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1. Introduction

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

2. Objectives

Tungsten and tungsten alloys are presently considered for helium cooled divertor and possibly for the protection of the helium cooled first wall in DEMO designs, mainly because of their high temperature strength, good thermal conductivity, and low sputtering rates. There are two types of applications for these materials which require quite different properties: one is the use as plasma-facing armour or shield component, the other is for structural purposes. An armour material needs high crack resistance under extreme thermal operation condition and plasma wall interaction, while a structural material has to be ductile within the operation temperature range. Both material types have also to be stable with respect to high neutron irradiation doses and helium production rates.

The Research Project is structured into:

- four lines of classical engineering research:

Fabrication Process Development

Structural Material Development

Armour Material Optimisation

Irradiation Performance Testing

- and a basic research line:

Materials Science and Modelling

The main objectives are the following for each programmatic line.

(i) Fabrication Process Development:
This includes joining, machining, fabrication process development, and mock-up testing on the basis of the current He cooled divertor design (pure tungsten as armour material for tiles, W-1%La2O3 as structural material, commercial brazing materials, operation temperature 600-1300 C). Within this area, fabrication, operation, and lifetime issues are treated. The present finger design is treated as a preliminary test case.

Long term objectives:
Providing all the fabrication steps and processing parameters for divertor part assembly.

Verification of reliability and lifetime of divertor parts with relevant component tests (tests in special helium loop facilities and/or tokamaks).

Objectives for 2010:
Identification of fabrication related material issues and implications for tungsten materials development. In general, Eurofer is going to be used as structural material, with the expectation that ODS steels will replace Eurofer in various parts of the structure in the future. 

I. Joining: 

After screening studies of commercial brazes or materials with property gradient not complying with Reduced Activation fusion requirements in WP-08-09, the work is re-oriented to the development of Reduced or Low Activation alloys for brazing or advanced joining:

a) Development and testing of low activation brazing materials for joining tungsten to tungsten (high operation temperature), especially Ti-based brazes. 

b) Development and testing of reduced activation brazing materials for joining tungsten to Eurofer steel (medium operation temperature). 

c) Development of functional gradient materials for the transition from W to Eurofer steel, using co-sintering by classical route or via Pulse Plasma sintering or laser deposition of property gradient alloys with Low or Reduced activity.

Feasibility of explosive bonding in the case of tungsten-EUROFER plane joint geometry will also be carried out. 

II. Machining: 
a) Investigating and characterising fabrication techniques as alternatives to Electrical-Discharge-Machining (EDM). Fabrication of crack-free surfaces, e.g. with electro-chemical machining (ECM).

b) Developing mass production methods for divertor parts (finger and tiles): deep drawing and Powder Injection Moulding (PIM).

(ii) Structural Materials Development 

This part is focussed on materials development and basic characterisation. The goal is to find a ductile refractory material with acceptable thermal conductivity. The measurements for comparing ductility are either standard Charpy tests on miniaturized specimens or bending tests with different strain rates which allow for extrapolation to the same dynamic loads compared to Charpy tests. 

Long term objectives:
Industrial scale production of a refractory material for structural divertor applications.

Oxidation protection (coating)

Full characterisation (including data base) of such a material.

Objectives for 2010:
The basic screening of 2008-2009 has confirmed the selection of W-Ta (as reference), W-V and W-Ti in severely deformed microstructure after warm or hot process, to be used for low temperature. ODS variants are also studied for improved thermal stability. The goal is to improve/optimise thermal stability of the microstructure and of the ductility and fracture toughness of tungsten materials.

I. Material Production:
a) Production and metallurgical characterisation of W-Ta, W-V and W-Ti tungsten materials by powder mixing, pressing, sintering, and final cold/hot work.

b) Production and metallurgical characterisation of W-V and W-Ti tungsten ODS materials by mechanical alloying (milling) or mixing, hot isostatic pressing, and eventually cold/hot work. 

II. Basic Characterisation
For clear comparison all produced materials will be characterised by basic, standardized methods. During the Monitoring Meeting of January 2009, Mechanical testing was decided to be performed using the same specimen geometries for each test. These are standard specimens validated by FZK. Basic characterisation encompasses:

a) DBTT either by Charpy (KLST standard) or bending tests with different strain rates

b) creep/tensile/indentation at 1100-1300 C

c) thermal conductivity

d) re-crystallisation temperature 

e) microstructure analysis

(iii) Armour Material Optimisation: 

The goal is to optimise armour materials and high heat flux testing. Candidate materials have to be characterised by fatigue and shock tests under electrons or He/H beams for an assessment of their degradation and possible lifetimes.

Long term objectives :
· Industrial scale production of a refractory material for armour applications. 

· Reinforcement by fibre composites (crack stopper). 

· Full characterisation (including data base) of such a material. 

Objectives for 2010:
Full joint metallurgical characterisation of the reference W-alloy ordered under Priority Support during the WP-2008-2009.

Basic screening of different commercial tungsten materials (rods and plates in different orientations). The goal is to characterise the influence of microstructure on properties during high heat flux load.

I. Material Optimisation/Production
a) Production of W-Y2O3 and W-TiC (on laboratory scale) tungsten materials by mechanical alloying or alternative technologies, powder mixing, pressing, sintering, and final cold/hot work.

b) Production of W-ODS materials on industry scale by powder injection moulding. 

c) Production of oxidation resistant ternary W-Cr-Si and quaternary W-Cr-Si-Zr alloys in coating and bulk for FW protection (“low operating temperature”).

II. Material Testing
a) thermal fatigue tests in the high temperature range (T>1500C)

b) thermal shock tests in the operation relevant parameter range

c) material characterisation in an extended high temperature range (basic properties)

d) thermal fatigue tests under hydrogen and/or helium beam loading with divertor relevant fluxes

(iv) Irradiation Performance
The present situation of the radiation damage induced by neutron irradiation can be characterised as follows:

The W and W-alloys irradiated so far exhibit extreme brittleness, which discard these particular materials to be used as structural materials.

A variety of medium dose/medium temperature irradiation experiments is under way within external programs (e.g. fission, EXTREMAT). 

The knowledge on irradiation induced embrittlement and He/H accumulation under divertor relevant conditions is rather rudimentary.

Remaining questions: Does high dose neutron irradiation induce the shift of DBTT above 600C, 1300C, or further up the temperature scale? How does He/H production affect mechanical properties? What is the consequence of transmutation effects? 

To address the question about the expected change (increase) of DBTT of tungsten, as a function of irradiation dose and irradiation temperature, it is proposed to launch an activity on the characterization of radiation-induced hardening of the reference tungsten batch material, by means of performing surface indentation tests on specimens irradiated with self-ions at JANNUS at various temperatures in the range between the room temperature and 800C. The objective of these tests is to determine the characteristic (high) irradiation temperature at which the accumulation of dose produces no detectable hardening.

Long term objectives:
Irradiation experiments at divertor relevant test conditions.

Validation irradiation under fusion-like neutron spectrum in IFMIF.

Medium temperature/high dose fast reactor irradiation in cooperation with external programs.

Objectives for 2010:
Collecting and evaluating irradiation data from external programs (EXTREMAT). 

(v) Materials Science and modelling:
The main objective for this area is to assist and guide the materials development process. The basic idea is to identify the origin of extreme brittleness of tungsten, to explore a range of potential ductilisation treatments, and to transfer the knowledge to the materials development area, with in parallel understanding and modelling radiation effects i. e. point defects and He&H accumulation in bulk and sub-surface.

Long term objectives:
Providing knowledge on basic material deformation mechanisms which can assist the materials development work.

Objectives for 2010:
I. Plasticity Studies
a) micro-mechanic tests for characterising the influence of metallurgical factors on ductility.

b) identification of relevant ductilisation mechanisms in W-Re alloys. 

c) Optimisation of severe plastic deformation method for tungsten materials

II. Theory, Simulation, Validation
a) Ab initio calculation in support to phase diagram calculation of W-Re (s-phase), W-Ta, W-V and W-Ti systems 

b) Ab initio based study of phase stability and radiation defect structures in Tungsten-Vanadium and Tungsten-Tantalum Alloys

c) Ab initio calculations of core structure and energetics of screw dislocations in W containing various elements such as Re, Os, Ta and V. 

d) Ab initio energetics of He/H and point defects. Kinetic modeling of He and dpa accumulation in bulk and sub-surface. 

e) Molecular dynamic simulations of the mobility of edge & screw dislocations and of their interaction with He vacancy clusters (irradiation hardening). TEM image simulations of irradiation-induced defects.

f) Microstructure analysis of He implanted tungsten and under dual-ion beam conditions. Characterisation by Positron Annihilation Spectroscopy and Nuclear Reaction activation. 

g) In-situ TEM observation to study dislocation dynamics and interaction with radiation defects (in combination with multi-ion beam facilities).

3. Work Description and Breakdown

3.1 Structure
(i) Fabrication Process Development:
(ii) Structural Material development
(iii) Armour material optimisation
(iv) Irradiation Performance Testing
(v) Materials Science and Modelling
WP10-MAT-WWALLOY-01

Fabrication Process Development

	Activity (i): Fabrication Process Development

	Objectives
	Milestones
	Deliverables

	Development of W-Eurofer and W-W joints (brazing & functional gradient)
	Dec. 2010: First set of alternative LA or RA braze alloys. Fabrication routes for property gradient joints W-EUROFER. Explosive bonding tests in plane geometry
	Dec. 2010: Intermediate reports: Screening results of RA or LA brazes. Development process in electrolytic & galvanic coatings.

Dec 2010: Intermediate report for property gradient joint and explosive welding between W & EUROFER

	Investigating, characterising and developing fabrication, machining and mass production techniques (deep drawing, powder injection moulding, alternatives)
	Dec 2010: Evaluation of progress and implications to divertor design
	Oct. 2010: Technical report: Advances in ECM, deep drawing and powder injection moulding

Oct. 2010: Technical report: Advances in machining and fabrication technologies


WP10-MAT-WWALLOY-02

Structural Material Development

	Activity (ii): Structural Material development

	Objectives
	Milestones
	Deliverables

	Development and basic characterisation of tungsten base materials for structural applications
	Dec 2010: Achievement of first characterisation of W-Ta, W-V and W-Ti alloys
	Dec. 2010: Finalreports on basic characterisation W-Ti, W-V, and W-Ta warm or hot processed & severely plastically deformed for structure applications

Dec 2010: Intermediate report on W-V and W-TiODS materials: fabrication route & basic Characterisation


WP10-MAT-WWALLOY-03

Armour Material Optimisation

	Activity (iii): Armour Material Optimisation

	Objectives
	Milestones
	Deliverables

	Screening, optimisation, and thermal fatigue/shock testing of tungsten base armour materials
	Dec 2010: achievement of testing the reference W-batch

Dec. 2010: delivery of first materials for high temp. tests
	Dec .2010: Summary report on industrial PIM W-ODS produced materials

Oct. 2010: Summary report on mechanical and high temperature/heat flux characterisation (electron, He, H) of the W-reference batch. 

Oct. 2010: First report on W-Y2O3, W-TiC, and W-Si-Cr mechanical and high temperature/heat flux characterisation (electron, He, H). 

Dec. 2010: Report: Summary and recommendations for future work and implications for divertor design

	Developing oxidation resistant W-Cr-Si and W-Cr-Si-Zr alloys in coating and bulk
	Dec. 2010: Bulk materials fabricared
	Dec 2010: Report on oxidation resistant W-alloys: optimised microstructure & chemical composition, oxidation kinetics and test under heat flux and He&H beam.


WP10-MAT-WWALLOY-04

Irradiation Performance Testing

	Activity (iv): Irradiation Performance Testing

	Objectives
	Milestones
	Deliverables

	Surface indentation testing of reference tungsten specimens, ion irradiated at JANNUS at temperatures between 27C and 800C, to find a characteristic irradiation temperature at which accumulation of dose produces no detectable hardening.
	Dec. 2010: delivery of results of first experimental tests on hardening of ion irradiated reference tungsten specimens
	Dec. 2010: Report: Feasibility study on radiation induced hardening of tungsten, ion irradiated at several irradiation temperatures, with indentation tests performed at room temperature.

	Data collection and evaluation
	
	Dec. 2010: EXTREMAT status


WP10-MAT-WWALLOY-05

Materials Science and Modelling

	Activity (v): Materials Science and Modelling:

	Objectives
	Milestones
	Deliverables

	Plasticity studies and fracture mechanics with focus on impurities, texture, and Re effect.
	Dec. 2010: First set of data on W-Ta as reference alloys for low temperature application.
	Dec. 2010: Intermediate report on microstructure and micro-mechanics characterisation of W-Ta, W-V, W-Ti

	Defect calculations with ab initio, molecular dynamics, and dislocation dynamics.
	Dec. 2010: first ab initio calculated formation enthalpy for phase diagram calculation of W-Re and W-Ta

Dec.2010: Development of quantitative understanding of phase stability of bcc W-Ta and W-V alloys from low to high temperature regions, using density functional theory (DFT) calculations and cluster expansion

Dec.2010: Investigation of the effect of Ta and V alloying on irradiated point defects (vacancies and self-interstitial atoms (SIA)) for a range of concentrations of alloying elements in W alloys.

