


WP10-MAT-REMEV-06

Plasticity and fracture

Deliverables
	(vi) Plasticity and Fracture

	Objectives
	Milestones
	Deliverables

	DFT calculations: energetics of screw & edge dislocations under stress in a-Fe with impurities.
	DFT & empirical potential based calculation of the crystal orientation dependence of the Peierls stress & glide plane of straight dislocations. Methodological development using empirical potential concerning kink formation under stress.
	12/2010: Report on Methodological developments using empirical potentials & DFT: (i) 1/2<111> dislocation kink formation under stress, (ii) kink formation enthalpy in {211} planes, (iii) core structure & Peierls barrier of <100> screw, 1/2<111> edge & mixed dislocations.

	Experimental validation of dislocation dynamics properties
	In-situ TEM observation of dynamics of screw & edge dislocation in binary Fe-Cr model-alloys versus temperature. High strain rate tensile testing of pure a-Fe.
	12/2010: Report on (i) Cr effect on dynamics of screw dislocation. Comparison with DFT prediction. (ii) High strain rate tensile testing of pure a-Fe. Comparison with MD simulation.

	Screw dislocation mobility in presence of nanometric obstacles observed in TEM. Micromechanical testing of Fe model alloy
	TEM observation of mobility of screw dislocation in the presence of nanometre-size obstacles introduced by ion-beam irradiation. The determination of dislocation mobility laws from TEM observations. Side effect and glide plain identification in micromechanical testing; effects of grain boundaries and C and Cr.
	12/2010: Report on TEM observation of screw dislocation mobility in presence of nanometre-size obstacles. MD simulation of observations. Comparison with dislocation mobility laws determined by TEM observation.

12/2010: Report on micromechanical test and interpretation

	MD simulations: (i) hardening due to radiation induced defect clusters and (ii) effect of carbon on the mobility of dislocation loops and vacancy clusters. 
	Reaction mechanisms of 1/2<111> screw dislocation with 1/2 <111> & <100> dislocation loops. Interaction of 1/2<111> screw dislocation with Cr precipitates. Effect of C on the energy & mobility of V & SIA clusters
	12/2010: Report on (i) interaction mechanisms of 1/2<111> with dislocation loops and Cr-precipitates and (ii) effect of C on the mobility of vacancies and SIA clusters.

	3D Discrete Dislocation Dynamics within anisotropic elasticity theory. 
	DDD code with anisotropic elasticity of a-Fe including temperature dependence of the elastic stiffness constant.
	12/2010: Report on calculated 3-D dislocation microstructure and prediction of yield strength softening versus temperature in a-Fe.


 

WP10-MAT-REMEV-07

Visco-plasticity

Deliverables
	(vii) Visco-plasticity

	Objectives 
	Milestones
	Deliverables

	DDD model including dislocation climb under irradiation
	Dislocation climb model with vacancy pipe-diffusion & vacancy-jog interaction.
	12/2010: Report on DD simulations of dislocation climb controlled by V diffusion.


WP10-MAT-REMEV-08

Experiments: development & user's facilities

Deliverables
	Experiments: development & user’s facilities

	Objectives
	Milestones
	Deliverables

	Kinetic Modelling validation: Mono & dual beam irradiation in JANNUS followed by TEM & TAP characterisation of the microstructure. 
	TEM characterisation of Fe and Fe-Cr alloys under self-ion irradiation (dpa) and self-ion & He implantation.
	12/2010: Report on TEM characterisation of Fe and Fe-Cr alloys under self-ion and self-ion & He implantation

	He-diffusion mechanisms validation: thermal He-desorption spectroscopy.
	He-desorption on pre-implanted a-Fe and Fe-Cr model alloys in conditions determined by modelling
	12/2010: Report on comparison of experimental desorption spectroscopy & modelling prediction for a-Fe & Fe-Cr model-alloys

	Primary damage in pure a-Fe & Fe-Cr alloys: identification of dislocation loops and He bubbles. 
	Characterisation of radiation damage and He bubbles in pure Fe and Fe(C, Cr) model alloys, assisted by TEM image and EELS process simulation.
	12/2010: Interim report on radiation damage in and He bubbles in pure Fe and Fe(C, Cr) model alloys.

	Technical feasibility of experimental set-ups for electrical resistivity measurements at cryogenic temperature on discs of a few micrometers thickness. 
	(i) Completion of electrical resistivity measurements at cryogenic temperature on Fe-Cr sample of ~100 micrometers thickness, (ii) First elements of feasibility study on specimens of a few micrometers thickness, (iii) Investigation of resistivity recovery of cold-worked high purity irradiated specimens, including the comparison of electron- and ion-irradiated specimens.
	12/2010: Report on evaluation of the set-up devoted to electrical resistivity measurement on ~100 micrometer thick Fe-Cr specimens. The report should desirably include also the investigation of resistivity recovery of cold-worked high purity irradiated specimens, including the comparison of electron- and ion-irradiated specimens.

	Quantitative TEM &SEM examination of EUROFER irradiated in SPICE (15 dpa), WTZ (15 dpa) and Arbor1 (30 dpa). 
	Completion of quantitative TEM & SEM investigation on EUROFER irradiated in SPICE, WTZ & ARBOR1.
	12/2010: Report on TEM & SEM examined microstructure in EUROFER irradiated in SPICE, WTZ and ARBOR1. Comparison with the modelling prediction.


3.2 Work Breakdown and involvement of Associations
The work breakdown and involvement of the Associates which results from the call from participation and the assessment conducted by the EFDA-CSU and the Fusion Materials Topical Group is given in Table 3.1

Table 3.1: Work Breakdown

	Year
	Work Description
	Associate
	BS Manpower (ppy)
	BS Hardware, Cons., Other Expenditure (kEuros)
	PS Manpower (ppy)
	PS Hardware, Cons., Other Expenditure (kEuros)

	2010
	WP10-MAT-REMEV-03-01/Belgium_SCK-CEN/PS
Displacement cascades: the long-time scale evolution
Development of ternary interatomic potentials for Fe-Cr-X system to account for effects related to the presence of minor alloying elements (i.e. W, Mo) entering the composition of low activated EUROFER steel and conventional Fe-9Cr steels. Production of two and three body potentials to introduce other transition metals (in the Fe-Cr matrix) that enter EUROFER’s composition as minor alloying elements and may have important impact on the microstructural evolution (target systems to be discussed within the community). The potentials will be produced based on the DFT database that is to be developed according to the strategic plan for 2010-2015. The main host matrix is to be Fe-Cr and primary target is to reproduce correctly properties of Fe-Cr-W system in dilute limit or low-concentrated alloys.
	Belgium_SCK-CEN
	0.00
	0.00
	0.50
	0.00

	
	WP10-MAT-REMEV-05-01/Belgium_SCK-CEN/PS
Kinetics: Development of advanced methods

Development of atomistic kinetic Monte Carlo coupled with Artificial Intelligence Neural Network (AINN) for prediction of migration barriers for different types of point defects in dilute and concentrated Fe-Cr system. A regression constructed using IANN will be built based on semi-empirical interatomic potentials already developed with MAT-REMEV programme and also using data obtained by density functional theory calculations. As a first step, a large scale Metropolis Monte Carlo calculations will be performed to investigate possible segregation effects in the Fe-Cr system (of relevant Cr content) in matrices containing extended defects (e.g. dislocations or grain boundaries) and nano-scale experimentally resolvable radiation induced defects, such as dislocation loops and voids. This work is necessary to ensure that kMC tool under development can correctly address the problem of segregation driven by irradiation point defects. To achieve this goal the atomistic MMC technique allowing for the relaxations is to be developed and applied at the first place.
	Belgium_SCK-CEN
	0.00
	0.00
	0.24
	0.00

	
	WP10-MAT-REMEV-06-01/Belgium_SCK-CEN/BS
Plasticity and fracture
MD simulations: (i) hardening due to radiation induced defect clusters and (ii) effect of carbon on the mobility of dislocation loops and vacancy clusters. Studies will be performed using large scale molecular dynamics simulations. In 2010, the focus will be on the investigation of possible mechanisms of dislo-loop interaction and influence of periodic boundary conditions. In 2011, the effect of temperature and presence of Cr in the matrix will also be addressed. The critical stress required for the dislocation to overcome an obstacle of a given type will be obtained from these simulations. One of the specific issues that will be address is the estimation of the activation energy and volume for the dislocation interacting with defects. Knowledge of these data could allow for the cross-comparison with experimental data (mechanical tests varying strain rate) to be performed. This task will be considered in collaboration with CRPP group (R. Schaeublin).Finally, the qualitative and quantitative comparison of the resistance strength that is offered by ½<111> and <100> loops to the motion of edge and screw dislocations will be assessed. The second part of the task will be accomplished as follows. Both static and dynamic simulations will be performed using the most appropriate interatomic potential for Fe-C system that correctly accounts for the saturation of covalent bonding interaction (derived by Hepburn and Ackland). The main issues to be addressed are the following: effect of Carbon on the relative stability of ½<111> and <100> self interstitial clusters, effect of Carbon on the mobility of 1D-migrating dislocation loops, possible drag of Carbon by the dislocation loops and dislocations, effect of Carbon on the stability and mobility of small vacancy clusters. Effect of Carbon on the nucleation and movement of pair kinks on screw dislocations.
	Belgium_SCK-CEN
	1.25
	0.00
	0.00
	0.00

	
	WP10-MAT-REMEV-01-01/CCFE/BS
Cohesion
This proposal involves collaboration between CCFE and the Swiss Association, and the person primarily involved in this work in Switzerland is Dr Peter M Derlet of Paul Scherrer Institut (PSI)

The recent Magnetic Cluster Expansion simulations of phase stability of Fe-Cr alloys showed that the free energies of alpha, delta, and gamma phases, and hence the driving force for the alpha' precipitation, as well the structure of radiation defects formed in these alloys, are controlled by the combination of atomic (phonon) and magnetic (magnon) degrees of freedom. Since lattice-based simulation methods do not treat phonon excitations, it is necessary to develop a dynamical simulation method that would be able to treat both vibrational and rotational magnetic degrees of freedom. The first version of this method has now been developed, but the choice of parameters has not yet been verified, and hence the existing implementation does not extend beyond a semi-quantitative level.

The work on magnetic interatomic potentials that has just been accomplished through a collaboration involving CCFE and PSI has resulted in the development of a refined version of interatomic interaction law, which still remains a phonon-only model and does not treat the rotational excitations of magnetic moment significant for understanding the high temperature properties of materials.

In 2010 the effort will focus on the development of an optimized parametrization for the spin-lattice dynamics simulation scheme to enable simulation of radiation defects at elevated temperatures, high temperature elastic properties of iron, and effects associated with the interplay between the strong deformations in the core regions of defects and dislocations, atomic vibrations, and magnetic excitations.

Note: 0.5PPY allocated is associated with this task, and 0.5PPY is for Sergei Dudarev's coordination role under the EFDA Materials Topical Group
	CCFE
	0.10
	0.00
	0.00
	0.00

	
	WP10-MAT-REMEV-01-01/CCFE/PS
Cohesion
This proposal involves collaboration between CCFE and the Swiss Association, and the person primarily involved in this work in Switzerland is Dr Peter M Derlet of Paul Scherrer Institut (PSI)

The recent Magnetic Cluster Expansion simulations of phase stability of Fe-Cr alloys showed that the free energies of alpha, delta, and gamma phases, and hence the driving force for the alpha' precipitation, as well the structure of radiation defects formed in these alloys, are controlled by the combination of atomic (phonon) and magnetic (magnon) degrees of freedom. Since lattice-based simulation methods do not treat phonon excitations, it is necessary to develop a dynamical simulation method that would be able to treat both vibrational and rotational magnetic degrees of freedom. The first version of this method has now been developed, but the choice of parameters has not yet been verified, and hence the existing implementation does not extend beyond a semi-quantitative level.

The work on magnetic interatomic potentials that has just been accomplished through a collaboration involving CCFE and PSI has resulted in the development of a refined version of interatomic interaction law, which still remains a phonon-only model and does not treat the rotational excitations of magnetic moment significant for understanding the high temperature properties of materials.

In 2010 the effort will focus on the development of an optimized parametrization for the spin-lattice dynamics simulation scheme to enable simulation of radiation defects at elevated temperatures, high temperature elastic properties of iron, and effects associated with the interplay between the strong deformations in the core regions of defects and dislocations, atomic vibrations, and magnetic excitations.