Dec. 2010: first ab initio based OkMC prediction of dpa and He accumulation in bulk including mobility of small He-clusters He2 & He3.

Dec 2010: Achievement of the ab initio data base of He-V clustering in sub-surface. Selection of the best kinetic tools to be adapted for sub-surface microstructure prediction
	Dec 2010:Report on ab inito calculation of formation enthalpy in the W-Re phase diagram, including the s-phase

Dec 2010: Report on the phase stability of W-Ta and W-V alloys in bcc phases at low and finite temperature regions by using DFT, Cluster Expansion and Monte-Carlo simulations, point defect (vacancy and SIA) calculations for W-Ta and W-V alloys, and investigation of migration pathways for point defects.

Dec 2010: Report on ab initio calculation ofcore structure, Peierls potential of screw dislocation in W and interaction with Re, Os Ta, V & Nb

Dec 2010: Report on ab initio energies He2 & He3 clusters. Complement OkMC code. OkMC prediction of He & dpa accumulation in bulk for comparison with experiments.

Dec 2010: Ab initio calculation of the energies of He & V clusters close to low energy surface of W. 

Dec 2010: Report on improving He-V and He-SIA interaction in present W-He potential.MD simulation of the He-W system for large scale modelling. Cascades & dislocations

	Validation experiments (He/H behaviour in W, in situ TEM)
	Dec. 2010: First set of characterised W metal after dual beam and dpa accumulation
	Dec. 2010: Report on microstructure obtained under dual beam and TEM characterisation. 

Dec. 2010: Report on He and H co-implantation characterised by Positron Annihilation Spectroscopy (PAS) and Nuclear Reaction activation. 

Dec. 2010: Report: Summary and recommendations for modelling and materials development


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-WWALLOY-03-01/Belgium_SCK-CEN/PS
Full characterization (mechanical and microstructural) of commercial tungsten grade for reference purposes

Continuation of the task started in 2009 on the full basic characterization of the reference W-batch. For the set-up of the FEM database (together with FZJ).

The continuation of the task consists out of several topics:

Basic mechanical tests (up to 2000C,or 600C with strain rate of 1s-1)with investigation of the fracture behaviour (SEM, OM, metallography)
- tensile: temperature and strain rate dependency, dependence of the position inside the blocks and orientations, influence of recrystallization, ...
- indentation: low temperature but up to very high strain rates
- compression: temperature and strain rate dependency, position dependence in block and orientation
- low cycle fatigue: temperature dependent tests, manufacturing/testing/optimisation of the pull rods and measurement methods
- fracture toughness: temperature, strain rate dependence, position and orientation

Thermal stability investigations (high temp. vacuum furnace (2200C), metallography, SEM, OM, image analysis)
- recrystallization temperature: determination activation energy

Microstructure (OM, metallography, image analysis, SEM, TEM, EDX)
- microstructure determination
- grain size and orientation analysis (statistics)
- chemical composition
- TEM analysis (specimen preparation usefull later on for irradiated materials)

Final goal: set-up of qualification criteria by the full characterisation of the reference grade in order not to repeat a full characterization on new-developed materials.

Continuation of the understanding of materials behavior of mechanical properties and correlation with cracking phenomena studied by thermal shock (FZJ). 

Final goal: Correlation between cracking pattern observed in thermal shock experiments and the thermo-mechanical properties. Providing a frame in which interpretation of the observed fracture in terms of temperature and strain rate can be done. Correlation between fracture and intrinsic properties. 
	Belgium_SCK-CEN
	0.00
	0.00
	0.75
	10.00

	
	WP10-MAT-WWALLOY-05-01/UKAEA/BS
Materials Science and Modelling
This task is going to be performed in collaboration with the Polish Association (PI -Prof. K Kurzhydlowski) and the Swiss Association (PI - Prof N Baluc)

(i)This work is expected to address the experimental equilibrium phase diagrams of binaries W-Ta and W-V that are only known in the high temperature limit, close to the melting points. DFT parallelized code VASP will be applied to study the phase stability of these alloys at different concentration in combination with the cluster expansion (CE) method implemented within the Alloy Theoretic Automatic Toolkit (ATAT). This will allow to determine the enthalpy of mixing for different bcc alloy configurations and then to obtain the effective cluster interactions (ECI) from total energy calculations. This procedure will be iterated in order to search for the lowest enthalpy of mixing configurations for W-Ta and W-V alloys within the bcc lattice. The free energy of these binary alloys can be found by using Monte Carlo simulations using ECI at finite temperature in order to count the configuration entropy configurations. Additional vibrational contribution to the free energy of alloys can also be investigated using quasi-harmonic approximation from the DFT calculations of phonon spectra. 

(ii) The second part of this task is linked to earlier theoretical predictions, performed in UKAEA, of the most stable configuration of SIA defect in pure bcc-W. Starting from the predicted <111> crowdion configuration for the SIA defect energies produced by alloying Ta and V in different configurations around the 6 SIA configurations (<111>, <110>, <100> dumbbells, crowdion, tetrahedral and octahedral) will be calculated for various alloy compositions. The same are applied systematically for different vacancy configurations (mono-vacancy, di-vacancy and other small cluster of vacancies). The migration pathway mechanism will be studied by Nudged Elastic Band (NEB) calculations in order to the diffusion of SIA and vacancy defects in W-Ta and W-V alloys. 

(iii) The third part of this work is related to modelling the kinetic properties of W-Ta and W-V alloys based on the DFT data base of migration energy pathways obtained by DFT calculations for irradiated point defect configurations by using kinetic Monte Carlo simulations. This allows investigating a possibility of induced precipitations by irradiations in Tungsten alloys in presence of Ta and V.

(iv) The final part of this task is to use DFT method to calculate elastic constants for different ordered W-Ta and W-V alloys predicted from the above thermodynamic studies. Particular attention will be paid to the investigation of isotropic elastic properties of tungsten-Ta and V alloys. Grain boundary (GB) calculations for the Sigma-3 and Sigama-5 bcc configurations in bcc-W within different configurations of alloying elements at these GB will be investigated.
	CCFE
	0.75
	0.00
	0.00
	0.00

	
	WP10-MAT-WWALLOY-01-01/CEA/BS
Processing W-WC composite materials for plama facing components
The aim of this task is to develop a processing technique to get a dense W-WC composite material via the powder metallurgy route. This material would be integrated in the future in the W-rich part of a functionally graded W/Eurofer component. This component is considered as an alternative to the joined W/Eurofer components for the first wall or for the divertor part of DEMO

The work would first consist in designing specific powder mixtures to obtain W-WC composite materials by reactive sintering. Powders will be mixed by attritor milling. Powder mixtures will be compacted and densification will be characterized by dilatometry. XRD and microstructure analyses will complete the characterization. The possibility to create a graded composition between a W-rich part and a W-WC composite will be analysed.
	CEA
	0.50
	20.00
	0.00
	0.00

	
	WP10-MAT-WWALLOY-01-xx-02/CEA
NDT of DEMO divertor finger bonding interface by infrared thermography
In the Plasma Facing Components, the failure of the heat sink to armour bonds would compromise the performance of the divertor and potentially results in its failure and the shut down of tokamak operations. It is then a major issue to control the fabrication processes of DEMO divertor fingers in order to provide a good and reliable quality of joining.

A technical meeting on July 2008 between CEA and FZK team in charge of the design and fabrication of DEMO divertor prototype finger, has pointed out the interest of using a functional non destructive technique like SATIR test bed [1,2]to control the quality of fingers bonding interface between W tile and WL thimble. Within this framework, collaboration was initiated between FZK and CEA to study with SATIR test bed the thermal behaviour of each finger element and to develop a qualified non destructive examination processes for all the armour to heat sink joints. 

The applicability of SATIR method depends on many parameters, such as armour and heat sink materials, shape of the interface, joining technology, etc. Therefore, to initiate this study, we need to design an adapted mounting of DEMO fingers on SATIR test bed. The mounting design is stressed by the small size of the finger and hydraulic behaviour of the thimble. The surface measurement of tungsten elements is difficult due to its low emissivity. A study on the feasibility of SATIR tests is then to be performed (D1). Indeed we have to choose adapted parameters in order to obtain a relevant sensitivity. The second stage of this study is to check and to quantify the reproducibility and sensitivity of SATIR tests (D2). For these studies we will use available fingers provided by FZK. 

[1] “Experimental activity on the definition of acceptance criteria for the ITER Divertor plasma facing components” F.Escourbiac, S.Constans, N.Vignal, V.Cantone, M. Richou, A.Durocher, B.Riccardi, I.Bobin, J.L. Jouvelot, M.Merola, Fusion Engineering and Design, Volume 84, Issues 2-6, June 2009, Pages 747-751
[2] Recent development toward the use of infrared thermography as a non destructive technique for defect detection in tungsten Plasma Facing Components, M. Richou, F. Escourbiac, M. Missirlian, N. Vignal, V. Cantone, B.Riccardi, Journal of nuclear materials, submitted
	CEA
	0.50
	6.00
	0.00
	0.00

	
	WP10-MAT-WWALLOY-05-01/CEA/BS
Investigation of the mechanism of sub-surface bubble nucleation in W from Density Functional Theory (DFT) calculations 

The work successfully performed within EFDA by SRMP in 2003-2005 (TW3&4-TTMS-007-D02) allowed us to better understand the solution, migration and nucleation properties of He in a bcc Fe matrix, and pointed out the abilities and drawbacks of existing Fe and Fe-He empirical potentials in describing He in α-iron. The studies done within 2006-2007 (TW6-TTMS-007-D02) gave a first quantitative insight on elementary properties of He in representative tilt symmetric grain boundaries in Fe and showed the abilities of DFT calculations to describe He near extended structural defects such as surfaces and grain boundaries. Base on previous extensive simulation experiences, we propose the investigation of He behaviour in W:

First, an optimized localized basis set within SIESTA approach has been bult in 2008 that allows to achieve an ‘efficient’ description of W-based systems, where ‘efficiency’ means a good compromise between accuracy and computational cost. Then, properties and relative stabilities of low index W surfaces will be investigated, and best solution sites and solution energies for He in W will be determined.

Second, vacancy and interstitial and substitutional He migration mechanisms and activation energies in the bulk and near most stable surfaces are studied as functions of temperature and He and point defects concentrations in 2009. The results will be discussed in the light of existing experimental data.

Finally, the interaction of He with vacancies and SIAs and stabilities of small HenVm clusters – precursors of He bubbles -- in the bulk and near most stable surfaces will be investigated in detail in 2010.

These ab initio calculations will be performed in the framework of the Density Functional Theory in the Generalized Gradient Approximation (DFT-GGA) using the SIESTA code. We have shown through previous results that this method provides an accuracy comparable to that of reference planewave codes, but with much less computational efforts which makes it very suitable to simulate extended defects such as surfaces.
	CEA
	0.40
	13.00
	0.00
	0.00

	
	WP10-MAT-WWALLOY-05-02/CEA/BS
Modelling dislocations in W from first principles 

The goal of this work is to provide knowledge on basic properties of <111> screw dislocations in W-base materials, using Density Functional Theory (DFT) calculations, and in particular on the "chemistry" of solutes for improving the ductility. Five different solutes will be investigated: transmutation products (Re and Os) and alloying elements (Ta, V, and Nb) proposed for W-alloys for thimbles. 

We will first compare the efficiencies of the Siesta code with localized basis sets (used in 2009) and of the PWSCF code with plane wave basis sets. The most efficient code will then be used to perform the DFT calculations. We will then calculate the Peierls stress in pure and alloyed W, and compare with the results obtained by Pippan et al. These authors have recently performed ab initio simulations on the effect of Re on screw dislocations in W. Their calculations have revealed an unexpected effect on the core structure with an interesting transition from a symmetric to an asymmetric core upon alloying. They have also obtained a significant reduction in the Peierls stress (R. Pippan et al. Proceedings of the 17th Plansee Seminar 2009 edited by L.S. Sigl, P. Rödhammer and H. Wilder Plansee Group Austria). We will reproduce this unexpected and important transition to an asymmetric core and try and understand its physical origin. We will in particular investigate whether this effect can be related to the d band filling by performing tight binding calculations. We will then study how the various solutes modify the core structure and calculate the solute-dislocation interaction energies, and the Peierls barriers. A systematics will be performed on various impurities to understand the effect of the addition or the removal of d electrons on the core structure. The variant of the resulting asymmetric core upon alloying could have an effect on the glide mechanism and the glide plane. The effect of solutes on the glide mechanism will be analyzed in the framework proposed by Trinkle and Woodward (Science 310, 1665 (2005)). 
	CEA
	0.50
	10.00
	0.00
	0.00

	
	WP10-MAT-WWALLOY-05-03/CEA/BS
Kinetic modeling of He and dpa in tungsten
The overall objective of this work is to simulate radiation damage in tungsten with He and H production in order to predict the evolution of the microstructure and the possibility of swelling or blistering using an object kinetic Monte Carlo (OKMC) model. For this modelling, the elementary physical phenomena associated with the point defects created and their interaction with the He and H produced have to be characterised. The role of the impurities most commonly found in tungsten has also to be investigated and in particular the interactions they establish with point defects as well as with the light elements. As these phenomena take place at the atomic level, this has to be done using state of the art ab initio calculations. 

The purpose of the ab initio calculations is to build a data base which can be used to parameterise a kinetic Monte Carlo model.

During the last three years, a great number ab initio calculations have been performed to build the data base. The basic properties of the elementary point defects in tungsten (and their clusters) as well He and H in tungsten (and their clusters) have been determined as well as their interactions with impurities (Mo, Re, C and Be). The choice of the impurity types was dictated by the experimental work of M.F. Barthe of CEMHTI, with whom a collaboration has been established. 

A first OKMC simulation of He desorption in W parameterised on these ab initio data was performed at the end of 2008. In 2009, some improvement of the OKMC model was done, mostly from the point of view of the modeling of the primary damage with the use of Binary Collision Approximation (BCA) (collaboration with M. Hou from Physique des Solides Irradiés et des Nanostructures CP234, Université Libre de Bruxelles, Belgium). During this time, the importance of the He cluster mobility was pointed out and one of the deliverable proposed for 2010 regards these clusters. It was for instance observed that 2He clusters were highly mobile and moved in 1D at low temperatures and 3D at higher temperatures. More work is needed to better characterise the motions of these clusters.

Ab initio molecular dynamics as well as molecular statics calculations will thus be performed using the VASP code in order to obtain information about the kind of motion the clusters perform and have some rough estimate our their migration energy. The calculations will be performed for clusters of size up to 10 He clusters.

In parallel to these tasks, the OKMC code will be modified in order to introduce in the model the possibility for these He clusters to be stopped by impurities. The binding energy of He with one impurity (C, H, Mo, Re, Fe, Ni and Be) has been previously determined, but new calculations will be performed to determine the binding energy of 2He and 3He clusters with these impurities. 

The changes in the OKMC code (the introduction of traps for He clusters) will probably necessitate the existing parameterization to be re-evaluated. 

New OKMC simulations of He desorption will be performed with the modified code and (if necessary) the new parameterisation as well as 8 keV He implantation simulation. Comparisons with the experimental data will be provided in the final year report.

This work will again be done in close collaboration with the laboratory of CEMHTI Orléans (Marie France Barthe) who will provide some of the experimental data and with M. Hou from ULB.
	CEA
	0.75
	22.00
	0.00
	0.00

	
	WP10-MAT-WWALLOY-05-04/CEA/BS
Study of vacancy defects in W: interactions with He and H isotopes (BASIC SUPPORT)
This study is joining within the framework of the modelling of the W behaviour under irradiation in the fusion reactors. This work is realised in collaboration with C. Becquart et al (LMPGM Lille) who focus on the calculations of the properties of defects (vacancies, interstitials and theirs complexes….) and impurities (He , H …) and on the simulation of some very well parametrized experiments. We have already obtained significant results on the vacancy defects (2,4) and He properties. Concerning He we have shown (1,3, 5) by making vary the conditions of its introduction (energy, fluence) that He can release from W at temperature higher than 1200C when its concentration is low or remained trapped for high concentration after annealing at high temperature (<1500C). We are carrying on this work in the framework of a larger collaboration with R. Schäublin (EPFL/CRPP) and P. Trocellier (SRMP/CEA Saclay) and O. Ogorodnikova and J. Roth from Max Planck Institute for Plasma Physics (To Be Confirmed)

In this new context we will focus on two main objectives:

1 He agglomeration in W
2 Hydrogen impact on the behaviour of Helium in W .
In these experiments, He and H is introduced by using ion beam implantation or plasma (collaboration with Max Planck Institute for Plasma Physics) . 

Positron annihilation spectroscopy (PAS) is performed to characterize vacancy defects

TEM will be used to observe the eventual extended defects (bubbles, cavities…) induced in W by implantation of He alone, and He implantation with concomitant dpa introduction and He+H co-implantation. 

NRA (plus TDS in the case of He) will be used to follow the He desorption and when the concentration is high enough the depth profiles.

Some He, H co-implantations and He-dpa introductions will be carried out by using multiple beams in Jannus (Saclay) (see proposal by CEA (P. Trocellier). These experiments are subjected to JANNUS committee agreement. 
	CEA
	0.50
	16.00
	0.00
	0.00

	
	WP10-MAT-WWALLOY-05-06/CEA/BS
Open access to Jannus facility: behaviour of tungsten-based materials under ion irradiation (single or multiple) (PRIORITY SUPPORT)
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 deals with actions relevant to tungsten

The equivalent mono/dual/triple beam time corresponds to 120 hours for 2010 including ODS, W ALLOYS and SiC/SiC programs
	CEA
	0.23
	0.00
	0.00
	0.00

	
	WP10-MAT-WWALLOY-05-06/CEA/PS
Open access to Jannus facility: behaviour of tungsten-based materials under ion irradiation (single or multiple) (PRIORITY SUPPORT)
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 deals with actions relevant to tungsten

The equivalent mono/dual/triple beam time corresponds to 120 hours for 2010 including ODS, W ALLOYS and SiC/SiC programs
	CEA
	0.00
	0.00
	0.17
	90.00

	
	WP10-MAT-WWALLOY-05-08/CEA/BS
Study of vacancy defects in W: interactions with He and H isotopes (PRIORITY SUPPORT)
This study is joining within the framework of the modelling of the W behaviour under irradiation in the fusion reactors. This work is realised in collaboration with C. Becquart et al (LMPGM Lille) who focus on the calculations of the properties of defects (vacancies, interstitials and theirs complexes….) and impurities (He , H …) and on the simulation of some very well parametrized experiments. We have already obtained significant results on the vacancy defects (2,4) and He properties. Concerning He we have shown (1,3, 5) by making vary the conditions of its introduction (energy, fluence) that He can release from W at temperature higher than 1200C when its concentration is low or remained trapped for high concentration after annealing at high temperature (<1500C). We are carrying on this work in the framework of a larger collaboration with R. Schäublin (EPFL/CRPP) and P. Trocellier (SRMP/CEA Saclay) and O. Ogorodnikova and J. Roth from Max Planck Institute for Plasma Physics (To Be Confirmed)

. In this new context we will focus on two main objectives:

1 He agglomeration in W 

2 Hydrogen impact on the behaviour of Helium in W .

In these experiments, He and H is introduced by using ion beam implantation or plasma (collaboration with Max Planck Institute for Plasma Physics) . 

Positron annihilation spectroscopy (PAS) is performed to characterize vacancy defects

TEM will be used to observe the eventual extended defects (bubbles, cavities…) induced in W by implantation of He alone, and He implantation with concomitant dpa introduction and He+H co-implantation. 

NRA (plus TDS in the case of He) will be used to follow the He desorption and when the concentration is high enough the depth profiles.

Some He, H co-implantations and He-dpa introductions will be carried out by using multiple beams in Jannus (Saclay) (see the task sheet proposed by CEA (P. Trocellier). These experiments are subjected to JANNUS committee agreement.

 
	CEA
	0.08
	0.00
	0.00
	0.00

	
	WP10-MAT-WWALLOY-05-08/CEA/PS
Study of vacancy defects in W: interactions with He and H isotopes (PRIORITY SUPPORT)
This study is joining within the framework of the modelling of the W behaviour under irradiation in the fusion reactors. This work is realised in collaboration with C. Becquart et al (LMPGM Lille) who focus on the calculations of the properties of defects (vacancies, interstitials and theirs complexes….) and impurities (He , H …) and on the simulation of some very well parametrized experiments. We have already obtained significant results on the vacancy defects (2,4) and He properties. Concerning He we have shown (1,3, 5) by making vary the conditions of its introduction (energy, fluence) that He can release from W at temperature higher than 1200C when its concentration is low or remained trapped for high concentration after annealing at high temperature (<1500C). We are carrying on this work in the framework of a larger collaboration with R. Schäublin (EPFL/CRPP) and P. Trocellier (SRMP/CEA Saclay) and O. Ogorodnikova and J. Roth from Max Planck Institute for Plasma Physics (To Be Confirmed)

. In this new context we will focus on two main objectives:

1 He agglomeration in W 

2 Hydrogen impact on the behaviour of Helium in W .

In these experiments, He and H is introduced by using ion beam implantation or plasma (collaboration with Max Planck Institute for Plasma Physics) . 

Positron annihilation spectroscopy (PAS) is performed to characterize vacancy defects

TEM will be used to observe the eventual extended defects (bubbles, cavities…) induced in W by implantation of He alone, and He implantation with concomitant dpa introduction and He+H co-implantation. 

NRA (plus TDS in the case of He) will be used to follow the He desorption and when the concentration is high enough the depth profiles.

Some He, H co-implantations and He-dpa introductions will be carried out by using multiple beams in Jannus (Saclay) (see the task sheet proposed by CEA (P. Trocellier). These experiments are subjected to JANNUS committee agreement.
	CEA
	0.00
	0.00
	0.10
	6.00

	
	WP10-MAT-WWALLOY-05-07/CEA
Study of the evolution of the microstructure of tungsten-based materials under ion irradiation (single or multiple)
This proposal from the Saclay’s group takes place in the frame of a collaborative research project developed with Marie-France Barthe from CNRS-CEMHTI Orléans. The aim of this project for the year 2010 is to study the evolution of the microstructure of pure tungsten under ion irradiation using the available multi-irradiation facility JANNUS. The interaction mechanisms between defects induced in ultra-pure W by low energy heavy ion irradiation and gas atoms (He or H) introduced by implantation will be specifically explored. A fine characterization of the irradiated/implanted samples would lead us to a better understanding of the interaction mechanisms gas atom/defect. The program will be extended to tungsten alloys in 2011

Our proposal is divided in several complementary steps:

1) implantation of low energy He and/or H atoms in W followed by structural and physico-chemical characterizations ;

2) co-irradiation damage (using Fe or W ions) from 0.5 to 20 dpa at 1 m depth + low energy He implantation followed by structural and physico-chemical characterizations ;

3) pre-damaging of W by low energy heavy ions and post-implantation experiments (He/H) to study the interactions between defects and gas atoms + complementary structural and physico-chemical characterizations.

As helium and hydrogen would respectively be introduced in W-based materials in both ways: 3He/4He and 1H/2H, their volumic distributions will be measured by ion beam analysis techniques: NRA (for 2H and 3He), 4He induced ERDA (for 1H) and heavy ion induced ERDA (for 4He). CNRS-CEMHTI Orléans will pursue the application of positron annihilation spectroscopy (Doppler broadening) to evaluate the vacancy population induced by irradiation.
	CEA
	0.50
	20.00
	0.00
	0.00

	
	WP10-MAT-WWALLOY-01-01/CIEMAT/BS
Fabrication Process Development
Objectives: 
- To determine optimal composition of binary (Ti-Cu and Ti-Fe) and ternary (Ti-Cu-Fe) alloys to be used as brazes for high temperature applications (800 – 1200 C) for brazing pure tungsten to pure tungsten (W-W).

- To develop fabrication method for designed low activation alloys based in Ti for W-W brazing 

- To analysed brazeability problems associated to the application of the designed filler metals; mainly, cracking associated to CTE mismatch and interdiffusion problems. 

Method:
1. Selection of Ti based binary alloys candidates for W-W brazing

2. Design of low activation Ti braze alloys by phase diagram computation using ThermoCal software, with brazing temperatures in the range of850 to 1050 C. 

3. Fabrication of binary and ternary Ti based brazes by induction melting and thermal spraying 

4. Characterization of developed brazes including Determination of solidus and liquidus temperatures and Identification of phase transformations during cooling 

5. Brazeability study of W-W and W-WL10 joints with developed brazing fillers (wettability, microstrutural and micromechanical characterization)

- Facilities and equipments:
· Equipment for metallographic preparation 

· Optical metallographic microscope equipped with an image analysis system

· Environmental scanning electron microscope with analytical facilities 

· Field emission scanning electron microscope with analytical facilities

· 200 kV transmission electron microscope with analytical facilities 

· X-Ray diffractometer

· Vickers microhardner

· MTS-XP and Hysitron Nanoindenters 

· High induction furnace for melting high temperature alloys

· Vacuum furnace for brazing tests 
	CIEMAT
	0.80
	20.00
	0.00
	0.00

	
	WP10-MAT-WWALLOY-02-01/CIEMAT/BS
Structural Material Development
Fabrication of 4 different alloys with: W-Ti-Y2O3, W-V-Y2O3, W-Ti-La2O3 and W-V-La2O3. The alloys will be produced by mechanical alloying, and consolidation by HIP and/or sintering in hydrogen

Microstructural characterization (RX, SEM, TEM, AFM, SThM). Study of recrystallization, grain coarsening and thermal stability of the reinforcement oxides.