Note: 0.5PPY allocated is associated with this task, and 0.5PPY is for Sergei Dudarev's coordination role under the EFDA Materials Topical Group
	CCFE
	0.00
	0.00
	0.90
	0.00

	
	WP10-MAT-REMEV-02-01/CCFE/PS
Phase Diagram and phase transformation kinetics of the Fe-Cr system

Proposed activity: the sigma phase (PI - Nguyen Manh)

(i) The first part of this work is linked to recent experimental (TEM) observations by Oxford and Saclay groups on irradiation induced precipitation in very low range of Cr concentration in FeCr system. The corresponding EDS analysis shows that these precipitates contain up to 46 at.% Cr which in turn could be linked to the σ phase formation. We will be using DFT parallelized codes available at Culham (PLATO and VAST) to study the mechanism of transformation path ways from the bcc phase of FeCr alloys into the sigma phase. The structural sequences of transformation mechanism will be investigated energetically by two following steps: 1) Atomic displacements over small distance in the [111]bcc direction take place leading to the formation of new layer structure; 2) The transformation to the sigma phase is completed by rotation of alternative layers in the direction of [001]σ. 

(ii) The second part of this work is to model the thermodynamic and kinetic properties of the σ phase precipitates in FeCr and WRe alloys based on the DFT data base of migration energy pathways obtained by DFT calculations and extended to the finite temperature by taking into account different entropic configurations. There are three main contributions to the entropy term: a) configurational contribution related to the occupancy of each site within the σ phase; b) magnetic contribution that is very important for ferritic FeCr alloys and c) vibrational one coming from phonon contribution. We propose to treat these contributions separately from DFT consideration and then to compare with empirical treatments from CALPHAD data base. The first two contributions are linked to the non-magnetic or magnetic cluster expansion calculations similar to our previous studies for FeCr systems. The effect of irradiated defects (vacancy and SIA) to the entropy will also be considered here. The last contribution is being investigated by DFT calculations of phonon spectra for the σ phase in both FeCr and WRe alloys at different Cr and Re concentration, respectively. 

Proposed activity - MCE (PI - Lavrentiev)

In order to perform kinetic Monte Carlo simulations of Fe-Cr system based on the MCE Hamiltonian, a scheme to obtain the activation energies of migration processes has to be developed. The most straightforward way here, namely calculating the difference between the energy of the system at the top of the potential barrier and at the initial position, is currently unsuitable for high temperatures. The reason is the large fluctuations of the energy in the large simulation box which exceed the activation energy (of the order ≤ 1 eV). In the absence of this possibility to develop the MCE including vacancies and self interstitial atoms, the most promising and natural way seems to be the extension of application of the conventional CE to vacancy-mediated migration, developed by Van der Ven et al. [13,14]. They represented the migration energy (and the vacancy formation energy) as sums over clusters of atoms in the vicinity of the vacancy and migrating atom. The MCE expression for the migration energy in this case, apart from the configurational variables, has to include the magnetic moments of the atoms, similarly to the MCE Hamiltonian for perfect crystal. Two questions immediately arise:

1. Does the expression for the migration barrier have to include only the moments of atoms before and after the jump, or the moments at the top of the potential barrier are also necessary? 

2. Can the values of the moments obtained for the perfect crystal be used, or the change of the moments due to the presence of the vacancy has to be taken into account? 

Both these questions can only be answered if test Hamiltonians are constructed and several parameter sets are tested and compared with the results of DFT calculations of the barriers. Another important test which Hamiltonian should pass is the temperature dependence of the activation energy. There are several experimental data showing the change of slope of the self-diffusion and diffusion coefficients of solute atoms in iron at the Curie point [15,16]. The successful MCE Hamiltonian should describe this change in the kinetic Monte Carlo simulations. 

After the satisfactory Hamiltonian for vacancy-mediated diffusion will be obtained, the next step will be the MCE study of self-interstitial atoms behaviour. The situation here seems to be similar to the case of vacancy, but in fact, has substantial differences. Most importantly, the configurations before and after the jump are the configurations where some of the atoms are away from their ideal crystallographic positions. It means that the MCE Hamiltonian for ideal crystal cannot be applied to the system and the MCE treatment has to be developed for such configurations. In other respects, however, the treatment of interstitial-mediated diffusion in MCE seems to be similar to the vacancy case.

Parallel to the development of the MCE treatment of diffusion processes, the conventional CE treatment will be used. Recently, a comparison between several atomistic kMC techniques has shown [17] that even the simplest CE treatment, the broken bond approximation, can give reliable results compared to more sophisticated methods (model Fe-Cr potential and neural network approach). We intend to use the CE results as a fast and straightforward way of checking the MCE results. This will be done either in broken bond approximation CE, or, if necessary, more elaborated CE treatment will be developed.
	CCFE
	0.00
	0.00
	0.50
	0.00

	
	WP10-MAT-REMEV-02-02/CCFE/BS
Phase Diagram and phase transformation kinetics of the Fe-Cr system
Proposed activity : the sigma phase

(i) The first part of this work is linked to recent experimental (TEM) observations by Oxford and Saclay groups on irradiation induced precipitation in very low range of Cr concentration in FeCr system. The corresponding EDS analysis shows that these precipitates contain up to 46 at.% Cr which in turn could be linked to the σ phase formation. We will be using DFT parallelized codes available at Culham (PLATO and VAST) to study the mechanism of transformation path ways from the bcc phase of FeCr alloys into the sigma phase. The structural sequences of transformation mechanism will be investigated energetically by two following steps: 1) Atomic displacements over small distance in the [111]bcc direction take place leading to the formation of new layer structure; 2) The transformation to the sigma phase is completed by rotation of alternative layers in the direction of [001]σ. 

(ii)  The second part of this task is linked to earlier experimental studies of radiation-induced precipitation in a neutron irradiated W-10at%Re alloy by Cornell group. We will be revisiting the mechanism of phase transformation in W alloys with small Re concentration in line of DFT prediction of the most stable configuration of SIA defect in bcc-W. Starting from the predicted <111> crowdion configuration for the SIA defects produced by the irradiation (and not from the <110> dumbbell one as previous experimental and modelling works assumed), the migration path way mechanism will be studied in order to understand the transformation of W crowdion into W-Re and Re-Re dumbbells on the (110) planes. The segregation into platelets is investigated in order to understand the σ phase precipitates observed under neutron irradiation. 

Proposed activity - MCE

In order to perform kinetic Monte Carlo simulations of Fe-Cr system based on the MCE Hamiltonian, a scheme to obtain the activation energies of migration processes has to be developed. The most straightforward way here, namely calculating the difference between the energy of the system at the top of the potential barrier and at the initial position, is currently unsuitable for high temperatures. The reason is the large fluctuations of the energy in the large simulation box which exceed the activation energy (of the order ≤ 1 eV). In the absence of this possibility to develop the MCE including vacancies and self interstitial atoms, the most promising and natural way seems to be the extension of application of the conventional CE to vacancy-mediated migration, developed by Van der Ven et al. [13,14]. They represented the migration energy (and the vacancy formation energy) as sums over clusters of atoms in the vicinity of the vacancy and migrating atom. The MCE expression for the migration energy in this case, apart from the configurational variables, has to include the magnetic moments of the atoms, similarly to the MCE Hamiltonian for perfect crystal. Two questions immediately arise:

1. Does the expression for the migration barrier have to include only the moments of atoms before and after the jump, or the moments at the top of the potential barrier are also necessary? 

2. Can the values of the moments obtained for the perfect crystal be used, or the change of the moments due to the presence of the vacancy has to be taken into account? 

Both these questions can only be answered if test Hamiltonians are constructed and several parameter sets are tested and compared with the results of DFT calculations of the barriers. Another important test which Hamiltonian should pass is the temperature dependence of the activation energy. There are several experimental data showing the change of slope of the self-diffusion and diffusion coefficients of solute atoms in iron at the Curie point [15,16]. The successful MCE Hamiltonian should describe this change in the kinetic Monte Carlo simulations. 

After the satisfactory Hamiltonian for vacancy-mediated diffusion will be obtained, the next step will be the MCE study of self-interstitial atoms behaviour. The situation here seems to be similar to the case of vacancy, but in fact, has substantial differences. Most importantly, the configurations before and after the jump are the configurations where some of the atoms are away from their ideal crystallographic positions. It means that the MCE Hamiltonian for ideal crystal cannot be applied to the system and the MCE treatment has to be developed for such configurations. In other respects, however, the treatment of interstitial-mediated diffusion in MCE seems to be similar to the vacancy case.

Parallel to the development of the MCE treatment of diffusion processes, the conventional CE treatment will be used. Recently, a comparison between several atomistic kMC techniques has shown [17] that even the simplest CE treatment, the broken bond approximation, can give reliable results compared to more sophisticated methods (model Fe-Cr potential and neural network approach). We intend to use the CE results as a fast and straightforward way of checking the MCE results. This will be done either in broken bond approximation CE, or, if necessary, more elaborated CE treatment will be developed.
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	WP10-MAT-REMEV-06-01/CCFE/BS
Plasticity and fracture
Recent modelling work indicates that the extreme elastic anisotropy of the iron crystal lattice at high temperatures (> 500°C) is intimately related to the precipitous fall in tensile strength observed in iron and steels at these temperatures. Our principal objective is a complete understanding of the nanometre-scale dislocation-based physics which gives rise to the severe weakening behaviour, via realistic three-dimensional computer simulations. The predictive modelling of the microstructure and mechanical properties which this will provide can be directly verified, by comparison with electron microscope observations, and mechanical testing experiments. The modelling we propose will involve large scale dislocation line dynamics simulations at high elastic anisotropy. This will include the investigation of collective phenomena such as pile-ups in three dimensions and junction formation. 

Much of the input to any DDD simulation is essentially speculative, since little information is available on the microscopic dynamic behaviour of dislocations, in particular their mobility, stochastic and dissipative properties. This is likely to be especially important at high temperatures, which is also the regime where the elastic anisotropy reaches its peak. The sensitivity to the parameters in the mobility rules will be investigated, and preliminary studies into the feasibility of including stochastic effects into the dynamics will be undertaken. This work is complementary to various other EFDA tasks involving finer-grained modelling and experimental observations. 
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	WP10-MAT-REMEV-04-01/CEA/BS
Multiscale modelling (DFT + AKMC) of interaction of Cr with He and effects of Cr-rich precipitates on the behaviour of He in BCC iron (BASIC SUPPORT)
The aim of this work is to investigate the atomic scale properties at the origin of how the presence of Cr may modify the energetic, mobility and clustering properties of He in iron. We have therefore performed ab initio studies on interaction of Cr atoms with He and helium-vacancy clusters in dilute FeCr alloys during 2008, then we investigate, in 2009, the dissolution, migration, and clustering with vacancies of He in bcc Cr, as well as interaction of He with low energy FeCr interfaces.

Following these studies, we plan to perform, during 2010-2011, ab initio calculations on migration of He and vacancies in FeCr model alloys with various local Cr concentrations. The obtained data will also be used to parametrize atomic kinetic monte carlo (AKMC) models in order to investigate microstructure evolution such as kinetics of α – α’ decomposition. We will also modify our AKMC code to account for various He and small He-vacancy cluster diffusion mechanisms in Fe with and without Cr. Finally we will explore the ability of AKMC approach to simulate the process of small He-vacancy nucleation as a function of Cr content in iron.
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	WP10-MAT-REMEV-04-02/CEA/PS
Multiscale modelling (DFT + AKMC) of interaction of Cr with He and effects of Cr-rich precipitates on the behaviour of He in bcc iron (PRIORITY SUPPORT)
The aim of this work is to investigate the atomic scale properties at the origin of how the presence of Cr may modify the energetic, mobility and clustering properties of He in iron. We have therefore performed ab initio studies on interaction of Cr atoms with He and helium-vacancy clusters in dilute FeCr alloys during 2008, then we investigate, in 2009, the dissolution, migration, and clustering with vacancies of He in bcc Cr, as well as interaction of He with low energy FeCr interfaces.