Objectives:
- Produce laboratory scale batches of W-Ti and W-V alloys with an oxide dispersion of nanometric yttria and lantana, to supply samples for mechanical characterization. Optimize the production method to obtain materials with fine-grained and stable microstructure that favours the improvement of the mechanical properties.

- Microstructural characterization of the produced alloys.

- Supply materials for mechanical testing by the Spanish UPM group.

- Facilities and equipments:
· Attritor and planetary type ball mills

· Furnace for hot isostatic pressing up to ~ 1900 C and 200 MPa in pure Ar

· Metallographic microscope equipped with an image analysis system

· Scanning electron microscope

· Analytical transmission electron microscope 

· X-Ray diffractometer

Laser particle size analyser.

He ultrapycnometer

LECO N-O-C-S analyser.

Microhardness tester and nanoindentor.

Atomic Force Microscopy 

Scanning Thermal Microscopy
	CIEMAT
	2.00
	19.00
	0.00
	0.00

	
	WP10-MAT-WWALLOY-02-02/CIEMAT/BS
Structural Material Development
-Objectives:
1. Characterize and improve the mechanical properties of W alloys.

2. Evaluate the effect of the oxide dispersion, and impurities such as V, Y2O3, Ti, La2O3, on the mechanical behaviour of W.

3. Analyze the effect of the ambient atmosphere in the mechanical properties.

4. Fractographical characterization of the alloys.

5. Determination of the connection between microstructuture and macroscopic mechanical properties.

6. Contribute to the optimization of the production method to obtain materials with fine-grained and stable microstructure that favours the improvement of the mechanical properties.

- Method:
The effect of the alloying elements, their content, grain size and microstructure of the material on the mechanical properties will be investigated in the temperature range 77–1600 K, as follow:

• Three point bending tests will be made using miniaturized specimens to measure the bending strength and the fracture toughness of the supplied W alloys. The results will be compare with a reference W.

• Test will be performed at different temperatures, ambient conditions (oxidative an inert atmosphere) and loading rates to find information about the DBTT.

• Microscopic (OM and SEM) analysis will be performed on the fracture surfaces of the samples of the tested alloys.

- Facilities and equipments:
The Materials Science Department of UPM has a wide variety of facilities and techniques for materials characterization under very extreme conditions of temperature (77 to 1600 K), strain rates, corrosive environments, in high vacuum, etc. Also, advanced tools are available for fractographic characterization and mechanical modelling.

Furnaces for thermal treatment

X-Ray system for residual stresses measurement

Hardness, microhardness tester and nanoindentor.

Tribological testing machine

Servo hydraulic and servo mechanical testing machines

Furnaces, environmental and cryogenic chambers for mechanical testing between 77 and 1900 K in different environments.

A mechanical testing furnace for the characterization of materials in inert atmosphere at high temperature

Conventional contact resistive extensometers (from 4 to 1700 K), and advanced non-contact extensometers systems (laser extensometer, video extensometer, speckle extensometer, deformation fields, …)

A wide variety of grips for different kind of specimens and materials.

Load cells with capacities from 5 mN to 3 MN

Scanning electron microscope with X-ray microanalysis 

Optical microscope with quantitative image analysis system 
	CIEMAT
	0.75
	60.00
	0.00
	0.00

	
	WP10-MAT-WWALLOY-03-01/CIEMAT/BS
Armour Material Optimisation
Within the ExtreMat project, thin films of self-passivating W-based alloys have been developed at IPP-Garching by magnetron sputtering; best performance was found for a composition of WSi10Cr10 in wt%, by which a self-passivating protective oxide layer is formed at 1000C and a strong reduction of oxidation rate is observed compared to pure W [1]. However, thin sputter films are not suitable for application in a future reactor, for which either thick coatings of bulk materials are required. A feasible way for producing bulk W-Si-Cr alloys is powder metallurgy (PM). During the period 2008-2009 first results have been obtained at CEIT, which permitted to select the most appropriate starting powders, to discard liquid phase sintering as possible manufacturing route, and to perform first trials on mechanical alloying (MA). 

The overall objective of the present work is to manufacture W-Si-Cr alloys via PM with optimized amount of alloying elements (probably lower than required for thin films) in view of obtaining the best possible oxidation resistance in the required temperature range, together with sufficiently high thermal conductivity and optimized microstructure (UFG) to achieve high recrystallization temperature and low DBTT.

References: [1] F Koch, S Köppl and H Bolt, Self passivating W-based alloys as plasma-facing material, J. Nucl. Mat. 386–388 (2009) 572–574

- How they will be performed:
Based on the results obtained in the previous period, the proposed actions are the following:

- Explore and optimize the processing route via MA + HIP:

-Find optimum parameter for MA of initial powders, both in SPEX and planetary ball mill to achieve finely dispersed particles and low amount of impurities: vials, milling medium, milling time, tec.

-Optimize compaction of powders prepared by MA: at RT or at higher temperature; compaction in metal capsule etc.

-Explore and optimize best encapsulation method: glass capsule or metal can

-Explore and optimize parameters for HIP: temperature, pressure, dwell time, heating rate. The purpose is to densify the material avoiding grain growth as much as possible

-Characterization during processing and of final material: density and porosity, microstructure, thermal conductivity (in collaboration with IPP Garching), mechanical properties (indentation, tensile and compression tests, toughness by Barker and/or notched 3PB tests; initially at RT)

- Explore and optimize processing route via High Pressure torsion (HTP); characterization of samples (same as previous)

- Oxidation tests in temperature range 800-1000C (in collaboration with IPP Garching)

- According to results, selection of optimum alloy composition.

- Test Facilities used:
- For mechanical alloying: Planetary ball mill; SPEX mill

- For powder processing (compaction/sintering/densification): uniaxial press, CIP; hot press; sintering furnace up to 1800C able to work under vacuum and reducing atmosphere (W heating elements); HIP (up to 2000C and 200 MPa)

- For alternative manufacturing route: High Pressure Torsion (HTP) equipment

- For materials characterization: Hg-porosimetry, He-pycnometer; FEG-SEM, STEM, FESEM-dual beam FIB, XRD.

- For mechanical properties: Nanoindenter II and Triboindenter; conventional mechanical tests machines

For oxidation tests at CEIT: TG/DTA; furnace 
	CIEMAT
	2.45
	12.00
	0.00
	0.00

	
	WP10-MAT-WWALLOY-05-01/ENEA_Frascati/BS
Materials Science and Modelling

The Computational Materials Science and Technology(CMAST, www.afs.enea.it/project/cmast) laboratory has a consolidated experience in modelling the atomic structure, the thermodynamics and mechanical properties of materials and complex molecules by means of empirical potentials and ab-initio models. Several numerical codes are available in the laboratory and they are used mainly on the ENEA CRESCO high performance computational platform (www.cresco.enea.it).

To address the study of W and its alloys the ab-initio CPMD (Car-Parrinello Molecular Dynamics, www.cpmd.org) code will be used. This numerical code allows the accurate study of materials taking into account explicitly the contribution of the electronic structure. It will be possible to perform both total energy calculations on predefined atomic structures and to study the evolution of the material changing the external temperature.

Firstly a reliable physical model for W will be prepared, then total energy calculations will be performed to check if the model can reproduce experimental structural properties. The same procedure will be performed for all the elements that will be considered: Ta, Re, V etc. This first part of the work, focused on the physical model, will take 1/3 of the year and will allow the production of a general framework that will be used for all the project.

Then ab-initio calculations on the formation enthalpy of the W-Re and W-Ta will be computed at selected values of concentrations. Temperature analysis of the structural properties of the W-Ta and W-V alloys will be performed for the understanding of the phase stability. 

Moreover it will be possible to start a study on the irradiated point defects changing the concentrations of alloying elements. Radiation damage will be addressed by performing non-equilibrium molecular dynamics simulations of the irradiation of the microstructures. The effect of radiation spectra will be simulated by input distributions of PKA (primary knock-on atom) kinetic energy. Effects of He and H contamination on the microstructure properties (e.g., segregation at grain boundaries and dislocation cores) will be included. 
	ENEA_Frascati
	1.00
	20.00
	0.00
	0.00

	
	WP10-MAT-WWALLOY-01-03/FOM_NRG/BS
Fabrication Process Development
HEMJ type finger and tile parts will be produced by Injection-Moulding for a selected grade of tungsten(alloy). A perspective for mass manufacturing of such parts will be provided based on present-day industrial experience.
	FOM_NRG
	0.02
	0.00
	0.00
	0.00

	
	WP10-MAT-WWALLOY-01-03/FOM_NRG/PS
Fabrication Process Development
HEMJ type finger and tile parts will be produced by Injection-Moulding for a selected grade of tungsten(alloy). A perspective for mass manufacturing of such parts will be provided based on present-day industrial experience.
	FOM_NRG
	0.00
	0.00
	0.00
	20.00

	
	WP10-MAT-WWALLOY-02-02/FOM_NRG/BS
Structural Material Development

Basic Characterisation 

Bending and tensile testing and thermal diffusivity measurements will be performed at elevated temperatures and microstructural analysis on the materials produced
	FOM_NRG
	0.11
	9.20
	0.00
	0.00

	
	WP10-MAT-WWALLOY-02-03/FOM_NRG/BS
Structural Material Development
Selected W-Ta W-V and W-Ti materials will be produced by an industrial metal injection moulding technology


	FOM_NRG
	0.01
	0.00
	0.00
	0.00

	
	WP10-MAT-WWALLOY-02-03/FOM_NRG/PS
Structural Material Development
Selected W-Ta W-V and W-Ti materials will be produced by an industrial metal injection moulding technology (Charpy and tensile specimens)
	FOM_NRG
	0.00
	0.00
	0.00
	40.00

	
	WP10-MAT-WWALLOY-03-01/FOM_NRG/BS
Armour Material Optimisation
ad II. Microstructural investigations + Hardness test+ tensile +thermal diffusivity. Specimens will be provided for thermal shock testing at FZJ


	FOM_NRG
	0.07
	3.80
	0.00
	0.00

	
	WP10-MAT-WWALLOY-03-02/FOM_NRG/BS
Armour Material Optimisation
ad I. Materials optimisation/Production b)

W-ODS materials will be produced by an industrial metal injection moulding technology

ad I. Materials optimisation/Production c)

W-Cr_Si(Zr) alloys will be produced by an industrial metal injection moulding technology


	FOM_NRG
	0.01
	0.00
	0.00
	0.00

	
	WP10-MAT-WWALLOY-03-02/FOM_NRG/PS
Armour Material Optimisation
ad I. Materials optimisation/Production b)

W-ODS materials will be produced by an industrial metal injection moulding technology

ad I. Materials optimisation/Production c)

W-Cr_Si(Zr) alloys will be produced by an industrial metal injection moulding technology


	FOM_NRG
	0.00
	0.00
	0.00
	30.00

	
	WP10-MAT-WWALLOY-04-01/FOM_NRG/BS
Irradiation Performance Testing

Pre and post irradiation data will be collected from external projects in particular the EXTREMAT integrated project. A summary report will be provided


	FOM_NRG
	0.03
	0.00
	0.00
	0.00

	
	WP10-MAT-WWALLOY-03-02/FZJ/BS
Armour Material Optimisation - Testing of different tungsten grades under quasi-stationary thermal loads using H/He beam and e-beams
Tungsten under quasi-stationary thermal loads
The goal of this activity is a comparative study of the thermal fatigue behaviour of different tungsten materials under pure thermal load and H/He beam loading. Identical thermal loading will be performed in the electron beam facility JUDITH (“pure” thermal loading without particle flux) and with H/He beams in the GLADIS facility to investigate the crack formation due to the contribution of the neutral particle bombardment 

After a pre-characterisation, performed at IPP, tungsten samples will be loaded in the GLADIS and the JUDITH high heat flux facilities with several hundred pulses at 10-20 MW/m under identical thermal conditions. 

An extensive post-characterisation will be performed at IPP, comprising SEM and FIB analysis as well as an analysis of the gas retention.
	FZJ
	0.10
	2.00
	0.00
	0.00

	
	WP10-MAT-WWALLOY-03-03/FZJ/PS
Armour Material Optimisation - Testing of different tungsten grades under repeated transient loads
Joint characterization of the reference W-batch delivered in 2009
The improved tungsten grade manufactured by a double forging process to provide almost isotropic grain shape will be submitted to ITER specific ELM-loads in the electron beam test facility JUDITH. In these tests the material will be used in two states (as received in a stress relieved state (1000C) and after heat treatment at 1600C for 1 h). Test coupons of these grades will be exposed to repeated transient thermal loads with energy densities up to 1.3 MJ/m2 for a pulse duration of 1.0 ms; these thermal load tests will be carried out up to 10,000 thermal cycles to allow quantitative analyses of the crack initiation and growth in logarithmic scale (i.e. 1, 10, 100, 1000, and 10000 cycles). Extensive material characterization (non-destructive and destructive) will be applied to quantify the thermally induced material degradation.