Following these studies, we plan to perform, during 2010-2011, ab initio calculations on migration of He and vacancies in FeCr model alloys with various local Cr concentrations. The obtained data will also be used to parametrize atomic kinetic monte carlo (AKMC) models in order to investigate microstructure evolution such as kinetics of α – α’ decomposition. We will also modify our AKMC code to account for various He and small He-vacancy cluster diffusion mechanisms in Fe with and without Cr. Finally we will explore the ability of AKMC approach to simulate the process of small He-vacancy nucleation as a function of Cr content in iron.
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	WP10-MAT-REMEV-04-03/CEA/BS
Ab-initio study of energetic and kinetic of segregation of He in grain boundaries in &#945;-iron (BASIC SUPPORT)
The objective of this task is to understand the mechanism of segregation of He atoms and of bubble/void formation in representative grain boundaries (GBs) from atomic scale modelling. In addition to pure iron, model dilute alloys such as carbon-doped iron will be considered as a first step towards ferritic steels. The resulting data will also be used as input data for mesoscopic kinetic modelling (in collaboration with Dr. Caturla within EFDA programme) in order to compare directly with experiments. 

To achieve this extensive goal a project, detailed ab initio and empirical potential simulations need to be performed. We performed previously, the study of the mobility of He atoms and vacancies and the properties of small helium-vacancy clusters as function of their composition in representative symmetric tilt grain boundaries (2008), and study of the role of impurities (e.g. carbon) on the behaviour of He in GBs (2009). We propose to continue this task in 2010 on the study of diffusion of He in presence of C close to GBs in compared with the case of He in Fe matrix.
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	WP10-MAT-REMEV-04-04/CEA/PS
Ab-initio study of energetic and kinetic of segregation of He in grain boundaries in &#945;-iron (PRIORITY SUPPORT)
The objective of this task is to understand the mechanism of segregation of He atoms and of bubble/void formation in representative grain boundaries (GBs) from atomic scale modelling. In addition to pure iron, model dilute alloys such as carbon-doped iron will be considered as a first step towards ferritic steels. The resulting data will also be used as input data for mesoscopic kinetic modelling (in collaboration with Dr. Caturla within EFDA programme) in order to compare directly with experiments.      

To achieve this extensive goal a project, detailed ab initio and empirical potential simulations need to be performed. We performed previously, the study of the mobility of He atoms and vacancies and the properties of small helium-vacancy clusters as function of their composition in representative symmetric tilt grain boundaries (2008), and study of the role of impurities (e.g. carbon) on the behaviour of He in GBs (2009). We propose to continue this task in 2010 on the study of diffusion of He in presence of C close to GBs in compared with the case of He in Fe matrix.
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	WP10-MAT-REMEV-05-01/CEA/BS
Development & validation of a First Passage kinetic Monte Carlo (FPKMC) method &#8211; application to Fe-Cr dilute alloys
The objective of this task is to implement and validate the First Passage kinetics Monte Carlo (FPkMC) event and to apply it to the simulation of the evolution of microstructure of fusion materials under irradiation.

To achieve this goal firstly we need to compare this new method with other well established event Monte-Carlo techniques in the case of radiation defects in pure metals. Secondly, we will test the ability of this new method to deal with alloys, starting with dilute alloys. The new method will be compared, for short time scales, with lattice Monte-Carlo results obtained in another EFDA task proposed by CEA-Saclay.

For 2010 we propose 2 deliverables:  

1) - Implementation / validation of the FPKMC method for Fe under irradiation and precipitation in dilute alloys: 

· JERK / FPKMC comparison ; Test of the efficiency

· FPKMC / experiment comparison (resistivity recovery)

· Implementation and validation of the FPKMC method for the precipitation in dilute alloy

· Comparison with the atomistic kinetic Monte Carlo (AKMC). 

2) Application / test of the FPKMC method for dilute Fe-Cr alloys. Comparison with the AKMC
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	WP10-MAT-REMEV-05-02/CEA/BS
A Coarse Grained Kinetic Code For Concentrated Alloys Under Irradiation
Until now, we miss an efficient kinetic method which is able to predict both kinds of flux coupling occurring in alloys under irradiation, the solute drag effect and the inverse Kirkendall effect. Although both couplings may induce different segregation profiles at point defect sinks like grain-boundaries, interfaces and dislocations. First one is associated to a solute enrichment at point defect sinks while the second one depends on the composition and the diffusion coefficient ratio between the atomic species. 

An Atomic Kinetic Monte Carlo (AKMC) method which starts from a detailed description of the point defect diffusion mechanism reproduces the whole flux couplings. However, Monte Carlo simulations of systems with large correlations between fluxes or with large inhomogeneities in point defect concentrations are limited by their CPU time consuming. 

Continuous methods like phase field methods produce complex microstructures including the ones with long range elastic interactions but the kinetic description, in particular the coupling between fluxes, is not precise enough to describe non-equilibrium systems like the ones under irradiation.

Recently a semi-quantitative phase field method was successfully derived from a microscopic master equation. The idea was to apply a partial ensemble averaging in order to follow the dynamics of grains of atoms instead of atoms. The resulting meso-scale master equation was then approximated by a Fokker Planck equation to yield a continuous Langevin equation for the phase field method. 

Our objective is to implement a Monte Carlo method to solve the meso-scale master equation directly. 

In opposition to a phase field method a discrete approach allows to simulate any kind of interface even the stiff ones. There is no limit in the grain size, it can decrease until the grain contains one atom only. The size can be adapted during the simulation if necessary. Although the present approach remains stochastic, it is expected to be more efficient than the AKMC method because a space coarsening automatically increases the integration time step and decreases the number of system variables. Transition frequencies between meso-scale configurations will be analysed as effective exchange frequencies between an atom and a point defect in two different grains. Frequencies will be approximated by a broken bond type model. The cohesive energy associated to a meso-scale configuration will be written as a sum of pair interactions between grains plus on-site grain energies. Our previous development of a Self-Consistent Mean Field (SCMF) theory to calculate the correlation effects associated to the vacancy and the interstitial diffusion mechanisms will be included in the effective point defect jump frequencies between grains. These correlation effects are crucial to predict the sign and the amount of flux coupling and the resulting irradiation induced segregation at point defect sinks. A first application of the coarse grained Monte Carlo method will be the simulation of an irradiation induced segregation at a grain-boundary.

Year 2010 will be devoted to the developpement of the energy model and the measurement of equilibrium properties of an alloy. We will measure the coarse grained energy parameters from direct Atomic Monte Carlo (AMC) simulations of a model alloy AB with vacancies as a function of temperature, composition and grain size. Parameters will be calculated by integration of the AMC equilibrium fluctuations on grains of a few lattice parameters.

In parallel, we will develop a mean field approach to estimate the coarse grained energy parameters especially in concentration domains where the alloy is not stable and AMC measurements not available.
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	WP10-MAT-REMEV-06-01/CEA/BS
In situ straining experiments in a transmission electron microscope (TEM) in Fe and Fe alloys (BASIC SUPPORT)
The ab-initio calculations of the mobility of dislocations in Fe and Fe alloys can be directly compared with in situ straining experiments in a transmission electron microscope (TEM). Conversely, in situ experiments can bring new information to be included in simulations

After the detailed understanding of the kinetics of dislocations in pure Fe (2008), FeC and FeP (2009), the objectives for 2010-2011 are the descriptions of further alloying effects, mainly that of Cr. We propose to investigate the role of different elements (C, P, Cr, alone or combined) on the kinetics of dislocations, from low temperature (100K) to the athermal temperature (i.e. the temperature at which the friction on screws becomes negligible, which can be room temperature or above). As in pure Fe, the results will be compared with the ab-initio calculations performed at CEA/Saclay (DMN), and with the mechanical properties available in the literature. The results will hopefully help to establish realistic rules for DDD calculations.

The detailed procedure is the following:

- Determine the geometry of the glide processes as a function of temperature and alloying (slip plane, amount of cross-slip, density of debris)

- Measure the kinetics of dislocations (instantaneous velocity, average velocity, waiting times etc.) as a function of character (screw/edge), local stress, and degree of alloying. Determine the corresponding activation parameters at the scale of individual dislocations.

- Deduce the density of kink-pair nucleation sites from the velocity of screw dislocations as a function of their length.

- Make a complete correlation with the mechanical properties. In particular, the origin of the shift of the discontinuity in the mechanical properties as a function of stress and temperature, observed upon alloying, should be elucidated. Indeed, this discontinuity is often interpreted as a change in the controlling mechanism that should be observed directly.

- In brief, propose a realistic dislocation behavior to be included in simulations.
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	WP10-MAT-REMEV-06-02/CEA/BS
In situ straining experiments in a transmission electron microscope (TEM) in Fe and Fe alloys (PRIORITY SUPPORT)

The ab-initio calculations of the mobility of dislocations in Fe and Fe alloys can be directly compared with in situ straining experiments in a transmission electron microscope (TEM). Conversely, in situ experiments can bring new information to be included in simulations

After the detailed understanding of the kinetics of dislocations in pure Fe (2008), FeC and FeP (2009), the objectives for 2010-2011 are the descriptions of further alloying effects, mainly that of Cr. We propose to investigate the role of different elements (C, P, Cr, alone or combined) on the kinetics of dislocations, from low temperature (100K) to the athermal temperature (i.e. the temperature at which the friction on screws becomes negligible, which can be room temperature or above). As in pure Fe, the results will be compared with the ab-initio calculations performed at CEA/Saclay (DMN), and with the mechanical properties available in the literature. The results will hopefully help to establish realistic rules for DDD calculations.

The detailed procedure is the following:

- Determine the geometry of the glide processes as a function of temperature and alloying (slip plane, amount of cross-slip, density of debris)

- Measure the kinetics of dislocations (instantaneous velocity, average velocity, waiting times etc.) as a function of character (screw/edge), local stress, and degree of alloying. Determine the corresponding activation parameters at the scale of individual dislocations.

- Deduce the density of kink-pair nucleation sites from the velocity of screw dislocations as a function of their length.

- Make a complete correlation with the mechanical properties. In particular, the origin of the shift of the discontinuity in the mechanical properties as a function of stress and temperature, observed upon alloying, should be elucidated. Indeed, this discontinuity is often interpreted as a change in the controlling mechanism that should be observed directly.

- In brief, propose a realistic dislocation behavior to be included in simulations.
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	WP10-MAT-REMEV-06-02/CEA/PS
In situ straining experiments in a transmission electron microscope (TEM) in Fe and Fe alloys (PRIORITY SUPPORT)
The ab-initio calculations of the mobility of dislocations in Fe and Fe alloys can be directly compared with in situ straining experiments in a transmission electron microscope (TEM). Conversely, in situ experiments can bring new information to be included in simulations

After the detailed understanding of the kinetics of dislocations in pure Fe (2008), FeC and FeP (2009), the objectives for 2010-2011 are the descriptions of further alloying effects, mainly that of Cr. We propose to investigate the role of different elements (C, P, Cr, alone or combined) on the kinetics of dislocations, from low temperature (100K) to the athermal temperature (i.e. the temperature at which the friction on screws becomes negligible, which can be room temperature or above). As in pure Fe, the results will be compared with the ab-initio calculations performed at CEA/Saclay (DMN), and with the mechanical properties available in the literature. The results will hopefully help to establish realistic rules for DDD calculations.

The detailed procedure is the following:

- Determine the geometry of the glide processes as a function of temperature and alloying (slip plane, amount of cross-slip, density of debris)

- Measure the kinetics of dislocations (instantaneous velocity, average velocity, waiting times etc.) as a function of character (screw/edge), local stress, and degree of alloying. Determine the corresponding activation parameters at the scale of individual dislocations.

- Deduce the density of kink-pair nucleation sites from the velocity of screw dislocations as a function of their length.

- Make a complete correlation with the mechanical properties. In particular, the origin of the shift of the discontinuity in the mechanical properties as a function of stress and temperature, observed upon alloying, should be elucidated. Indeed, this discontinuity is often interpreted as a change in the controlling mechanism that should be observed directly.

- In brief, propose a realistic dislocation behavior to be included in simulations.
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	WP10-MAT-REMEV-06-03/CEA/BS
Ab-Initio Investigation of <111> Screw Dislocations (BASIC SUPPORT)
The objective of this work is to provide in iron a quantitative description from first principles of <111> screw dislocations, which control the plastic deformation and hence the mechanical properties of iron-base materials. The work performed in 2006-2009 has allowed setting up the methodology for the construction of simulation cells appropriate for Density Functional Theory (DFT) calculations. In 2010, the first DFT results will be obtained on: Peierls stress; kink formation energies; and interaction between a substitutional impurity (Cr, He) and a straight dislocation. 

We propose working in two directions: the glide mechanism in pure iron and the effect of solutes on softening or hardening. The methodology steps are set up using empirical potentials, and the DFT applications are made with the SIESTA code. In 2010, for straight dislocations, we will investigate: (1) the effect of crystal orientation on the Peierls stress and glide plane in DFT; and (2) the core structure and Peierls potential of dislocations other than ½ <111> screw dislocations, i.e. <100> screw dislocations, ½ <111> edge or mixed dislocations (first with empirical potential, then with DFT for selected cases). 1n 2010 also, for kinked dislocations: (1) we will perform the DFT calculation of the kink formation enthalpy and (2) study using empirical potentials the kink formation in {211} planes (instead of {110}). 