Beside the above mentioned reference tungsten material additional improved tungsten grades, which have turned out to show a rather low crack initiation threshold, will also be imbedded in the test matrix. The knowledge of the degradation thresholds as a function of the number of applied thermal cycles is essential to complete the data bases of these materials and to derive rules for the material performance in dependence on the micro-structural characteristics.

The characterization activities will be accomplished in close collaboration with SCK•CEN; here the analyses are focused on the mechanical characterization of the double-forged tungsten grades from the reference batch delivered in 2009.
	FZJ
	0.00
	0.00
	0.75
	20.00

	
	WP10-MAT-WWALLOY-03-01/IPP/BS
Armour Material Optimisation
Development and Fabrication of oxidation resistant W-alloys for armour application: 

Joint development of self passivating tungsten based alloys, studies on oxidation behaviour and characterisation via X-ray diffraction (IPP Garching, Germany) and manufacturing of bulk alloys by powder metallurgical processes (CEIT [CIEMAT], Spain) and following full characterisation.

W-Si-Cr self-passivating ternary alloys have been developed by thin film deposition by IPP. Studies have been started to manufacture such alloys by powder metallurgical processing by CEIT.

The goal of the activities is the development of alloys with improved oxidation resistance at a low level of alloying elements. Promising candidates are quaternary alloys, especially W-Si-Cr-Y and W-Si-Cr-Zr. The study of the oxidation behaviour will be done initially on thin films by IPP. The investigation of applicable manufacturing methods on the basis of powder metallurgy for bulk material will be done by CEIT in collaborative efforts with IPP. Bulk alloy materials will be prepared by CEIT, oxidation testing and characterization of these bulk materials will be performed by IPP.
	IPP
	0.50
	0.00
	0.00
	0.00

	
	WP10-MAT-WWALLOY-03-01/IPP/PS
Armour Material Optimisation
Development and Fabrication of oxidation resistant W-alloys for armour application: 

Joint development of self passivating tungsten based alloys, studies on oxidation behaviour and characterisation via X-ray diffraction (IPP Garching, Germany) and manufacturing of bulk alloys by powder metallurgical processes (CEIT [CIEMAT], Spain) and following full characterisation.

W-Si-Cr self-passivating ternary alloys have been developed by thin film deposition by IPP. Studies have been started to manufacture such alloys by powder metallurgical processing by CEIT.

The goal of the activities is the development of alloys with improved oxidation resistance at a low level of alloying elements. Promising candidates are quaternary alloys, especially W-Si-Cr-Y and W-Si-Cr-Zr. The study of the oxidation behaviour will be done initially on thin films by IPP. The investigation of applicable manufacturing methods on the basis of powder metallurgy for bulk material will be done by CEIT in collaborative efforts with IPP. Bulk alloy materials will be prepared by CEIT, oxidation testing and characterization of these bulk materials will be performed by IPP.
	IPP
	0.00
	0.00
	0.00
	10.00

	
	WP10-MAT-WWALLOY-03-02/IPP/BS
Armour Material Optimisation
Development and Fabrication of oxidation resistant W-alloys for armour application: 

Joint development of self passivating tungsten based alloys, studies on oxidation behaviour and characterisation via X-ray diffraction (IPP Garching, Germany) and manufacturing of bulk alloys by powder metallurgical processes (CEIT [CIEMAT], Spain) and following full characterisation.

W-Si-Cr self-passivating ternary alloys have been developed by thin film deposition by IPP. Studies have been started to manufacture such alloys by powder metallurgical processing by CEIT.

The goal of the activities is the development of alloys with improved oxidation resistance at a low level of alloying elements. Promising candidates are quaternary alloys, especially W-Si-Cr-Y and W-Si-Cr-Zr. The study of the oxidation behaviour will be done initially on thin films by IPP. The investigation of applicable manufacturing methods on the basis of powder metallurgy for bulk material will be done by CEIT in collaborative efforts with IPP. Bulk alloy materials will be prepared by CEIT, oxidation testing and characterization of these bulk materials will be performed by IPP.
	IPP
	1.10
	0.00
	0.00
	0.00

	
	WP10-MAT-WWALLOY-03-04/IPP/BS
Armour Material Optimisation
W & W-alloys under First Wall & Divertor condition, subjected to H and He neutral-beams
Joint comparative study of thermal fatigue mechanism and crack propagation of W and W alloys under pure thermal load (JUDITH facility, FZ Juelich) and with H/He particle flux (GLADIS facility, IPP Garching)

The goal of this activity is a comparative study of the thermal fatigue behaviour of different tungsten materials under pure thermal load and H/He beam loading. Identical thermal loading will be performed in the electron beam facility JUDITH (“pure” thermal loading without particle flux) and with H/He beams in the GLADIS facility to investigate the crack formation due to the contribution of the neutral particle bombardment 

After a pre-characterisation, performed at IPP, tungsten samples will be loaded in the GLADIS and the JUDITH high heat flux facilities with several hundred pulses at 10-20 MW/m under identical thermal conditions. 

An extensive post-characterisation will be performed at IPP, comprising SEM and FIB analysis as well as an analysis of the gas retention.


In 2010, sample procurement, pre-characterisation, and first HHF tests are planned. 
	IPP
	1.40
	22.40
	0.00
	0.00

	
	WP10-MAT-WWALLOY-03-05/IPP/BS
Armour Material Optimisation
Development and Characterisation of Wf/W Composites
Tungsten fibre / tungsten matrix composites shall show a so-called “pseudo toughness”, similar to the behaviour of ceramic matrix composites reinforced with ceramic fibres. Toughness is supposed to be enhanced through the energy dissipation at engineered fibre/matrix interfaces and is caused by the controlled crack deflection and friction. As this is a mechanical effect, there is reasonable hope that the toughness will withstand embrittlement during operation conditions.

Tungsten single fibre composites have been fabricated by CVD (Chemical Vapour Deposition) and characterized by IPP. Presently, a program is ongoing where a multi-fibre composite is developed and manufactured by CVI (Chemical Vapor Infiltration).

The goal of the activities is the proof of principle of the proposed composite design. Therefore, the feasibility of producing a dense composite consisting of a tungsten fibre and a tungsten matrix has to be shown. A promising and already started attempt is by the CVI technique. In addition, the capability of a powder metallurgical manufacturing route will be evaluated. The manufactured composite will then be characterized with respect to its mechanical and microstructural properties at IPP. The mechanical characterization will be assisted by in situ synchrotron X-ray tomography at ESRF, Grenoble. The embrittlement stability will be shown by mechanical testing after heating above the recrystallisation temperature. 
	IPP
	1.00
	10.00
	0.00
	0.00

	
	WP10-MAT-WWALLOY-01-01/IPP-CR/BS
Development of W/Fe functionally graded materials using laser deposition.
(Continuation of the EFDA task carried out in 2009)

Processing of tungsten-based functionally graded materials (FGMs) from tungsten powder is proposed. These materials have potential application as a heat-protection armor, in fusion reactor components, e.g. in DEMO. The graded intermediate layer between tungsten parts, exposed to plasma, and steel or copper construction or heat sink parts serves to decrease thermal-induced stresses at the interface. 

The main processing technique is powder laser deposition (also called laser cladding or laser spraying).

The goal for 2009 was initial development and basic characterization of layers produced by laser deposition of tungsten powder using a range of laser parameters.
In 2010, further development, optimization and characterization is planned, using the following approaches:

(i) Laser deposition of tungsten powder with various grain diameter
(ii) Laser deposition of various combinations of tungsten and steel powder
(iii) Laser treatment after spraying
(iv) Powder HIPing and plasma spraying as alternative methods

The main aim of the investigation is to explore the physical processes taking place during formation of the layers and to determine the relationships between processing conditions and morphological and compositional characteristics. Correlations with thermal and mechanical properties of the FGMs will be studied and optimization of these properties will be performed. Finally, the results of the different techniques will be compared.
	IPP.CR
	0.95
	5.00
	0.00
	0.00

	
	WP10-MAT-WWALLOY-01-01/IPPLM_Poland/BS
W /steel and W/W joints fabrication route based on pulse plasma sintering method
W/Eurofer steel and W/W joints will be produced by pulse plasma sintering method. Different materials will be tested as a transition layer selected to decrease the thermal stresses. Low activation materials such as titanium and iron based alloys will be studied. Direct bonding of the joint materials will be also investigated. The microstructure of joints and materials used as interlayers will be examined using various microscopic and analytical techniques. The conditions of the joints production will be determined. Deliverables: Report on: Development of W/steel and W/W joining technology by PPS method Microstructure characterization of received joints and interlayers 
	IPPLM
	1.01
	29.00
	0.00
	0.00

	
	WP10-MAT-WWALLOY-01-02/IPPLM_Poland/BS
W /steel joints fabrication route based on explosive bonding
W/Eurofer steel joints will be produced by explosive bonding. Direct bonding and joining with a use of technological interlayers will be investigated. The joints will be produced by EXPLOMET company (www.explomet.pl) that concentrates its activities on application and development of explosive metal processing. The microstructure and mechanical properties of the fabricated joints will be investigated. The explosive bonding technology is especially suitable for joining large plain surfaces. Therefore the developed joining technique is foreseen for production of first wall components. Deliverables: Report on development and microstructural and mechanical characterization of fabricated joints. 
	IPPLM
	0.70
	26.00
	0.00
	0.00

	
	WP10-MAT-WWALLOY-05-01/IPPLM_Poland/BS
First-Principles Based Study of Phase Stability and Radiation Defect Structures in Tungsten-Vanadium and Tungsten-Tantalum Alloys
The main motivation of this project is to develop theoretical understanding of tungsten-based alloys in support of experimental work in this area, through the use first-principles modelling as a tool for predicting thermodynamic stability and kinetic evolutions under neutron irradiation in tungsten alloys. We choose tungsten-tantalum and tungsten-vanadium alloys because they are possible candidate materials for DEMO divertor applications, have high melting point, and may show improved ductility and fracture toughness in comparison with pure W. The available experimental phase diagrams for W-Ta and W-V alloys describe the high temperature limit close to the melting point. These diagrams exhibit only the solid solution phases and show no ordered intermetallic phases that in principle should be expected to form at low temperatures. This project has been initially supported (May-July 2009) by the EURATOM mobility program through an eight-weeks visit to the UKAEA by Mr. Marek Muzyk, a PhD student from the Warsaw University of Technology (WUT). The visit has been successful and the results were presented at the Fusion Topical Group Meeting on W-alloys in July 2009. Also, an abstract involving the three institutions has been accepted for presentation at the Barcelona Conference on “Development of New Structural Materials for Advanced Fission and Fusion Reactor Systems” in October 2009. The origin of phase transformations and precipitates in irradiated alloys are the open problems for materials modelling and experimental validation. The objectives for this proposed task are: (i) To develop quantitative understanding of phase stability of bcc W-Ta and W-V alloys from low to high temperature regions, using density functional theory (DFT) calculations and cluster expansion (2009-2010). (ii) To investigate the effect of Ta and V alloying on irradiated point defects (vacancies and self-interstitial atoms (SIA)) for a range of concentrations of alloying elements in W alloys (2009-2010). Description of the work foreseen (i) The first part of this work is focused on the experimental equilibrium phase diagrams of binary alloys W-Ta and W-V that are presently known in the high temperature limit, close to the melting points. We will be using DFT parallelized codes VASP to study the phase stability of these alloys at different concentration, in combination with the cluster expansion (CE) method implemented within the Alloy Theoretic Automatic Toolkit (ATAT). This will allow the determination of the enthalpy of mixing for various bcc alloy configurations and the effective cluster interaction parameters (ECI) from these total energy calculations. This procedure will be iterated in order to search the lowest enthalpy of mixing configurations for W-Ta and W-V alloys defined on the bcc lattice. The free energy of these binary alloys can be found by using Monte Carlo simulations. (ii) The second part of this task is linked to earlier theoretical predictions, by the UKAEA group, of the most stable configuration of SIA defect in pure bcc-W. The stability of self-interstitial and vacancy configurations will be investigated for a range of concentration of alloying elements, and migration pathways will be investigated using the Nudged Elastic Band (NEB) calculations to quantify the rates of diffusion of SIAs and vacancy defects in W-Ta and W-V alloys. (iii) The final part of this task is to use DFT method to calculate elastic constants for different ordered W-Ta and W-V alloys predicted from the above thermodynamic studies. A particular attention will be paid for investigating anisotropic elastic properties of tungsten alloys under alloying Ta and V. Deliverables foreseen in 2010 (i) Phase stability in W-Ta and W-V alloys in bcc phases at low and finite temperature regions by using DFT, CE and Monte-Carlo simulations. (ii) Point defect (vacancy and SIA) calculations for W-Ta and W-V alloys (iii) Migration pathways for point defects by NEB calculations in W-Ta and W-V alloys. 
	IPPLM
	0.80
	12.00
	0.00
	0.00

	
	WP10-MAT-WWALLOY-02-01/IST/BS
Structural Material Development

Laboratory powder metallurgy processing of W-Ta composites
Elemental powders or fibres of Ta and W will be subjected to mechanical alloying and consolidated by SPS or vacuum sintering. Characterization with XRD;SEM;TEM; hardness; density 
	IST
	0.60
	15.00
	0.00
	0.00

	
	WP10-MAT-WWALLOY-03-xx-01/IST
Armour Material Optimisation
Mechanical alloying of W-nTiC composites
Reactive milling and dispersion of nano TiC will be used to prepare W based materials. Characterization with XRD;SEM;TEM; hardness; and PIXE for milling media contamination. 
	IST
	0.60
	15.00
	0.00
	0.00

	
	WP10-MAT-WWALLOY-01-01/KIT/BS
Development of W-PIM parts

Objectives: Development of W-PIM (Powder Injection Moulding) parts for mass production

Activities: 

W-tile: PIM process optimisation, PIM trial production, qualification of the final product.

Deliverable 12/2010: Technical report on advances of W-PIM
	KIT
	0.80
	20.00
	0.00
	0.00

	
	WP10-MAT-WWALLOY-01-02/KIT/BS
Deep drawing of thimbles
Objectives: Perform deep drawing experiments with W-alloy plates

Activities: Developing of a mass-oriented fabrication route for thimbles by deep drawing.

Characterisation of the product

Deliverable 12/2010: Status report
	KIT
	0.30
	20.00
	0.00
	0.00

	
	WP10-MAT-WWALLOY-01-03/KIT/BS
Development of W-EUROFER and W-W joints by electro-chemical processes
Objectives: Development of W-EUROFER and W-W joints by electro-chemical processes

Activities: Continuation of work performed in 2008/09 by deposition of Ni and Cu scales for joining W-steel. The focus in 2010 concerning aqueous systems is on:

Analyzing of the diffusion behaviour W-Ni-Cu for determination / evaluation of required brazing times to guarantee optimal stability / performance under application.

Testing of galvanic deposition to replace Ni towards low activation elements (EUROFER-elements).

For the deposition of refractory metals development of ionic liquid electrolytes is required.

Testing of different IL’s e.g IMIM-Cl incl. the newest developments in IL’s will be considered and tested by model elements (e.g. Fe).

Evaluation of parameters and dependencies for selection promising IL’s towards deposition metals of as e.g. Ta up to Ti.

The refractory elements e.g. Fe, W, Ta will be the base for the high temperature joints W-W.

Deliverable 12/2010: Report on advances in joining by electro-chemical processes

 

 
	KIT
	0.70
	20.00
	0.00
	0.00

	
	WP10-MAT-WWALLOY-01-04/KIT/BS
Development of ECM maching process
Objectives: Development of ECM maching process

Activities: Continuation of the successfully performed basic development of ECM (electro-chemical-maching) of tungsten and fabrication of first demonstrators.

The development work in 2010 is focused on:

Development of ECM by DC pulsed power with frequencies up to 100 kHz to increase the accuracy in shaping.

Development of a better control of tool-workpiece distance during processing incl. forward feed.

Improvement of S-ECM to remove surface roughness and micro-cracks in castellation grooves of mechanically structured tiles or of sintered ones from e.g. PIM.

Introducing of W-alloys beyond WL10 into the ECM processing line.

Deliverable 12/2010: Technical report on advances in ECM
	KIT
	0.00
	0.00
	0.00
	0.00

	
	WP10-MAT-WWALLOY-01-09/KIT/BS
Development of diffusion bonded tungsten / EUROFER 97 joints
Objectives: Development of diffusion bonded tungsten / EUROFER 97 joints

Activities: Our previous activities showed that a direct diffusion bonding method between W & EUROFER does not yield sufficiently reliable bonds due to the very high thermal mismatch residual stresses and to the brittle intermetallic layer formed at the interface. 
Within this work we intend to introduce a thin insert layer with a thermal expansion coefficient between those of W and EUROFER, so that the thermal mismatch residual stresses can be reduced. In addition, the insert layer should avoiding diffusion from EUROFER to W, and thus forming the brittle intermetallic layer. A possible material for the insert layer is V and its reduced activation alloys. With the insert layer diffusion bonding experiments will be prepared and performed. Roughness and chemistry of involved surfaces will be beforehand analyzed and if necessary improved. The obtained diffusion bonds then are characterized by means of microstructural (EDX, AES) and mechanical (Charpy and tensile) investigations. Based on the investigation results the bonding method will be evaluated and accordingly improved.

Deliverable 12/2010: Intermediate report on property gradient joint between W & EUROFER
	KIT
	0.50
	30.00
	0.00
	0.00

	
	WP10-MAT-WWALLOY-01-13/KIT/BS
Development of W-Eurofer and W-W joints by brazing
Objectives: Development of W-Eurofer and W-W joints (brazing) 

Activities: 

First set of LA or RA braze alloys, starting with Ni-based then Ti-based alloys. 

Deliverable 12/2010: Technical report on braze joining of divertor parts


	KIT
	0.15
	10.00
	0.00
	0.00

	
	WP10-MAT-WWALLOY-01-14/KIT/PS
High heat flux tests on optimised finger module mock-ups
Objectives: High heat flux tests on optimised finger module mock-ups 

Activities: 
a) 1-finger and 9-finger mock-up manufacturing: 10 new optimized 1-f mock-ups, 1 new 9-f mockup

b) preparation and execution of HHF 1-finger and 9-finger tests at Efremov:10-15 MW/m2 heat load and 1000 heat load cycles

Deliverable: 12/2010: Technical report on HHF tests
	KIT
	0.00
	0.00
	0.75
	100.00

	
	WP10-MAT-WWALLOY-01-08/KIT/BS
Functionally graded tungsten / EUROFER 97 joints for divertor applications
Objectives: Development of functionally graded tungsten / EUROFER97 joints for divertor applications

Activities: Our finite element simulations performed so far show that a functionally graded joint between tungsten and EUROFER97 can drastically decrease the thermal mismatch stresses and strains occurring in divertor components and thus improve their failure behavior during thermal cycling. However, the functionally graded layer shall have a sufficient thickness what has been taken into account in the evaluation of the methods capable for the realization of functionally graded joints. Thereby the magnetron-sputtering (PVD) and the vacuum plasma spraying (VPS) are identified to be eligible and most promising.

Within this work, the fabrication of functionally graded tungsten / EUROFER97 joints will be investigated considering the PVD and VPS methods. Therefore experiments are foreseen, in which layers with different tunsten/EUROFER97 compositions will be deposited on tungsten substrates. The bonds obtained then are characterised by means of chemical, metallographical and micro-mechanical methods. Their thermal stability at temperatures up to 700C will be investigated in addition. Based on the results first functionally graded layers on tungsten substrates will be produced and analysed. 

Deliverable 12/2010: Intermediate report for property gradient joint between W & EURODER 
	KIT
	1.00
	25.00
	0.00
	0.00

	
	WP10-MAT-WWALLOY-02-01/KIT/BS
Mechanical characterization (tensile, fatigue) of W-alloys
Objective: mechanical characterization of new developed W-alloys, based on tensile tests, LCF tests and TMF tests in the relevant temperature region for fusion applications

Activities:
- Selected reference fatigue experiments on commercial tungsten material

- Depending on the availability of the W-alloys/materials: performance of tensile and fatigue tests

Deliverable 12/2010: Report on mechanical characterization tests performed
	KIT
	0.20
	20.00
	0.00
	0.00

	
	WP10-MAT-WWALLOY-02-04/KIT/BS
Basic fracture mechanical and microstructural characterisation of W-Ti, W-V, and W-Ta alloys
Objectives: Basic fracture mechanical characterisation of the tungsten base materials for structural applications in the interesting temperature window for fusion applications (RT-1300 C)

Activities: Inherent low fracture toughness of tungsten combined with the high ductile-to-brittle transition temperature are major drawbacks for structural application. Furthermore, fracture-mechanical (FM) properties are expected to exhibit strong anisotropy due to (i) different grain shape/orientation with respect to the rolling direction and (ii) texture.

FM characterization of different novel laboratory and industry scale W-based structural materials (W-Ti, W-V, W-Ta) in the interesting temperature window for fusion applications (RT-1300 C) wil be done. Emphasis will be put on the investigation of microstructure and load rate dependence of the fracture toughness (KIC). FM three point bending tests will be performed on pre-cracked bend-bar specimens. FM experiments on W-alloys for different load rates above 0.5 MPa m1/2/s will be performed in the alloys’ transition temperature ranges. High temperature FM experiments will be carried out up to temperatures of 1100-1300 C on selected alloys for selected load rates. FM experiments will be accompanied by detailed fractographic and microstructural investigations.

Deliverable 12/2010: Report on results obtained of basic characterisation

 
	KIT
	0.50
	40.00
	0.00
	0.00

	
	WP10-MAT-WWALLOY-02-06/KIT/PS
Coordination of the EFDA TG on Fusion Materials
Coordination of the EFDA TG on Fusion Materials Program as Co-Chair 
	KIT
	0.00
	0.00
	0.50
	0.00

	
	WP10-MAT-WWALLOY-02-xx-05/FZK
Characterisation of W-alloys by standard Charpy tests with KLST specimens
Typical commercial materials (and all available alloys of the EFDA programme) will be characterised by standard Charpy tests with KLST specimens up to 1100C. The influence of microstructure and DBTT as well as the fracture behaviour will be investigated. Therefore, besides standard metallographic methods also the focused ion beam slice technology will be applied to reconstruct 3d characteristics.
	KIT
	0.50
	5.00
	0.00
	0.00

	
	WP10-MAT-WWALLOY-03-01/KIT/BS
Mechanical characterization of W-ODS materials (W-Si-Cr, W-Y2O3, W-TiC) at temperatures up to 1600 C
Objectives: Refractory materials, like W or W-alloys, are presently considered as candidate armour/structural materials for helium cooled divertor and possibly for the protection of helium cooled first wall in DEMO designs. The goal is to optimise W-ODS armour materials, including a comprehensive characterization of these alloys. 

Activities:
The current proposal aims at mechanical characterization of the selected W-ODS materials, based on tensile tests, and fatigue tests in the interesting temperature region for fusion applications (up to 1600 C). 

- Tensile tests will be performed on standard specimens at temperatures up to 1600C and under different load velocities in order to determine standard material parameters (Young’s Modulus, yield strength, tensile strengths, etc.)

- Fatigue tests will be performed at temperatures up to 1600C at different total strain amplitudes to investigate the fatigue behaviour of the materials

Deliverable 12/2010: Technical report on basic characterization
	KIT
	0.20
	15.00
	0.00
	0.00

	
	WP10-MAT-WWALLOY-04-02/KIT/BS
Post irradiation examinations
An ion-irradiation at various temperatures at the JANNUS facility will help on the one hand finding the lowest irradiation temperature at which tungsten is not exhibiting a clear hardening and on the other hand serve quantifying the hardening occurring at lower temperatures. For determining appropriate irradiation conditions, detailed calculations will be done. In order of defining a programme meeting the needs, the data available (p.ex. in the EXTREMAT database) will be compiled and evaluated.

The PIE of the irradiated tungsten samples will be done in the Karlsruhe Hot Cell facilities with the indentation devices installed therein. Various micro indentation tests at different loads and with different indenters furnish classical hardness data as Vickers and Rockwell.

Further on, additional fracture mechanics information is obtained by evaluating cube-corner indents. Neural network analysis of multistage ball-indents furnishes a complete set of material parameters to be used in a viscoplastic material model, allowing estimating the materials tensile behaviour.

In 2010, these methods will be applied and adapted to tungsten material at room temperature. Additionally, preparations for PIE at temperatures up to 1000 C are done.

Fulfilling the Dec. 2010 milestone ("ion irradiated ... specimens") necessitates the availability of irradiated samples. As details for irradiation parameters, times, and costs are not known in detail so far, this aspect of the milestone should be depending on date of end of irradiation, p.ex. 12 months after irradiation or 6 months after availability of specimens in Karlsruhe.

However, the activity will have to be continued in 2011 by detailed PIE, also including tests at temperatures up to 1000C with a new device to be delivered in 2010. Microstructural analysis of the specimens by SEM and TEM will be done as well.