The idea is to continue in 2011 in the following direction. For kinked dislocations: (1) we will set up the methodology applicable to DFT-type cells for calculating the kink formation enthalpy under external stress. For the effect of solutes on the glide mechanism, we will test - using empirical potential - the approximations and model proposed by D. Trinkle and C. Woodward (Science 310, 1665 (2005)) to predict this effect - which results from solute-kink interaction - from straight dislocation calculations. The most appropriate scheme will then be used for DFT applications.
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	WP10-MAT-REMEV-06-04/CEA/BS
Ab-Initio Investigation of <111> Screw Dislocations (PRIORITY SUPPORT)
The objective of this work is to provide in iron a quantitative description from first principles of <111> screw dislocations, which control the plastic deformation and hence the mechanical properties of iron-base materials. The work performed in 2006-2009 has allowed setting up the methodology for the construction of simulation cells appropriate for Density Functional Theory (DFT) calculations. In 2010, the first DFT results will be obtained on: Peierls stress; kink formation energies; and interaction between a substitutional impurity (Cr, He) and a straight dislocation. 

We propose working in two directions: the glide mechanism in pure iron and the effect of solutes on softening or hardening. The methodology steps are set up using empirical potentials, and the DFT applications are made with the SIESTA code. In 2010, for straight dislocations, we will investigate: (1) the effect of crystal orientation on the Peierls stress and glide plane in DFT; and (2) the core structure and Peierls potential of dislocations other than ½ <111> screw dislocations, i.e. <100> screw dislocations, ½ <111> edge or mixed dislocations (first with empirical potential, then with DFT for selected cases). 1n 2010 also, for kinked dislocations: (1) we will perform the DFT calculation of the kink formation enthalpy and (2) study using empirical potentials the kink formation in {211} planes (instead of {110}). 

The idea is to continue in 2011 in the following direction. For kinked dislocations: (1) we will set up the methodology applicable to DFT-type cells for calculating the kink formation enthalpy under external stress. For the effect of solutes on the glide mechanism, we will test - using empirical potential - the approximations and model proposed by D. Trinkle and C. Woodward (Science 310, 1665 (2005)) to predict this effect - which results from solute-kink interaction - from straight dislocation calculations. The most appropriate scheme will then be used for DFT applications.
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	WP10-MAT-REMEV-06-04/CEA/PS
Ab-Initio Investigation of <111> Screw Dislocations (PRIORITY SUPPORT)
The objective of this work is to provide in iron a quantitative description from first principles of <111> screw dislocations, which control the plastic deformation and hence the mechanical properties of iron-base materials. The work performed in 2006-2009 has allowed setting up the methodology for the construction of simulation cells appropriate for Density Functional Theory (DFT) calculations. In 2010, the first DFT results will be obtained on: Peierls stress; kink formation energies; and interaction between a substitutional impurity (Cr, He) and a straight dislocation. 

We propose working in two directions: the glide mechanism in pure iron and the effect of solutes on softening or hardening. The methodology steps are set up using empirical potentials, and the DFT applications are made with the SIESTA code. In 2010, for straight dislocations, we will investigate: (1) the effect of crystal orientation on the Peierls stress and glide plane in DFT; and (2) the core structure and Peierls potential of dislocations other than ½ <111> screw dislocations, i.e. <100> screw dislocations, ½ <111> edge or mixed dislocations (first with empirical potential, then with DFT for selected cases). 1n 2010 also, for kinked dislocations: (1) we will perform the DFT calculation of the kink formation enthalpy and (2) study using empirical potentials the kink formation in {211} planes (instead of {110}). 

The idea is to continue in 2011 in the following direction. For kinked dislocations: (1) we will set up the methodology applicable to DFT-type cells for calculating the kink formation enthalpy under external stress. For the effect of solutes on the glide mechanism, we will test - using empirical potential - the approximations and model proposed by D. Trinkle and C. Woodward (Science 310, 1665 (2005)) to predict this effect - which results from solute-kink interaction - from straight dislocation calculations. The most appropriate scheme will then be used for DFT applications.
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	WP10-MAT-REMEV-06-05/CEA/BS
Development of dislocation dynamics simulations for the treatment of plasticity in BCC metals as a function of temperature in a new nodal code (NUMODIS)
Mastering the mechanical properties of the bcc alloys retained for structural applications in fusion reactors is essential to obtain a reliable prediction of their integrity under fusion relevant conditions. Several studies show that temperature plays a significant role for the plasticity of these alloys. This role is twofold. On one side, the thermally activated mobility of screw dislocations is the controlling mechanism for plasticity at low temperature (including room temperature) and for the Ductile to Brittle Transition Temperature (DBTT). On the other side, a recent studies demonstrate that the temperature dependence of elastic stiffness parameters has a strong influence on the plasticity of bcc iron near the a – g transition at high temperature under both unirradiated and irradiated conditions [Dudarev 2008].

Several attempts to model the plastic deformation in bcc iron at low temperature have been undertaken in the past few years using dislocation dynamics simulations.Various mobility laws for screw dislocations have been implemented based on the nucleation of isolated kink pair using activation energies fitted on macroscopic experimental data. These mobility laws nevertheless break down at intermediate temperatures where many kink pairs may nucleate simultaneously along a single screw dislocation. Acknowledging this problem, a new mobility law has been developed for bcc iron within the EFDA project based on a model proposed by Hirth and Lothe [Hirth 1992]. As a first step, this mobility law was implemented in an edge-screw dislocation dynamics code. Although extremely versatile, this serial code is not well suited to handle a large number of dislocations. In this new task, this law will therefore be implemented in a new nodal code NUMODIS developed by Grenoble INP and CEA. This task will be performed in close connexion, within this work programme, with experiments (TEM with D. Caillard, CEMES) and atomistic calculations (ab initio and MD calculations with L. Ventelon and F. Willaime, CEA).

In the second part of this task , Green’s function formalism will be introduced in NUMODIS to describe the anisotropic elasticity typical of high temperature behaviour of a – iron and ferritic / martensitic steels. Following earlier studies [Fitzgerald 2008], particular attention will be paid on the temperature dependence of the stiffness constant c’, which has a strong effect on self-energies of dislocations and on the stability of irradiation loops. In this task, elastic anisotropy will first be implemented in the nodal code NUMODIS in collaboration with M. Fivel (Grenoble INP). Several benchmarks will be performed in collaboration with another nodal code developed by S. Fitzgerald et al (EURATOM/CCFE). In a second part, we will study the effect of temperature on the dislocation microstructure and related mechanical properties of a – iron.
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	WP10-MAT-REMEV-07-01/CEA/BS
Modelling of dislocation climb for thermal creep and creep under irradiation
So as to be able to study creep, a dislocation climb model will be incorporated in the DD code aNumoDis developed by CEA Saclay and Grenoble INP. In a first step, only thermal creep associated with climb by vacancy diffusion will be addressed. The possible relevant contributions to the climb process of vacancy pipe-diffusion and vacancy-jog interaction will be considered. 

1) DD simulations of the coarsening of vacancy loops
- implementation of a climb model in DD simulations

- simulations of the coarsening of vacancy prismatic dislocation loops

- comparison of DD simulations with analytical models (H. Kirchner, Size Distribution of Dislocation Loops, Acta Metall. 21, 85 (1973); B. Burton and M. V. Speight, The Coarsening and Annihilation Kinetics of Dislocation Loop, Philos. Mag. A 53, 385 (1986).).

2) DD simulations of the climb contribution to the particle bypass
DD simulations considering the interaction between a dislocation and non-shearable particles will be performed. Dislocation climb will be considered so as to see how it affects the mechanisms by which dislocations bypass particles.
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	WP10-MAT-REMEV-08-01/CEA/BS
Dual-beam irradiation&TEM characterisation of ion irradiated FeCr model alloys 

The work can be decomposed into 2 parts:
1 -Quantification of the ion irradiation-induced heating in ferritic materials
The quantification on the heating generated during the sample irradiation by the ion flux will be performed within the triple-chamber of the plateform Jannus on a commercial Fe sample (99.99wt. %) with a infrared pyrometer. We planned to irradiate using 2 types of ion (C and Fe), various energies and flux and increasing temperatures from 200 to 550°C. 

2- TEM characterisation of mono-beam irradiated Fe and FeCr alloys
Samples to be studied: Fe-3 wtppm C, Fe-50wtppm C, Fe-5wt%Cr, Fe-10wt% Cr, Fe-14wt% Cr

Irradiation conditions : In situ and ex situ experiments at Jannus-CEA and Jannus-Orsay under mono beam. The irradiation conditions - temperature, damage rate or doses - will be optimized in order to obtain a visible damage by TEM allowing a quantitative study of the irradiation induced damage (dislocation loops, cavity). The effect of the surface will be obtained by comparing results obtained in-situ and ex-situ under the same irradiation conditions.

Experimental characterization of the ion irradiated specimen : 
- Conventional TEM to determine the density and the size distribution of the irradiation-induced damage on a wide range of materials irradiated under various conditions to provide an extensive range of experimental data for modelling validation. 

- FEGSTEM quantification of the eventual irradiation-induced Cr- enrichment or depletion at the grain boundary in the ion-irradiated FeCr alloys. 

Experimental Facilities:
- Irradiation within the Jannus facility: In situ TEM irradiation at Jannus-Orsay and ex-situ irradiation at Jannus-CEA.

- Conventional TEM (Philips CM20) and/or Analytical TEM (Jeol 2010- FEG
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	WP10-MAT-REMEV-08-02/CEA/PS
Open access to the JANNUS multi-ion beam facility for EFDA MAT-REMEV project
The access to JANNUS, a multi-ion beam facility situated at CEA/Saclay, was opened in July 2009 to all European fusion community researchers. The period of first call for proposals will finish in May 2010. The second call for proposals are now considered till October 2009. Accepted proposals can start work in May 2010, after the end of first call for proposals.

This task has two parts. 

The first part consists of hosting European researchers at JANNUS facility to perform their experiments during an agreed beam time schedule.


The equivalent mono/dual/triple beam time corresponds to 120 hours for 2010 including ODS, W ALLOYS and SiC/SiC programs
The second part consists of validating He OKMC modelling technique via He desorption spectrometry.
	CEA
	0.00
	0.00
	0.75
	160.00

	
	WP10-MAT-REMEV-04-01/CIEMAT/BS
He & H and damage accumulation
- Objectives:
The objective of this task is to continue with the work performed during the 2008-2009 period to develop an OKMC model that includes the effect of grain boundaries on defect diffusion and accumulation, using information from ab initio calculations. At the same time, the OKMC is being extended to include the effect of alloying elements such as Cr. 

- How they will be performed:
 The OKMC model can now account for the presence of a single grain boundary that can trap or release vacancies, self-interstitials and He atoms. Diffusion of these defects along the grain boundary is also allowed, as well as clustering and recombination between defects within the grain boundary. Therefore, the formation of bubbles and voids at the grain boundary can be studied for different conditions of temperature, irradiation dose or He content. Using this model, we will first study the formation of voids and bubbles in the bulk vs. those formed at grain boundaries, as well as the nature of those defects (size and He to vacancy ratio) as a function of temperature for a given irradiation dose and He concentration. We will also make the first comparison with experimental data of Fe and FeCr alloys of EFDA, both thin films and bulk materials, irradiated with dual beams (Fe and He) at room temperature and studied by TEM. The experimental results are those proposed by the group of CRPP-EPFL for task (viii) of the EFDA MAT-REMEV 2010 Workprogramme. We will focus first on pure Fe and Fe-C alloys. The development of the OKMC model for FeCr alloys in the high concentration of Cr regime is on the way, and will continue also during the 2010 program. 

- Test Facilities used:
 The computers existing at the UA will be used for this work. We currently have two Beowulf clusters, with a total of 77 CPUs. 

The work will be done in collaboration with Enrique Martínez from IMDEA Materials in Madrid
	CIEMAT
	0.10
	0.00
	0.00
	0.00

	
	WP10-MAT-REMEV-04-01/CIEMAT/PS
He & H and damage accumulation
- Objectives:
The objective of this task is to continue with the work performed during the 2008-2009 period to develop an OKMC model that includes the effect of grain boundaries on defect diffusion and accumulation, using information from ab initio calculations. At the same time, the OKMC is being extended to include the effect of alloying elements such as Cr. 

- How they will be performed:
 The OKMC model can now account for the presence of a single grain boundary that can trap or release vacancies, self-interstitials and He atoms. Diffusion of these defects along the grain boundary is also allowed, as well as clustering and recombination between defects within the grain boundary. Therefore, the formation of bubbles and voids at the grain boundary can be studied for different conditions of temperature, irradiation dose or He content. Using this model, we will first study the formation of voids and bubbles in the bulk vs. those formed at grain boundaries, as well as the nature of those defects (size and He to vacancy ratio) as a function of temperature for a given irradiation dose and He concentration. We will also make the first comparison with experimental data of Fe and FeCr alloys of EFDA, both thin films and bulk materials, irradiated with dual beams (Fe and He) at room temperature and studied by TEM. The experimental results are those proposed by the group of CRPP-EPFL for task (viii) of the EFDA MAT-REMEV 2010 Workprogramme. We will focus first on pure Fe and Fe-C alloys. The development of the OKMC model for FeCr alloys in the high concentration of Cr regime is on the way, and will continue also during the 2010 program. 

- Test Facilities used:
 The computers existing at the UA will be used for this work. We currently have two Beowulf clusters, with a total of 77 CPUs. 

The work will be done in collaboration with Enrique Martínez from IMDEA Materials in Madrid
	CIEMAT
	0.00
	0.00
	0.40
	0.00

	
	WP10-MAT-REMEV-06-01/CIEMAT/BS
Plasticity and fracture
OBJECTIVE (vi) Plasticity and Fracture

Objective:

MD simulations: (i) hardening due to radiation induced defect clusters and (ii) effects of carbon on the mobility of dislocation loops and vacancy clusters.

Milestones:

Reaction mechanisms of ½<111> screw dislocation with ½ <111> &<100> dislocation loops. Interaction of ½ <111> screw dislocation with Cr precipitates. Effects of C on the energy & mobility of V & SIA clusters.

Deliverables (12/2010):

Report on (i) interaction of ½<111> with dislocation loops and Cr precipitates and (ii) effect of C on the mobility of vacancies and SIA clusters.

-- Justification and previous experiences in this area by CIEMAT/UPM 

Defect energetics in FeCr from empirical interatomic potentials

During last years we have achieved a great experience in FeCr system. 

The work we have performed can be divided in two parts

1- Firstly we have implemented two different FeCr empirical potentials in the MDCASK code and we have performed a comparative study between these two potentials. The potentials used in this study are:        

a. A potential based on a two-band model (2BM)1

b. And a potential constructed as a concentration dependent model (CDM)2 

We have calculated vacancy and interstitials formation energies in pure bcc Cr and in pure bcc Fe. Both potentials use the same Fe-Fe and Cr-Cr potentials. As a consequence of this, the energies for Fe-Fe interstitials in pure bcc Fe and energies for Cr-Cr interstitials in pure bcc Cr are the same for the two potentials. Differences can be observed in Fe-Cr and Cr-Cr interstitials in pure bcc Fe. 

Fe-Cr interstitials are more stable than Fe-Fe and Cr-Cr interstitials for both potentials. 

Octahedral and Tetrahedral configurations are stabilized with respect to the <111> dumbbell in contrast with DFT results for Fe-Cr interstitials.

2BM reproduces the same order of stability than DFT calculations for Cr-Cr but Cr interstitials are more stable than the Fe-Fe ones. In contrast, the CDM potential predicts the correct ordering for the different <110> dumbbells but it does not reproduce the stabilities of the <111> and <100> interstitials. 

This work has been submitted to be published.                                        

2- Once we have tested the FeCr potentials we have performed a study of vacancy formation energy dependence on Cr concentration. In this study we have used the CDM potential. We have performed calculations of vacancy formation energies for concentrations from 1 up to 17% and for each concentration we have performed calculations for four different Cr distributions. Results show that vacancy formation energy increases only when Cr atoms are introduced at 1 or 2 nearest neighbours positions. 

We are preparing a manuscript with this work.

Nowadays we are performing a study of vacancy cluster formation and binding energy dependence on Cr concentration. We are studying four different concentrations (1, 5, 10 and 15%) for the 2BM and the CDM potentials and clusters from 1 to 5. Also, we will repeat all these calculations using four different Cr distributions. 

Next work planned to do is the study of interstitial and interstitial clusters formation and binding energy dependence on Cr concentration.

A preliminary contact has been established with A. Caro related with potential FeCrC that could be also compared with other European initiatives already ongoing and such calculations could cover the section related to effect of C in this objective.

1P. Olsson, J. Wallenius, C. Domain, K. Nordlund, L. Malerba, Phys. Rev. B 72 (2005) 214119

2a) A. Caro, D. A. Crowson, M. Caro, Phys. Rev. Lett. 95 (2005) 075702

b) H. Dogo, ‘Point defect properties in iron chromium alloys’, Master degree of Science in Applied Physics. Naval Postgraduate School, Monterey, California (2006)
	CIEMAT
	2.00
	0.00
	0.00
	0.00

	
	WP10-MAT-REMEV-08-01/CIEMAT/BS
Experiments: development & user's facilities
TEM characterisation of Fe and FeCr alloys under self ion irradiation and He implantation.

1.Irradiation of FeCr binary alloys with Fe ions and TEM characterisation of damage microstructure.
 2.Irradiation of FeCr binary alloys with He ions and TEM characterization of the induced microstructure
Observation of evolution of microstructure under in-situ TEM annealing after self ion irradiation and after He implantation
Objectives:
To establish the evolution of the induced microstructure in Fe-Cr alloys after self ion irradiation and after He implantation, as a function of the Cr content, irradiation temperature and dose.
How they will be performed:
EFDA FeCr model alloys will be considered. Thin foils of these materials will be produced and irradiated in an ion implanter under different conditions of temperature and dose. Postirradiation and in-situ annealing TEM observations will be performed at TEM facilities available at CIEMAT.
Test Facilities used:
TEM and in-situ TEM annealing sample-holder at CIEMAT
	CIEMAT
	1.00
	16.00
	0.00
	0.00

	
	WP10-MAT-REMEV-08-02/CIEMAT/PS
Experiments: development & user's facilities
- Work Breakdown:

(i) Electrical resistivity measurements at cryogenic temperature on Fe-Cr sample of ~100 micrometers thickness,

 (ii) First elements of feasibility study on specimens of a few micrometers thickness,

 (iii) First Investigations of resistivity recovery of cold-worked high purity irradiated specimens for comparison.

- Description:

 (i) After the problems found during 2009 year for the construction of irradiation cryostat, the final set-up for measurements of resistivity will include a new cryostat able to work at liquid N2 or He temperature and an optimized sample holder. With the present design some test will be done for evaluating the effects of measuring wires soldering (possible effects on local microstructure). 

Two sets of samples will be prepared, the first by mechanical polishing and the second adding a final stage of electro-polishing, in order to study the possible effect of preparation route on electrical resistivity. Irradiations will be done using the proton accelerator at CMAM (Madrid Autónoma University) at energies below 10 MeV.

 (ii) An extension of this technique will be provided as a feasibility study on specimens of only a few micrometers thickness. The basic cryostat and manipulation should be completely different. The main option will be based on techniques nowadays available using FIB and TEM accessories. 

(iii) Cold work effects on resistivity could be added at the end of the year in some cases. The main problem is that no laboratory has been found at the moment able to perform a valid cold rolling of these samples (with  these sizes and compositions).

  Priority Support is requested for 0.25 ppy task activity. Other part of the task has been presented in a BS support proposal.
	CIEMAT
	0.00
	0.00
	0.25
	0.00

	
	WP10-MAT-REMEV-08-04/CIEMAT/BS
Experiments: development & user's facilities

 Work Breakdown: 

(i) Electrical resistivity measurements at cryogenic temperature on Fe-Cr sample of ~100 micrometers thickness,

 (ii) First elements of feasibility study on specimens of a few micrometers thickness,

 (iii) First Investigations of resistivity recovery of cold-worked high purity irradiated specimens for comparison.

- Description:

 (i) After the problems found during 2009 year for the construction of irradiation cryostat, the final set-up for measurements of resistivity will include a new cryostat able to work at liquid N2 or He temperature and an optimized sample holder. With the present design some test will be done for evaluating the effects of measuring wires soldering (possible effects on local microstructure). 

Two sets of samples will be prepared, the first by mechanical polishing and the second adding a final stage of electro-polishing, in order to study the possible effect of preparation route on electrical resistivity. Irradiations will be done using the proton accelerator at CMAM (Madrid Autónoma University) at energies below 10 MeV.

 (ii) An extension of this technique will be provided as a feasibility study on specimens of only a few micrometers thickness. The basic cryostat and manipulation should be completely different. The main option will be based on techniques nowadays available using FIB and TEM accessories. 

(iii) Cold work effects on resistivity could be added at the end of the year in some cases. The main problem is that no laboratory has been found at the moment able to perform a valid cold rolling of these samples (with  these sizes and compositions).

 Note:  Priority Support will be requested for 0.2 ppy task activity in another proposal.
	CIEMAT
	0.60
	23.00
	0.00
	0.00

	
	WP10-MAT-REMEV-08-05/CIEMAT/BS
Experiments: development & user's facilities

He-diffusion mechanisms validation: thermal He-desorption spectroscopy.

The deliverable will provide a validation of the present techniques used for modeling the diffusion mechanisms of He in Fe. Experiments will also be performed in Fe-Cr model alloys. The validation will be made by comparing the modeling results with experimental data obtained by permeation, desorption and possibly by ERDA measurements in samples implanted (H and/or He) or loaded (with H or He) under pressure. 

The work will be developed under collaboration between CIEMAT, UPV (University of the Basque Country) and UA (University of Alicante). 

- How they will be performed:
The experimental conditions to be used will be determined by the results of simulations with the existing Fe-He-C model. In particular, simulations will be performed to define the optimal values of temperature, and irradiation dose and energy, including single beam (He) and dual beam (He + Fe). Simulations will be performed considering different carbon contents, including those in the samples purchased by EFDA for Fe and FeC. The influence of sample depth, homogeneous implantation vs. single energy implant and dislocation density will also be evaluated. This work will be performed by the University of Alicante (Dr. M. J. Caturla) in collaboration with the groups in charge of the experimental work in order to perfectly match the experimental capabilities and possibilities to the specific objectives in modelling. The conclusions of this assessment will be presented in a report.

Different experimental techniques will be used to test the He and H migration mechanisms through precisely metallurgical controlled specimens of pure Fe and Fe with controlled contents of C, P, and Cr and with its density and morphology of microstructural defects well described.

1. Permeation Technique (1st stage). The principle of measurement: gas migration study through a thin membrane of the material from high pressure gas atmosphere to low pressure region in initial vacuum conditions.

The study of the species migration is based on pressure evolution measurement. This gas evolution technique has been used up to now and will be used during the first three month period of 2010 as a preliminary and prospective method in order to study H and He migration through as received specimens.

In this stage two phases are defined. During the first one, to be completely developed during the first three month period of 2010, three different grades will be characterized. The obtained experimental results will be analyzed using modelling tools. As a function of the obtained conclusions from this comparison, the second one, to be developed during 2010, will include the complete analysis of three of the available materials.

2. Absorption-Desorption Technique (2nd stage). The principle of measurement: gas migration study within defined geometry bulk of material by controlling gas desorption from previously loaded specimens (by gas absorption or implantation).

At the moment, this technique bases the monitoring of desorption on the measurement of pressure evolution by means of two different capacitance manometers (Baratron). This technique will be used with at least one of the specimens to test its viability.

3. Programmed Thermal Desorption Spectroscopy (3rd stage). The previous experimental technique is very useful to test He desorption from implanted specimens. However, it would have some limitations based on the fact that the pressure measurements achieved by the capacitance manometers may not reach the required precision, and a limitation in the maximum achievable temperature.

In order to overcome these limitations, the design of a new experimental facility (recognized as for Priority Support) has been developed on the basis of a high precision mass spectrometer that shares the same ultra-high vacuum chamber as the isochronal heated-up irradiated specimen. The design and experimental capacities of this facility has taken into account the modelling requirements. This new facility will be in operation during the second three month period of 2010, so that measurements with at least two implanted specimens will be carried out.

4. An important effort will also de done at CIEMAT with the help of UA to develop the rate-theory model able to predict the desorption rate at least for Fe with very low concentrations of Cr. From this model we should be able to find suitable implantation conditions.