Performing irradiation and appropriate PIE will be a relevant step towards later small sample tungsten irradiation programs in fast reactors and even IFMIF.
	KIT
	0.60
	28.00
	0.00
	0.00

	
	WP10-MAT-WWALLOY-04-02/KIT/PS
Post irradiation examinations

An ion-irradiation at various temperatures at the JANNUS facility will help on the one hand finding the lowest irradiation temperature at which tungsten is not exhibiting a clear hardening and on the other hand serve quantifying the hardening occurring at lower temperatures. For determining appropriate irradiation conditions, detailed calculations will be done. In order of defining a programme meeting the needs, the data available (p.ex. in the EXTREMAT database) will be compiled and evaluated.

The PIE of the irradiated tungsten samples will be done in the Karlsruhe Hot Cell facilities with the indentation devices installed therein. Various micro indentation tests at different loads and with different indenters furnish classical hardness data as Vickers and Rockwell.

Further on, additional fracture mechanics information is obtained by evaluating cube-corner indents. Neural network analysis of multistage ball-indents furnishes a complete set of material parameters to be used in a viscoplastic material model, allowing estimating the materials tensile behaviour.

In 2010, these methods will be applied and adapted to tungsten material at room temperature. Additionally, preparations for PIE at temperatures up to 1000 C are done.

Fulfilling the Dec. 2010 milestone ("ion irradiated ... specimens") necessitates the availability of irradiated samples. As details for irradiation parameters, times, and costs are not known in detail so far, this aspect of the milestone should be depending on date of end of irradiation, p.ex. 12 months after irradiation or 6 months after availability of specimens in Karlsruhe.

However, the activity will have to be continued in 2011 by detailed PIE, also including tests at temperatures up to 1000C with a new device to be delivered in 2010. Microstructural analysis of the specimens by SEM and TEM will be done as well.

Performing irradiation and appropriate PIE will be a relevant step towards later small sample tungsten irradiation programs in fast reactors and even IFMIF.
	KIT
	0.00
	0.00
	0.00
	14.00

	
	WP10-MAT-WWALLOY-05-03/KIT/BS
Microstructure and micro-mechanics characterisation of W and W alloys
Objectives: Micro fracture mechanics with focus on texture

Activities:
There is a strong need to develop methods for the characterization of fusion materials on a microscopic scale.

In the proposed task we want to focus on the fracture of tungsten by testing small microbeams. Usually, specimens for micromechnical tests are produced by using focused ion beam machining. However, this preparation method is very time consuming and cost intensive, so that the number of specimens is limited. We have developed an effective and convenient pre-preparation method for such microbeams based on microelectric discharge machining. In the final preparation step, focused ion beam is only used to introduce the notch into the specimens and do some final finishing of the microbeams. 

The notched microbeams will then be loaded to fracture using a nanoindenter.The load is applied with the indentation tip at the free end of the microbeams and load and displacement are recorded for further evaluation. Furthermore, the fractured specimens will be investigated by SEM and electron backscattering diffraction to gain insight into the responsible failure mechanisms.

Besides the experiments at room temperature, we want to address the influence of the temperature on the fracture behaviour. A new specimen holder is planned to heat or cool the specimens, so that experiments at different temperatures will be possible. Since there is a comprehensive data base available in the literature, we have chosen tungsten single crystals as our starting material, which will allow a direct comparison of the microscale experiments with macroscopic fracture experiments.

Deliverable 12/2010: Microstructure and micro-mechanics characterisation of W and W-alloys


	KIT
	0.50
	20.00
	0.00
	0.00

	
	WP10-MAT-WWALLOY-01-01/MEdC/BS
Functional gradient W-steel materials by unconventional co-sintering routes
Development of functional gradient materials with reduced activity by co-sintering powders of W and Eurofer steel, with the goal of establishing a correlation between the sintering conditions, number of layers and the structure of the final material.
Different proportions of W-steel powders will be mixed (and/or mechanical alloyed) by ball milling. About 40 samples with 4 to 10 layers of these powders will be sintered by different routes using unconventional sintering like spark plasma, hot press or microwave. The composition and microstructure of the materials will be evaluated by SEM and EDX. Microhardness of the layers as well as other properties like specific heat (DSC, TG-DTA), thermal transport (Laser Flash technique) and electrical transport will be investigated at temperatures up to or above 1000 C.
MEdC has available equipment for pulse plasma sintering (FCT-Systeme, 2007), hot press sintering (MRF Inc., 2008) up to 2200 C, microwave sintering (Linn High Therm, 2008) up to 1700C, as well as classical sintering up to 2300 C. 
	MEdC
	0.80
	5.00
	0.00
	0.00

	
	WP10-MAT-WWALLOY-03-01/CRPP/BS
Armour Material Optimisation
Production and characterization (CRPP + KIT): Small batches of W-(0.3-1.0-2.0)Y, W-(0.3-1.0-2.0)Y2O3 and W-(0.3-0.9-1.7)TiC are being prepared by mechanical alloying and hot isostatic pressing (HIPping), which will be sent to KIT at the end of 2009 for high temperature Charpy impact testing and tensile testing. Such experiments will be complemented in 2010 with 3-point bend tests, annealing experiments and TEM observations performed at the CRPP. Results will be compared to those obtained for pure HIPped W and the reference batch of pure W. Depending on the availability of other Associations, specimens of the most promising materials will be prepared for high heat flux testing and thermal conductivity measurements as well as for atom probe tomography analyses and thermal fatigue experiments. Thermal-mechanical treatments: The feasibility of performing thermal-mechanical treatments at very high temperatures on small batches of the most promising materials being developed will be studied and, possibly, applied to the small concerned batches. When available, the treated batches will be characterized. Methods of characterization will depend on the quality of the treated batches. 
	Swiss Confederation
	1.30
	50.00
	0.00
	0.00

	
	WP10-MAT-WWALLOY-04-01/CRPP/BS
Irradiation Performance Testing
Nano-indentation experiments: The hardening of ion-irradiated W versus irradiation temperature will be determined by performing nano-indentation experiments on TEM specimens of the reference W batch, which will be first irradiated/implanted at various temperatures in the JANNuS facility (Saclay, France). The number of specimens to be irradiated/implanted as well as the exact irradiation/implantation conditions will depend on the JANNuS beam time that will be attributed to the CRPP in 2010. 
	Swiss Confederation
	0.55
	10.00
	0.00
	0.00

	
	WP10-MAT-WWALLOY-05-01/CRPP/BS
Materials Science and Modelling
Validation experiments: TEM specimens of the reference batch of pure tungsten irradiated with ion dual beams (W, He) in the JANNuS facility (Saclay, France) and post-irradiation (implantation characterized at the CRPP by means of TEM observations and in-situ TEM. The number of specimens to be irradiated/implanted as well as the exact irradiation/implantation conditions will depend on the JANNuS beam time that will be attributed to the CRPP in 2010.
	Swiss Confederation
	0.34
	0.00
	0.00
	0.00

	
	WP10-MAT-WWALLOY-05-01/CRPP/PS
Materials Science and Modelling
Validation experiments: TEM specimens of the reference batch of pure tungsten irradiated with ion dual beams (W, He) in the JANNuS facility (Saclay, France) and post-irradiation (implantation characterized at the CRPP by means of TEM observations and in-situ TEM. The number of specimens to be irradiated/implanted as well as the exact irradiation/implantation conditions will depend on the JANNUS beam time that will be attributed to the CRPP in 2010. 
	Swiss Confederation
	0.00
	0.00
	0.21
	10.00

	
	WP10-MAT-WWALLOY-05-01/TEKES/BS
Ab initio energetics of He/H and point defects. Kinetic modeling of He and dpa accumulation in bulk and sub-surface
The most promising metallic material candidate to be used as divertor plasma facing wall material (PFM) is tungsten (W). Low-energy (1 − 100 eV) H isotopes escaping the fusion plasma and high-temperature helium (He) as a by-product from the fusion reaction, can congregate on the W surface or, when having high energies or high fluxes, penetrate through the surface and diffuse deeper into the bulk. These solute light elements have low solid solubility but high mobility in W. The hydrogen isotopes and He can be easily immobilized by other impurity atoms present in the lattice, on the surfaces of the grain boundaries, at dislocations and voids, or by other lattice imperfections that can act as an active trapping site. The accumulation of H and He into these snares can lead to modification of the material’s mechanical and physical properties. The hydrogen diffusivity and trapping properties to various defect types in W is of particular interest albeit not widely studied theoretically.

The high flux of neutrons from the fusion reactions in the plasma can have an impact on the deformation of the surrounding wall material. The maximum energy of the incoming neutrons is 14 MeV, but the energy spectrum is not discrete. Albeit the majority of the neutrons have no interactions with the PFM’s, the low energy neutrons (1 eV - 10 keV) can get absorbed within the W material. After the absorption, the unstable W daughter nucleus converts to rhenium (Re). In the presence of incoming neutron flux the Re atoms can further lead to the formation osmium (Os). Estimates for the ITER environment have given as an impurity concentration ~2% Re and ~0.03% Os to the initially 100% W divertor plates. Recent experimental studies on W-Re and W-Re-Os alloys have shown that the enrichment of W by Re and Os can lead to hardening and embrittlement of W. One possibility of prolonging the W property in the presence of neutron flux is by manufacturing W-Ta alloys for the initial phase. Still, the theoretical validation of the presence of Re and Os (and Ta) affecting the bulk W and the hydrogen retention in W is missing.

In this work, calculations based on state of the art ab initio density functional theories (DFT) will be used for determining the energetics and properties of H trapping into defects in W. Defect types to be examined consist of W monovacancy (mono-V), W self-interstitial atom (SIA) and W (100) surface. The mono-V will be studied in the scope H accumulation to a single unoccupied lattice site. The effect of a SIA as a trapping site for H will be confirmed. The W surface calculations will be used for studying the properties of larger voids or cavities inside the bulk. The effect Re (Os, Ta) to the H trapping in W will be examined. The impurities will be studied as substitutional and interstitial type. The zero-point effect (ZPE) of H will be taken into account when determining the trapping energies. 

The DFT calculations will be carried out using the Vienna Ab-initio Simulation Package (VASP). The VASP code is a well established DFT code and is used as a standard DFT calculation tool for extensive ab initio studies. The VASP will be utilized using the modern computer cluster environment at the Center for Scientific Computing (CSC), Espoo, Finland.
	TEKES
	1.00
	0.00
	0.00
	0.00

	
	WP10-MAT-WWALLOY-03-02/VR/BS
Armour Material Optimisation
Novel fabrication of high purity nanostructured ODS tungsten materials
Nanostructured materials can advantageously be fabricated using powder metallurgical methods, i.e., via sintering of nano-scale powders at relatively low temperatures to limit diffusion and grain growth. The optimization of powder fabrication methods and the characteristics of the nano powder are essential in order to maintain the nanosize in the finally processed materials. In general, a precursor powder is prepared (containing the required elemental composition in the final products) to be further processed to the required product materials. In the different processing steps, it is advantageous to have powders with a minimum of particle agglomeration, high purity and with a uniform (homogenous) composition. 

In this project we developed specific chemical powder metallurgical methods for the fabrication of nanoscale tungsten based powders. The processing is carried out in two steps:

i) Fabrication of doped tungsten containing precursors by a solvent mediated process; and 

ii) Thermal decomposition and reduction of the obtained precursor into an tungsten alloy powder. 

In the first part of the study, we used commercially available ammonium paratungstate (APT) as a starting material that was allowed to react with salts of lanthanum or yttrium under controlled conditions. The produced precursor was then calcined and reduced. In this method we were able to prepare powders with controlled bulk composition. However, the produced materials was not highly homogeneous when analyzes on the nanometre scale. The particle size of the precursor was 1-20 m. The alloyed tungsten powder obtained after reduction was nanostructured (50-200 nm), but with agglomerated grains. The consolidation was carried out by sintering using spark plasma technique (SPS) which produced consolidated materials with grain size down to 0.5 m, but the yttrium or lanthanum oxides was not homogeneously distributed between the tungsten grains when examined by high resolution TEM. We have therefore undertaken a detailed study to identify the reason for the inhomogeneous distribution of the alloying oxides: We could conclude that, the inhomogeneity of the distribution of the doping elements into the W-based matrix is determined by the chemical reactions taking place between the Y and La during the formation of the precursor. The reaction between APT and the salt of Y or La was found to take place at the surface of the APT particles and less with the interior of the particles (APT particles are 20-50 m in size at the start of the reaction).

In the second part of the study, we have developed an alternative route for the fabrication of powder precursors. In this method we are also starting from APT and salts of La or Y, but with modified solution conditions in order to achieve a complete phase transformation converting the APT solid into a tungstic acid based powder. By control of the particle growth in solution, we are able to fabricate a nano-sized (< 50 nm) powder precursor, which can be reduced under hydrogen to a nanostructured tungsten alloy powder with a grain size below 50 nm (i.e. 1000 times less than the particles size of the starting material APT). The uniformity is improved and the degree of particle agglomeration dramatically decreased, as compared to the previous method. 