The implantation studies to be carried out during this work will be made with two different objectives: i) to introduce H or He ions in the material  with a defined profile, or ii) to introduce He and simultaneously a controlled amount of defects.

For the implantations of the first type, ion implanters and accelerators presently available to CIEMAT will be used. For implantations of the second type, to be developed mainly during the later stages of the project, the dual beam irradiation facility JANNUS will be needed.

The modelling effort will continue through the duration of the project. The predictions will be compared with the experimental measurements, evaluating the possible sources of discrepancies. The experimental programme will be continuously updated taking into account the results obtained from these comparisons.

- Test Facilities used:
1. Permeation Technique (in operation)

2. Absorption-Desorption Technique (in operation)

3. Programmed Thermal Desorption Spectroscopy (already designed, in construction)

4. Implantation facilities at CIEMAT (in operation)

5. Implantation facilities at CMAM (in operation)

6. Implantation facilities at JANNUS (in operation)

-Deliverables:

Report with experimental preliminary results for H and He obtained with as received specimens with the Permeation technique and its comparison with the modeling results for the Fe-He-C system.

Report with experimental results for H and He obtained with as received specimens with the Absorption-Desorption / Permeation / Programmed Thermal Desorption Spectroscopy techniques and its comparison with the modeling results for the Fe-He-C system.

** NOTE: Priority support is requested only for permeation/desorption experiments in another proposal.
	CIEMAT
	1.35
	0.00
	0.00
	0.00

	
	WP10-MAT-REMEV-08-06/CIEMAT/BS
Experiments: development & user's facilities

He-diffusion mechanisms validation: thermal He-desorption spectroscopy.

The deliverable will provide a validation of the present techniques used for modeling the diffusion mechanisms of He in Fe. Experiments will also be performed in Fe-Cr model alloys. The validation will be made by comparing the modeling results with experimental data obtained by permeation, desorption and possibly by ERDA measurements in samples implanted (H and/or He) or loaded (with H or He) under pressure. 

The work will be developed under collaboration between CIEMAT, UPV (University of the Basque Country) and UA (University of Alicante). 

- How they will be performed:
The experimental conditions to be used will be determined by the results of simulations with the existing Fe-He-C model. In particular, simulations will be performed to define the optimal values of temperature, and irradiation dose and energy, including single beam (He) and dual beam (He + Fe). Simulations will be performed considering different carbon contents, including those in the samples purchased by EFDA for Fe and FeC. The influence of sample depth, homogeneous implantation vs. single energy implant and dislocation density will also be evaluated. This work will be performed by the University of Alicante (Dr. M. J. Caturla) in collaboration with the groups in charge of the experimental work in order to perfectly match the experimental capabilities and possibilities to the specific objectives in modelling. The conclusions of this assessment will be presented in a report.

Different experimental techniques will be used to test the He and H migration mechanisms through precisely metallurgical controlled specimens of pure Fe and Fe with controlled contents of C, P, and Cr and with its density and morphology of microstructural defects well described.

1. Permeation Technique (1st stage). The principle of measurement: gas migration study through a thin membrane of the material from high pressure gas atmosphere to low pressure region in initial vacuum conditions.

The study of the species migration is based on pressure evolution measurement. This gas evolution technique has been used up to now and will be used during the first three month period of 2010 as a preliminary and prospective method in order to study H and He migration through as received specimens.

In this stage two phases are defined. During the first one, to be completely developed during the first three month period of 2010, three different grades will be characterized. The obtained experimental results will be analyzed using modelling tools. As a function of the obtained conclusions from this comparison, the second one, to be developed during 2010, will include the complete analysis of three of the available materials.

2. Absorption-Desorption Technique (2nd stage). The principle of measurement: gas migration study within defined geometry bulk of material by controlling gas desorption from previously loaded specimens (by gas absorption or implantation).

At the moment, this technique bases the monitoring of desorption on the measurement of pressure evolution by means of two different capacitance manometers (Baratron). This technique will be used with at least one of the specimens to test its viability.

3. Programmed Thermal Desorption Spectroscopy (3rd stage). The previous experimental technique is very useful to test He desorption from implanted specimens. However, it would have some limitations based on the fact that the pressure measurements achieved by the capacitance manometers may not reach the required precision, and a limitation in the maximum achievable temperature.

In order to overcome these limitations, the design of a new experimental facility (recognized as for Priority Support) has been developed on the basis of a high precision mass spectrometer that shares the same ultra-high vacuum chamber as the isochronal heated-up irradiated specimen. The design and experimental capacities of this facility has taken into account the modelling requirements. This new facility will be in operation during the second three month period of 2010, so that measurements with at least two implanted specimens will be carried out.

4. An important effort will also de done at CIEMAT with the help of UA to develop the rate-theory model able to predict the desorption rate at least for Fe with very low concentrations of Cr. From this model we should be able to find suitable implantation conditions.

The implantation studies to be carried out during this work will be made with two different objectives: i) to introduce H or He ions in the material  with a defined profile, or ii) to introduce He and simultaneously a controlled amount of defects.

For the implantations of the first type, ion implanters and accelerators presently available to CIEMAT will be used. For implantations of the second type, to be developed mainly during the later stages of the project, the dual beam irradiation facility JANNUS will be needed.

The modelling effort will continue through the duration of the project. The predictions will be compared with the experimental measurements, evaluating the possible sources of discrepancies. The experimental programme will be continuously updated taking into account the results obtained from these comparisons.

- Test Facilities used:
1. Permeation Technique (in operation)

2. Absorption-Desorption Technique (in operation)

3. Programmed Thermal Desorption Spectroscopy (already designed, in construction)

4. Implantation facilities at CIEMAT (in operation)

5. Implantation facilities at CMAM (in operation)

6. Implantation facilities at JANNUS (in operation)

-Deliverables:

Report with experimental preliminary results for H and He obtained with as received specimens with the Permeation technique and its comparison with the modeling results for the Fe-He-C system.

Report with experimental results for H and He obtained with as received specimens with the Absorption-Desorption / Permeation / Programmed Thermal Desorption Spectroscopy techniques and its comparison with the modeling results for the Fe-He-C system.

*** NOTE: Baseline support is requested  in another proposal including mmanpower.
	CIEMAT
	0.00
	170.00
	0.00
	0.00

	
	WP10-MAT-REMEV-08-06/CIEMAT/PS
Experiments: development & user's facilities

He-diffusion mechanisms validation: thermal He-desorption spectroscopy.

The deliverable will provide a validation of the present techniques used for modeling the diffusion mechanisms of He in Fe. Experiments will also be performed in Fe-Cr model alloys. The validation will be made by comparing the modeling results with experimental data obtained by permeation, desorption and possibly by ERDA measurements in samples implanted (H and/or He) or loaded (with H or He) under pressure. 

The work will be developed under collaboration between CIEMAT, UPV (University of the Basque Country) and UA (University of Alicante). 

- How they will be performed:
The experimental conditions to be used will be determined by the results of simulations with the existing Fe-He-C model. In particular, simulations will be performed to define the optimal values of temperature, and irradiation dose and energy, including single beam (He) and dual beam (He + Fe). Simulations will be performed considering different carbon contents, including those in the samples purchased by EFDA for Fe and FeC. The influence of sample depth, homogeneous implantation vs. single energy implant and dislocation density will also be evaluated. This work will be performed by the University of Alicante (Dr. M. J. Caturla) in collaboration with the groups in charge of the experimental work in order to perfectly match the experimental capabilities and possibilities to the specific objectives in modelling. The conclusions of this assessment will be presented in a report.

Different experimental techniques will be used to test the He and H migration mechanisms through precisely metallurgical controlled specimens of pure Fe and Fe with controlled contents of C, P, and Cr and with its density and morphology of microstructural defects well described.

1. Permeation Technique (1st stage). The principle of measurement: gas migration study through a thin membrane of the material from high pressure gas atmosphere to low pressure region in initial vacuum conditions.

The study of the species migration is based on pressure evolution measurement. This gas evolution technique has been used up to now and will be used during the first three month period of 2010 as a preliminary and prospective method in order to study H and He migration through as received specimens.

In this stage two phases are defined. During the first one, to be completely developed during the first three month period of 2010, three different grades will be characterized. The obtained experimental results will be analyzed using modelling tools. As a function of the obtained conclusions from this comparison, the second one, to be developed during 2010, will include the complete analysis of three of the available materials.

2. Absorption-Desorption Technique (2nd stage). The principle of measurement: gas migration study within defined geometry bulk of material by controlling gas desorption from previously loaded specimens (by gas absorption or implantation).

At the moment, this technique bases the monitoring of desorption on the measurement of pressure evolution by means of two different capacitance manometers (Baratron). This technique will be used with at least one of the specimens to test its viability.

3. Programmed Thermal Desorption Spectroscopy (3rd stage). The previous experimental technique is very useful to test He desorption from implanted specimens. However, it would have some limitations based on the fact that the pressure measurements achieved by the capacitance manometers may not reach the required precision, and a limitation in the maximum achievable temperature.

In order to overcome these limitations, the design of a new experimental facility (recognized as for Priority Support) has been developed on the basis of a high precision mass spectrometer that shares the same ultra-high vacuum chamber as the isochronal heated-up irradiated specimen. The design and experimental capacities of this facility has taken into account the modelling requirements. This new facility will be in operation during the second three month period of 2010, so that measurements with at least two implanted specimens will be carried out.

4. An important effort will also de done at CIEMAT with the help of UA to develop the rate-theory model able to predict the desorption rate at least for Fe with very low concentrations of Cr. From this model we should be able to find suitable implantation conditions.

The implantation studies to be carried out during this work will be made with two different objectives: i) to introduce H or He ions in the material with a defined profile, or ii) to introduce He and simultaneously a controlled amount of defects.

For the implantations of the first type, ion implanters and accelerators presently available to CIEMAT will be used. For implantations of the second type, to be developed mainly during the later stages of the project, the dual beam irradiation facility JANNUS will be needed.

The modelling effort will continue through the duration of the project. The predictions will be compared with the experimental measurements, evaluating the possible sources of discrepancies. The experimental programme will be continuously updated taking into account the results obtained from these comparisons.

- Test Facilities used:
1. Permeation Technique (in operation)

2. Absorption-Desorption Technique (in operation)

3. Programmed Thermal Desorption Spectroscopy (already designed, in construction)

4. Implantation facilities at CIEMAT (in operation)

5. Implantation facilities at CMAM (in operation)

6. Implantation facilities at JANNUS (in operation)

-Deliverables:

Report with experimental preliminary results for H and He obtained with as received specimens with the Permeation technique and its comparison with the modeling results for the Fe-He-C system.

Report with experimental results for H and He obtained with as received specimens with the Absorption-Desorption / Permeation / Programmed Thermal Desorption Spectroscopy techniques and its comparison with the modeling results for the Fe-He-C system.

*** NOTE: Baseline support is requested  in another proposal including mmanpower.
	CIEMAT
	0.00
	0.00
	0.50
	10.00

	
	WP10-MAT-REMEV-01-01/Greece/BS
Magnetic properties measurements
· Lattice constant variation of Fe-Cr alloys at cryogenic temperatures from 70 to 300 K 

· Small Angle Neutron Scattering (SANS) measurements on agglomeration phenomena after high temperature heat treatments on Fe-Cr alloys

·  Cr agglomeration phenomena on Fe-Cr heat treated samples studied by Mössbauer measurements
	Hellenic Republic
	1.50
	70.50
	0.00
	0.00

	
	WP10-MAT-REMEV-08-01/Greece/BS
Radiation damage studies on Fe and Fe-Cr alloys by electrical resistivity measurements

· Development of very fast temperature control at cryogenic temperatures for proton irradiation at cryogenic temperatures 

· Development of a heating cycle for the measurement of recovery curve after proton irradiation 

·  Development of sample preparation methodology for the production 100 micrometers defect free samples for electrical resistivity measurements
	Hellenic Republic
	1.50
	72.50
	0.00
	0.00

	
	WP10-MAT-REMEV-01-01/IPPLM_Poland/BS
Debye temperature and the Gibbs free energy
The Debye temperature, a quantity related to the dynamics, of the investigated samples will be determined by means of the Mossbauer spectroscopy. For this purpose a series of Mossbauer spectra will be recorded in a temperature interval of 80-300 K. The spectra will be analyzed to give the centre shift, CS. Its temperature dependence via the second-order Doppler shift yields the Debye temperature. The Gibbs free energy and some hyperfine spectral parameters (charge- and spin-density) will be calculated ab initio (KKR) at 0 K based on the limited set of atomic configurations for the Fe-Cr system.
	IPPLM
	0.50
	14.00
	0.00
	0.00

	
	WP10-MAT-REMEV-02-01/IPPLM_Poland/BS
Determination of a short range order (SRO) in Fe-Cr alloys
SRO can be determined from Mossbauer spectra. For this purpose each spectrum recorded at room temperature will be analyzed in terms of a two-shell model, assuming it is composed of a number of subspectra each of them corresponding to a certain atomic configuration, (m,n), where m is a number of Cr atoms in the first-neighbour shell, and n the one in the second-neighbour shell.
	IPPLM
	0.30
	7.00
	0.00
	0.00

	
	WP10-MAT-REMEV-08-01/KIT/BS
TEM investigations of neutron irradiated EUROFER 97 and boron doped EUROFER

Objectives: TEM investigations of neutron irradiated EUROFER 97 and boron doped EUROFER

Activities: Analysis  of the nano and microstructure of EUROFER-97 and boron doped Eurofer irradiated up to 32 dpa at 300°C-330°C (Arbor irradiation program) and up to 15 dpa at 250°C - 450°C (SPICE irradiation program). Imaging and structural analysis of irradiation induced defects. Nanoscale element mapping (1D and 2D) of irradiation induced segregation and precipitates (e.g. a’precipitates). Interaction of dislocation loops with other irradiation induced defects and interfaces (e.g. lath and grain boundaries, M23C6, M6C, MC precipitates.

Deliverable 12/2010: Report on TEM investigations of neutron irradiated EUROFER 97 and boron doped EUROFER
	KIT
	0.80
	25.00
	0.00
	0.00

	
	WP10-MAT-REMEV-08-02/KIT/BS
TEM & SEM microstructural investigations of irradiated specimens

Objectives: Quantitative TEM & SEM examination of EUROFER irradiated in SPICE (15 dpa), WTZ (15 dpa) and Arbor1 (30 dpa); comparison with the modelling prediction

Activities: The current proposal aims at analysis of the neutron irradiation induced evolution of microstructure in the EUROFER steel addressing (a) irradiation dose dependence of sizes and volume densities of radiation defects (e.g. defect clusters, dislocation loops, precipitates); (b) neutron fluence rate dependence of sizes and volume densities of radiation defects. 

· Quantitative TEM and SEM investigation on the irradiated EUROFER specimens from SPICE (15dpa), WTZ (15dpa) and ARBROR1 (30dpa) irradiation programmes 

· Study of applicability of the existing physical models for defect density evolution with irradiation dose. Adaptation of the existing models to the defects in EUROFER 

· Use of the results of quantitative microstructure analysis to verify models for evolution of the radiation defects in RAFM steels to be developed beyond EFDA Task Agreement (in project HRJRG-13) 

Deliverable 12/2010: Report  on TEM and SEM examined microstructure in EUROFER irradiated in SPICE, WTZ and ARBOR1
	KIT
	1.00
	25.00
	0.00
	0.00

	
	WP10-MAT-REMEV-01-01/MEdC/BS
Transmission and backscattering Mössbauer Spectroscopy studies of the short range order, structure and magnetic properties in &#945;-Fe and binary Fe-Cr model-alloys.
Background
The MössbauerSpectroscopy technique has been applied in physical metallurgy mainly for: 1) monitoring theeffect of deliberate modification of the metal by processing, eitherat the pre-treatment stage; 2) monitoring changesin the metal not caused deliberately, i.e. the side-effects ofprocessing (e.g. reactor steels, andphase transformation during intensive plastic deformation); 3) obtaining information to enable fundamental understanding of metalsand alloys (the formation of intermetallic phases in industrial alloys, the influenceof metal ions on iron oxide rusts and the studyof quasi-crystalline alloys etc). The information gained has helped the improvement ofproperties, the monitoring of changes in structures, as well asthe development of fundamental understanding of metals and alloys. 

Equipments
We dispose of three Mössbauer spectrometers as follows:

* See Co. Mössbauer Spectroscopy system (VT400 velocity transducer, W302 Mössbauer spectrometer, W202 Gamma Spectrometer, PC ; 4.5 to 300K closed Cycle He Refrigerator System for Mössbauer Spectroscopy, vacuum furnace for sample temperature from 300K to 800K, Mössbauer conversion electron detector); 

* AME-50 Mössbauer spectrometer (MVT-4 transducer, MDF-N-5 driver, MFG-N-5 generator, CMCA-550 Wissel acquisition system, Ortec gamma ray spectrometer, multifunctional detector for backscattering measurements by electron and X-ray);

* AME-20 Mössbauer spectrometer (MVT-2 transducer, MD-2 driver, PC with card as function generator and data acquisition system, Ortec gamma ray spectrometer, 80 to 500K MC-3 cryostat, vacuum furnace MF-2 for sample temperature from 300K to 1000K), radioactive sources for 57Fe, 119Sn and 151Eu isotopes, specialised programs for Mössbauer spectra analysis.        

Another Mössbauer spectrometer, with superconducting magnetic system, will be available in May 2010 for measurements at liquid helium temperature in the presence of strong magnetic fields (up to 6T).

With regard the absorber preparation for Mössbauer spectroscopy, we dispose of the necessary know-how to approach a whole kind of samples, from powders to metallic samples and thin films. 

Goals
We can contribute to the achievement of the following one or more of the following objectives:

1. Determination of Short Range Order (SRO)

2. Determination of local structure 

3. Determination of magnetic properties

aimed by the research project “MAT-REMEV: Radiation Effects Modelling and Experimental

Validation” in the frame of the “Fusion Materials Topical Group”. 
	MEdC
	0.50
	1.00
	0.00
	0.00

	
	WP10-MAT-REMEV-06-01/MEdC/BS
In-situ TEM observation of dynamics of screw & edge dislocations and He bubbles in alpha-Fe and binary Fe-Cr model-alloys subjected to ion irradiation versus temperature. 

Available equipments
We dispose of a JEOL 200 CX analytical transmission electron microscope provided with the following equipments and accessories: SIS-Olympus Keen View - 20 CCD camera for TEM image recording and processing via the iTEM software platform, IXRF EDS 2004 system for the chemical composition analysis, double-tilt specimen holder, single-tilt heating holder, single-tilt straining holder. 

In terms of TEM specimen preparation, we dispose of the necessary know-how and of a large variety of techniques and equipment allowing us to approach a whole lot of samples, from powders to metallic samples and thin films (plan view and cross-section): crushing, slicing with wire-saw, grinding and polishing for solid samples (Kent and MTI polishing machines), ion milling (Gatan PIPS and Gatan Duo Mill installations), electrochemical thinning (Struers machine). 

Achievable tasks
With the described equipments we are able to perform in-situ heating or straining TEM studies of dislocations dynamics as well as to characterize the nanosized pinning centers such as preexisting precipitates and/or irradiation induced obstacles. We can contribute to the achievement of one or more of the following objectives of the research project “MAT-REMEV: Radiation Effects Modeling and Experimental Validation” in the frame of the “Fusion Materials Topical Group”:

1. Experimental validation of dislocation dynamics properties

We are able to perform in-situ TEM observation of dynamics of screw and edge dislocation in binary Fe-Cr model-alloys versus temperature. 

2. Screw dislocation mobility in presence of nanometric obstacles observed in TEM. Micromechanical testing of Fe model alloy.

We are able to perform: TEM observation of mobility of screw dislocation in the presence of nanometre-size obstacles introduced by ion-beam irradiation; side effect and glide plain identification in micromechanical testing; effects of grain boundaries and C and Cr.

3. Primary damage in pure a-Fe & Fe-Cr alloys: identification of dislocation loops and He bubbles.

We are able to perform TEM characterization of radiation damage and He bubbles in pure Fe and Fe(C, Cr) model alloys. 

Group Expertise
Our group has got advanced expertise in TEM studies on iron and steels [1,2], in-situ TEM studies on phase transformations versus temperature [3-5], HRTEM studies on defects induced in Si by hydrogen plasma treatment [6,7]. 

Collaboration
We are open to collaborate with any Association in the MAT-REMEV project involved in producing the alloys samples, irradiating the alloys samples or generating structural models to be compared with the microstructural results that we could provide by TEM studies. 
	MEdC
	0.50
	2.00
	0.00
	0.00

	
	WP10-MAT-REMEV-06-01/CRPP/BS
Plasticity and fracture

Experimental validation of dislocation dynamics properties - in-situ TEM observation of dynamics of screw & edge dislocations in binary Fe-Cr: High speed deformation in view of validating MD simulation of deformation of UHP Fe and Fe(Cr) is proposed. This work will be done in collaboration with SUPSI (University for Applied Sciences, Switzerland). Experimental strain rates are usually around 10e-4 s-1 while in simulations by MD they are usually around 10e+6 s-1. Specimens of UHP Fe will be experimentally deformed at the highest speed possible to close the gap between the modelling and experiments of uniaxial tensile testing of materials. The proposed starting strain rate is 10e+3 s-1. The foreseen observables are the yield stress and activation energy, and the TEM experimental observation of the microstructure after deformation. Comparison with MD results will be made in collaboration with D. Terentyev, SCK·CEN (Belgium). MD simulations - hardening due to irradiation-induced defect clusters: Large scale MD simulations are planned on the HPC-FF facility in Jülich on samples containing many dislocations and many defects in order to study the effect of coupling between dislocation-defect interaction phenomena on the irradiation-induced hardening. The defect of interest is the nanometric cavity. The result will then be used for validation of DDD simulations used to predict the hardening induced by irradiation-induced defects. 
	Swiss Confederation
	1.10
	10.00
	0.00
	0.00

	
	WP10-MAT-REMEV-06-02/CRPP/BS
Plasticity and fracture

Screw dislocation mobility in presence of nanometric obstacles observed in TEM: The aim is to investigate by TEM in situ straining at low temperature (LN2) to room temperature the mobility of dislocations, in particular the screw dislocation, and its interaction with nanometric defects. The specimens of interest will include (1) UHP Fe that will be irradiated/implanted in JANNuS, and (2) ODS pure Fe produced by the CRPP. The latter contain ideal unshearable obstacles, the oxide particles, which can be simulated by MD. Therefore, comparison with MD simulation will be also made. 
	Swiss Confederation
	0.00
	10.00
	0.00
	0.00

	
	WP10-MAT-REMEV-06-02/CRPP/PS
Plasticity and fracture

Screw dislocation mobility in presence of nanometric obstacles observed in TEM: The aim is to investigate by TEM in situ straining at low temperature (LN2) to room temperature the mobility of dislocations, in particular the screw dislocation, and its interaction with nanometric defects. The specimens of interest will include (1) UHP Fe that will be irradiated/implanted in JANNuS, and (2) ODS pure Fe produced by the CRPP. The latter contain ideal unshearable obstacles, the oxide particles, which can be simulated by MD. Therefore, comparison with MD simulation will be also made. 
	Swiss Confederation
	0.00
	0.00
	0.15
	0.00

	
	WP10-MAT-REMEV-08-01/CRPP/BS
Experiments: development & user's facilities

Primary damage in pure Fe & Fe-Cr alloys - identification of dislocation loops and He bubbles: The primary radiation damage in UHP Fe and Fe-Cr alloys will be investigated by means of TEM observations of implanted TEM disks to identify dislocation loops with the help of image simulations and to identify He bubbles with the help of EELS simulations. They are based on the simulation of the dislocation loops and He bubbles using MD. The impact of the Cr content on those will be assessed, in collaboration with D. Terentyev, SCK·CEN (Belgium, for the MD calculations. 
	Swiss Confederation
	1.00
	10.00
	0.00
	0.00

	
	WP10-MAT-REMEV-08-02/CRPP/BS
Experiments: development & user's facilities

Kinetic Modelling validation - mono & dual beam irradiation in JANNUS followed by TEM characterisation of the microstructure: Irradiation/implantation will be conducted on Fe and Fe(Cr) alloys in view of studying by TEM the dislocation loop and cavity population (type, density and size) as a function of dose and He content. Results will be compared to OKMC calculation performed by M.J. Caturla, University of Alicante (Spain). Also, the bias induced by the use of irradiated/implanted thin foils, necessary for the direct observation using TEM (performed at JANNuS Orsay), will be studied by comparing results to those obtained for bulk irradiated/implanted specimens (performed at JANNuS Saclay). It is indeed well known that in 50 nm thick foils the two free surfaces are strong sinks for irradiation-induced defects. Bulk irradiation will be performed on 3 mm disks, with ion energies yielding a range of 3 µm. 
	Swiss Confederation
	0.30
	20.00
	0.00
	0.00