Plans for 2010
The work during 2010 will focus on development and characterization of tungsten based alloys prepared from nano-sized tungstic acid based precursors. This study will include further optimization of powder morphology and composition, involving both precursor fabrication and precursor reduction. A major effort will be up scaling of the powder fabrication process in order to be able to carry out standard tests of mechanical properties and thermal stability. Powders will be sintered by SPS and hot isostatic press (HIP). The microstructures of the sintered materials will be characterised in detail using high resolution analytical scanning and transmission electron microscopy, SEM and TEM. 

Materials
Milestones
Deliverables
W-Y2O3 alloys, made from Y doped tungstic acid with different Y content.

Dec. 2010: Delivery of W-Y2O3 alloys for high temperature tests

Oct. 2010: First report on W- Y2O3 mechanical and high

temperature characterisation

Dec. 2010: Report: Summary

and recommendations for future work. 

W-V alloys and W-V-Y2O3 alloys, made from V and Y doped tungstic acid. 

Dec 2010: Fabrication and characterisation of W-V and W-V-Y2O3 alloys

Dec. 2010: Report on fabrication and basic characterisation W-V and W-V-Y2O3 materials.


	VR
	1.51
	50.00
	0.00
	0.00

	
	WP10-MAT-WWALLOY-02-02/OEAW/BS
Structural Material Development
The activities at the Erich Schmid Institute of the Austrian Academy of Sciences related to the development of new types of tungsten alloys should be continued in 2010. In 2009 we have received industrial produced tungsten-tantalum alloys with 2, 5 and 10% Ta. These alloys are microstructurally characterized. In addition, fracture toughness samples are machined in order to analyze the fracture toughness in the direction of forging and perpendicular to the forging direction. The fracture toughness experiments as a function of temperature will be performed within this year. For comparison on laboratory scale tungsten-tantalum composites are produced by powder compaction via Severe Plastic Deformation. In the first half of the year the effect of processing parameters, temperature and applied strain are investigated. After final microstructural characterization of this new type of composite structures, a mechanical characterization of selected microstructures will be started. Results of the first mechanical tests on this composite microstructure will be available in April 2010. Comparison of the solid solution W-Ta-alloy and the composite type will be performed in order to define the further development strategy. In addition, the same technique will be applied to W-V and W-Ti and a first trial of W-La(O). These activities should be started in December 2009. Microstructural and first mechanical tests on the produced materials should be performed. At the end of 2010 a report should be available, which should give a hint for the further development strategies in the different types of alloys. One of the main questions, which should be solved, is: which alloying concepts or which composite concepts are the most promising ones?
	ÖAW
	0.70
	0.00
	0.00
	0.00

	
	WP10-MAT-WWALLOY-05-01/OEAW/BS
Plasticity and fracture mechanisms

The main goals of the activities of the Erich Schmid Institute of the Austrian Academy of Sciences in this area are the development of a methodology to optimize the fracture toughness based on microstructure-property relations. Within this framework a set of mechanical data, especially fracture toughness values as a function of temperature are generated. The activities are related to several sub-tasks. 

- Determination of local fracture resistance as function of microstructure, grain size, grain shape, dislocation density and substructure...

- Effect of impurities on fracture toughness

- Small specimen fracture mechanics tests for local analyses of fracture properties and analysis of the effect of constrain in plasticity (important for both, improvement of understanding of fracture behaviour of W and analyses of mechanical properties of small volumes of irradiated materials)

- SPD production in order to generate special microstructures

- A special topic is devoted to the question why Re improves so significantly the ductility of W. This subtask contains experimentally as well as theoretically analyses.

All the above mentioned subtasks should be continued in 2010. Most of them should be finished at the end of 2010 and should deliver a first draft for the micro structurally design concept to improve the low temperature fracture toughness and the ductile-to-brittle behaviour. The main activities for 2010 are listed in the following:

- W samples have been deformed at different temperatures to different strains. This deformation generates microstructures with different dislocation densities and different dislocation character (low temperature deformation generates more screw dislocations than high temperature deformation).The fracture behaviour and the fracture toughness should be analyzed as a function of temperature.

- It has been shown that oxygen in standard W-alloys does not dominate the brittle behaviour of tungsten. The limits for oxygen and other impurities, which are assumed as critical, will be analyzed till July 2010.

- The small scale fracture tests should be continued. In 2009 the main focus is devoted to the analysis of the effect of the deviation between cleavage plan and crack plan and the effect of constrain on the transgranular cleavage fracture. In 2010 the main topic should be the analysis of the grain boundary fracture toughness. The fracture behaviour of selected grain boundaries in W and W-Re alloys (recrystallized and hot worked) will be investigated. 

- In order to understand the effect of grain orientation in submicro crytalline microstructures, SPD deformed W, and W-alloys fracture toughness experiments of samples with different crack plane orientations will be performed. 

- The experimental analysis of the fracture behaviour of W-Re alloys should be finalized. In addition the ab initio calculation of W-alloys should be continued. The elastic properties, the core structure of the screw dislocation and the Peierl stress are determined. The analysis of the W-Re system has been completed in 2009. The W-Ta system should be finished in the middle of 2010 and first results of the W-V and W-Ti system should be available till the end of 2010.
	ÖAW
	1.50
	0.00
	0.00
	0.00

	
	WP10-MAT-WWALLOY-05-02/OEAW/BS
Micro-plasticity studies of tungsten alloys
Small specimen fracture mechanics tests for local analyses of fracture properties and analysis of the effect of constrain in plasticity (important for the improvement of understanding of fracture behaviour of W and analyses of mechanical properties of small volumes of irradiated materials). These activities are essential for both the better understanding of fracture toughness and the development of new techniques for small specimen tests of irradiated materials. 

The activities for 2010 are:

Determination of local fracture resistance as function of microstructure, grain size, grain shape, dislocation density and substructure;

Effects of impurities on fracture toughness;

SPD production to generate special microstructures;

Investigation of the question why Re improves the ductility of tungsten.
	ÖAW
	1.53
	0.00
	0.00
	0.00

	
	WP10-MAT-WWALLOY-05-02/OEAW/PS
Micro-plasticity studies of tungsten alloys
Small specimen fracture mechanics tests for local analyses of fracture properties and analysis of the effect of constrain in plasticity (important for the improvement of understanding of fracture behavior of W and analyses of mechanical properties of small volumes of irradiated materials). These activities are essential for both the better understanding of fracture toughness and the development of new techniques for small specimen tests of irradiated materials. 

The activities for 2010 are:

Determination of local fracture resistance as function of microstructure, grain size, grain shape, dislocation density and substructure;

Effects of impurities on fracture toughness;

SPD production to generate special microstructures;

Investigation of the question why Re improves the ductility of tungsten.
	ÖAW
	0.00
	0.00
	0.27
	0.00

	
	Total
	
	35.90
	755.40
	3.50
	350.00


3.3 JET related activities
Non applicable.

3.3 Publications
4. Scientific and Technical Reports

4.1 Progress Reports
At the end of each calendar year, and at intermediate times where appropriate, the Task Coordinator 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 Task Coordinator 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-WWALLOY-01-03/FOM_NRG/PS
	FOM_NRG
	Final report
	31. Dec 2010

	WP10-MAT-WWALLOY-01-14/KIT/PS
	KIT
	Final report
	31. Dec 2010

	WP10-MAT-WWALLOY-02-03/FOM_NRG/PS
	FOM_NRG
	Final report
	31. Dec 2010

	WP10-MAT-WWALLOY-02-06/KIT/PS
	KIT
	Final report
	31. Dec 2010

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

	WP10-MAT-WWALLOY-03-01/IPP/PS
	IPP
	Final report
	31. Dec 2010

	WP10-MAT-WWALLOY-03-02/FOM_NRG/PS
	FOM_NRG
	Final report
	31. Dec 2010

	WP10-MAT-WWALLOY-03-03/FZJ/PS
	FZJ
	Final report
	31. Dec 2010

	WP10-MAT-WWALLOY-04-02/KIT/PS
	KIT
	Final report
	31. Dec 2010

	WP10-MAT-WWALLOY-05-01/CRPP/PS
	Swiss Confederation
	Final report
	31. Dec 2010

	WP10-MAT-WWALLOY-05-02/OEAW/PS
	ÖAW
	Final report
	31. Dec 2010

	WP10-MAT-WWALLOY-05-06/CEA/PS
	CEA
	Final report
	31. Dec 2010

	WP10-MAT-WWALLOY-05-08/CEA/PS
	CEA
	Final report
	31. Dec 2010


4.3 Milestones
The results obtained within the Research Project Tungsten and Tungsten Alloys Development will be presented by the principal investigators and reviewed during joint monitoring meetings held twice a year. On this basis the progress accomplished by the contributing Associations will be reported by the Coordinator to the EFDA Leader.

The report on the Association activities under Priority Support will be prepared by the Coordinator to be presented to the EFDA Leader at the end of every calendar year.

The final and technical report will be submitted to the Responsible Officer of the Topical Group for approval and uploading in the IDM database.

5. Priority Support Expenditure Forecast

The forecast of the total expenditures eligible for priority support in this Task Agreement is 817.265 kEuro. A full breakdown of forecast of expenditures is given in Annex 1. The Community financial contribution will be up to a maximum of 233.453 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

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-WWALLOY-03-01/Belgium_SCK-CEN/PS
	0.75
	156.27
	5.00
	5.00
	0.00
	166.27
	

	
	CEA
	WP10-MAT-WWALLOY-05-06/CEA/PS
	0.17
	23.04
	0.00
	0.00
	90.00
	113.04
	

	
	CEA
	WP10-MAT-WWALLOY-05-08/CEA/PS
	0.10
	17.10
	0.00
	0.00
	6.00
	23.10
	

	
	FOM_NRG
	WP10-MAT-WWALLOY-01-03/FOM_NRG/PS
	0.00
	0.00
	0.00
	0.00
	20.00
	20.00
	

	
	FOM_NRG
	WP10-MAT-WWALLOY-02-03/FOM_NRG/PS
	0.00
	0.00
	0.00
	0.00
	40.00
	40.00
	

	
	FOM_NRG
	WP10-MAT-WWALLOY-03-02/FOM_NRG/PS
	0.00
	0.00
	0.00
	0.00
	30.00
	30.00
	

	
	FZJ
	WP10-MAT-WWALLOY-03-03/FZJ/PS
	0.75
	110.60
	0.00
	20.00
	0.00
	130.60
	

	
	IPP
	WP10-MAT-WWALLOY-03-01/IPP/PS
	0.00
	0.00
	0.00
	10.00
	0.00
	10.00
	

	
	KIT
	WP10-MAT-WWALLOY-01-14/KIT/PS
	0.75
	77.25
	0.00
	0.00
	100.00
	177.25
	

	
	KIT
	WP10-MAT-WWALLOY-02-06/KIT/PS
	0.50
	55.00
	0.00
	0.00
	0.00
	55.00
	

	
	KIT
	WP10-MAT-WWALLOY-04-02/KIT/PS
	0.00
	0.00
	8.00
	6.00
	0.00
	14.00
	

	
	Swiss Confederation
	WP10-MAT-WWALLOY-05-01/CRPP/PS
	0.21
	13.67
	0.00
	0.00
	10.00
	23.67
	

	
	ÖAW
	WP10-MAT-WWALLOY-05-02/OEAW/PS
	0.27
	14.34
	0.00
	0.00
	0.00
	14.34
	

	Total 2010
	
	
	3.50
	467.26
	13.00
	41.00
	296.00
	817.26
	


Annex 2: Indicative mobility Support 

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

	2010
	Belgium_SCK-CEN
	2
	3
	Kick – off and monitoring meetings

	
	CCFE

	3
	3.3
	two trips: attendance of EFDA monitoring meetings [location to be confirmed], and one trip (two weeks) is a collaborative visit from UKAEA to Warsaw University of Technology, Poland

	
	CEA
	20
	33.0
	Missions (3ke: Saclay/Jannus) 
PSI Villigen TEM experiments in collaboration with R. Schaublin 
Garching MPIPP discussion

	
	CIEMAT
	10
	10.0
	Monitoring Meetings 
Mobility to CIEMAT and UC3M during collaboration

	
	
	
	
	

	
	FZJ
	8
	2.7
	meeting and joint experiment with project partner 
project meetings / tbd 
meetings and joint experiments with project partner / SCK.CEN

	
	IPP
	6
	6.0
	Monitoring meetings

	
	IPP.CR
	1
	0.5
	Fusion Materials TG meeting/EFDA Garching

	
	IPPLM
	10
	17.9
	FMTG meetings 
working visits to UKAEA

	
	IST
	4
	6.0
	Meetings

	
	KIT
	10
	8.2
	Efremov/St Petersburg 
Monitoring Meetings/Europe 
CEA / France

	
	MEdC
	1
	0.5
	kick off meeting

	
	Swiss Confederation
	4
	4.0
	Missions 
Ion irradiations/Saclay

	
	TEKES
	2
	5.0
	Missions

	
	VR
	2
	5.0
	Missions

	
	Total
	83
	113.1
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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.