	
	WP10-MAT-REMEV-03-02/TEKES/BS
Displacement cascade simulation in Fe-Cr-C model alloys
.
We will develop interatomic potentials for the Fe-Cr-C system based
on the second-moment tight binding approximation. The potentials will
have a reasonable description fo iron and chromium carbides, in
particular predict a realistic structure and heat of formation for
cementite. It will also reproduce the experimental heat of mixing for
FeCr, and give reasonable energetic for C in Fe and Cr. The potential
will be applied to simulate individual cascades and cascade
overlapping effects in FeCr and FeCrC, and in particular be used to
study the sensitivity to the initial conditions. We will also
collaborate with SCK-CEN on the topic of He potentials, and in
particular provide our well tested W and He-W potentials for them 
for incorporation into a FeCrW potential. We will
collaborate on the implementation and further development
of this potential. 
	TEKES
	0.00
	5.00
	0.00
	0.00

	
	WP10-MAT-REMEV-03-02/TEKES/PS
Displacement cascade simulation in Fe-Cr-C model alloys
.
We will develop interatomic potentials for the Fe-Cr-C system based
on the second-moment tight binding approximation. The potentials will
have a reasonable description fo iron and chromium carbides, in
particular predict a realistic structure and heat of formation for
cementite. It will also reproduce the experimental heat of mixing for
FeCr, and give reasonable energetic for C in Fe and Cr. The potential
will be applied to simulate individual cascades and cascade
overlapping effects in FeCr and FeCrC, and in particular be used to
study the sensitivity to the initial conditions. We will also
collaborate with SCK-CEN on the topic of He potentials, and in
particular provide our well tested W and He-W potentials for them 
for incorporation into a FeCrW potential. We will
collaborate on the implementation and further development
of this potential. 
	TEKES
	0.00
	0.00
	0.50
	0.00

	
	WP10-MAT-REMEV-06-04/TEKES/BS
Strain rate effects
Strain rate sensitivity of Fe and Fe9Cr alloy will be further studied in strain rate range from 10-4 s-1 to 10-8 s-1. Most resent experiments have indicated very strong negative strain rate sensitivity in Fe at test temperature of 55°C. It is noted that almost no strain rate effect was observed in Fe9Cr alloy. It is interest to to carry out these experiments also at elevated temperature, e.g., at 250°C. Transmission microscopy on resulting dislocation structure after interrupted tensile tests will be carried out in order to determine dominating deformation mechanisms at low and high strain rates.

These experiments give also a better back ground to understand the earlier obtained in-reactor tensile test results of Fe and Fe9Cr alloy.

Report on strain rate and temperature effect on dislocation structure of Fe and Fe9Cr alloy.
	TEKES
	0.40
	0.00
	0.00
	0.00

	
	Total
	
	21.56
	577.50
	6.75
	170.00


3.3 JET related activities
Non applicable.

3.3 Publications
[1]  http://www.efda.org/about_efda/activities-fusion_materials.htm

4. Scientific and Technical Reports

4.1 Progress Reports
At the end of each calendar year, and at intermediate times where appropriate, the Principal Investigators shall present a report on activities under the Task Agreement to the EFDA Leader for his approval. These reports shall integrate the progress made by each Association on each activity, and they shall indicate the level of achievement of the objectives, the situation of the activities, the allocation of resources and recommendations for the next year when applicable. The EURATOM financial contribution will be made through the usual procedures for baseline support through the Contract of Association.

4.2 Report of achievements under Priority Support (final report and, when appropriate, intermediate reports)
Achievement of Priority Support deliverables will be reported separately to the EFDA Leader. A final report (and intermediate reports marking substantial progress in the achievement of deliverables, if the EFDA Leader so requests) shall be prepared by the Responsible Officer together with the Co-Chairs of the Group and submitted to the EFDA Leader. If part of or all the activities carried out relate to JET, the Associate Leader for JET will be involved in clearing the report. These reports shall include specific sub-sections for each of the Associations involved. They shall document the degree to which the deliverables in Table 4.1 have been achieved, and shall include a breakdown of expenditure for each Association, under the headings of Annex 1. The EURATOM financial contribution will be made after approval by the EFDA Leader of these reports.

Table 4.1: Task Deliverables

	Activity
	Association
	Priority Support Deliverables
	Due Date

	WP10-MAT-REMEV-01-01/CCFE/PS
	CCFE
	Final report
	31. Dec 2010

	WP10-MAT-REMEV-02-01/CCFE/PS
	CCFE
	Final report
	31. Dec 2010

	WP10-MAT-REMEV-03-01/Belgium_SCK-CEN/PS
	Belgium_SCK-CEN
	Final report
	31. Dec 2010

	WP10-MAT-REMEV-03-02/TEKES/PS
	TEKES
	Final report
	31. Dec 2010

	WP10-MAT-REMEV-04-01/CIEMAT/PS
	CIEMAT
	Final report
	31. Dec 2010

	WP10-MAT-REMEV-04-02/CEA/PS
	CEA
	Final report
	31. Dec 2010

	WP10-MAT-REMEV-04-04/CEA/PS
	CEA
	Final report
	31. Dec 2010

	WP10-MAT-REMEV-05-01/Belgium_SCK-CEN/PS
	Belgium_SCK-CEN
	Final report
	31. Dec 2010

	WP10-MAT-REMEV-06-02/CEA/PS
	CEA
	Final report
	31. Dec 2010

	WP10-MAT-REMEV-06-02/CRPP/PS
	Swiss Confederation
	Final report
	31. Dec 2010

	WP10-MAT-REMEV-06-04/CEA/PS
	CEA
	Final report
	31. Dec 2010

	WP10-MAT-REMEV-08-02/CEA/PS
	CEA
	Final report
	31. Dec 2010

	WP10-MAT-REMEV-08-02/CIEMAT/PS
	CIEMAT
	Final report
	31. Dec 2010

	WP10-MAT-REMEV-08-06/CIEMAT/PS
	CIEMAT
	Final report
	31. Dec 2010


4.3 Milestones
· End second trimester 2010: Monitoring meeting to present and discuss the results obtained in the first half of 2010, and proposals for the Call for Participation for 2011

· Third trimester 2010: Monitoring meeting to present and discuss about the results obtained during 2010, and new proposals for 2011

· December 2010: Final report sent to EFDA – CSU

5. Priority Support Expenditure Forecast

The forecast of the total expenditures eligible for priority support in this Task Agreement is 1105.868 kEuro. A full breakdown of forecast of expenditures is given in Annex 1. The Community financial contribution will be up to a maximum of 255.174 kEuro under Art. 8.2a and 8.2b of the Contract of Association.

For exchange of scientists between the involved Associations details of the forecast of expenditure under the Mobility Agreement is shown in Annex 2. This data shall be included in the annual Mobility Plan of the Associations 
.

6. Intellectual Property

The Associates shall identify, in the Task Agreement reports, all information relevant from the Intellectual Property Rights point of view. Guidelines regarding the content of this IPR chapter are given in the EFDA Explanatory Note to the Associates of 28 November 2007 (IPR report (art.5) final).

7. Quality Assurance

EFDA QA rules applicable where appropriate (EFDA-Annex QA- EFDA QA requirements for Suppliers (EFDA_D_2AN6G6)).

8. Background Documentation

[1]  http://www.efda.org/about_efda/activities-fusion_materials.htm

Annex 1: Summary financial table for Priority Support

	Year
	Association
	Activity
	Manpower
	Hardware expenditure
	Consumables expenditure
	Other expenditures
	Total
	Comments

	
	
	
	ppy
	k€
	k€
	k€
	k€
	k€
	

	2010
	Belgium_SCK-CEN
	WP10-MAT-REMEV-03-01/Belgium_SCK-CEN/PS
	0.50
	104.00
	0.00
	0.00
	0.00
	104.00
	

	
	Belgium_SCK-CEN
	WP10-MAT-REMEV-05-01/Belgium_SCK-CEN/PS
	0.24
	31.24
	0.00
	0.00
	0.00
	31.24
	

	
	CCFE
	WP10-MAT-REMEV-01-01/CCFE/PS
	0.90
	123.84
	0.00
	0.00
	0.00
	123.84
	

	
	CCFE
	WP10-MAT-REMEV-02-01/CCFE/PS
	0.50
	52.68
	0.00
	0.00
	0.00
	52.68
	

	
	CEA
	WP10-MAT-REMEV-04-02/CEA/PS
	0.48
	82.08
	0.00
	0.00
	0.00
	82.08
	

	
	CEA
	WP10-MAT-REMEV-04-04/CEA/PS
	0.48
	82.08
	0.00
	0.00
	0.00
	82.08
	

	
	CEA
	WP10-MAT-REMEV-06-02/CEA/PS
	0.60
	102.60
	0.00
	0.00
	0.00
	102.60
	

	
	CEA
	WP10-MAT-REMEV-06-04/CEA/PS
	0.50
	85.50
	0.00
	0.00
	0.00
	85.50
	

	
	CEA
	WP10-MAT-REMEV-08-02/CEA/PS
	0.75
	106.95
	40.00
	0.00
	120.00
	266.95
	

	
	CIEMAT
	WP10-MAT-REMEV-04-01/CIEMAT/PS
	0.40
	20.00
	0.00
	0.00
	0.00
	20.00
	

	
	CIEMAT
	WP10-MAT-REMEV-08-02/CIEMAT/PS
	0.25
	37.50
	0.00
	0.00
	0.00
	37.50
	

	
	CIEMAT
	WP10-MAT-REMEV-08-06/CIEMAT/PS
	0.50
	43.50
	10.00
	0.00
	0.00
	53.50
	

	
	Swiss Confederation
	WP10-MAT-REMEV-06-02/CRPP/PS
	0.15
	13.90
	0.00
	0.00
	0.00
	13.90
	

	
	TEKES
	WP10-MAT-REMEV-03-02/TEKES/PS
	0.50
	50.00
	0.00
	0.00
	0.00
	50.00
	

	Total 2010
	
	
	6.75
	935.87
	50.00
	0.00
	120.00
	1105.87
	


Annex 2: Indicative mobility Support 

	Year
	Association
	Estimated number of trips
	Estimated total cost (k€)
	Comments

	2010
	Belgium_SCK-CEN
	9
	12.0
	Trips to CCFE (group of S.L. Dudarev) 
development of codes, monitoring meetings

	
	CCFE
	18
	28.3
	two trips of 4 days each are to EFDA monitoring meetings; two trips of 10 days duration each are from CCFE to PSI to carry out collaborative work; two trips from PSI to CCFE, 10 days duration each, to carry out collaborative work 
4 EFDA Monitoring meetings - location as yet unknown. 1 trip to SCK-CEN for Collaboration meeting. 1 trip to CEA for collaboration meeting. 1 trip to Delf University of Technology for collaboration meeting. 1 trip to Grenoble University of Technology for Collaboration meeting 
2 EFDA monitoring meetings - location as yet unknown. Two trips to Stanford of up to 30 days each

	
	CEA
	22
	33.5
	EFDA progress meetings 
Missions 
CCFE collaboration 
CRPP/EPFL collaboration

	
	CIEMAT
	16
	18.5
	Monitoring meetings 

	
	Hellenic Republic
	4
	4.0
	Monitoring meetings

	
	IPPLM
	2
	2.0
	EFDA monitoring meetings

	
	KIT
	0
	0.0
	

	
	MEdC
	2
	1.0
	kick-off meeting 
meeting Task Force

	
	Swiss Confederation
	4
	4.0
	Missions 
Ion irradiations/Saclay 
Ion irradiation/Orsay+Saclay

	
	TEKES
	4
	6.0
	Missions 
project meetings

	
	Total
	81
	109.3
	


WP10-MAT-REMEV
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� Art 8.2a and 8.2b of the Contract of Association -“a) an additional rate supplementing baseline support and not exceeding a final rate of 40% for expenditure on specific co-operative projects, which have been recommended for or have been awarded priority status by the CCE-FU according to the conditions and the procedures set out in Annex II, part A, Articles II.3 and II.4. b) a rate not exceeding 40 %, for expenditure on specific co-operative projects, which have been recommended for or have been awarded priority status by the CCE-FU according to the conditions and the procedures set out in Annex II, part A, Articles II.3 and II.4.”


� To be included in the Associations annual mobility plan.
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