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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-ODSFS Research Project of the Fusion Materials Topical Group, Nano-structured ODS Ferritic Steel Development, and will be implemented on the basis of the provisions given in Art. 5 of the EFDA Agreement.

2. Objectives

The plate supporting the W tiles of the dual-coolant Tritium breeding blanket, and the cooling system for the He-cooled divertor are presently the foreseen applications of ODS Ferritic Steels (ODSFS). Both require materials that have sufficient creep strength in the temperature range of up to ~750C, as well as reasonable fracture toughness. 

The MAT-ODSFS Research Project on Nano-structured ODS ferritic steels development for DEMO has been organised along the following programmatic lines:

· Developing the present generation of nano-structured ODSFS.

· Industrial fabrication of the present generation of nano-structured ODSFS. 

· Developing an optimised generation of nano-structured & nano-grained ODSFS.

· Stability of present and optimised generation of nano-structured ODSFS under creep and irradiation.

The main objectives of the WP2010 programme are summarised as follows: 

(i) Developing the present generation of nano-structured ODSFS
The objective of developing the present generation of nano-structured ODSFS consists in optimising the chemical composition and determining a set of parameters for the Mechanical Alloying (MA) process and the subsequent Thermal-Mechanical Treatments (TMT), aimed at reproducing the main microstructure features identified as responsible for the high strength and the limited loss of fracture toughness after irradiation. 

The optimisation will concentrate on chemical composition of the 14Cr-Y-W-Ti (14YWT) type, and complement the activities of the 2008-2009 by considering atom percent Ti to atom percent Y ratios higher than 1, highly energetic MA and hot extrusion at rather low temperature, down to ~850C, to obtain a high density of nano-clusters enriched in Ti-Y-O, and high yield strengths of 800 and 450 MPa, respectively at Room Temperature (RT) and 600C, associated with DBTT comparable to that of Eurofer. 

Limited studies of microstructure under ion-beam irradiation (dpa & He production), addressing ODS stability, He accumulation in bulk and grain-boundaries, will have also to be carried out on the materials expected to be obtained with the most promising route.

(ii) Industrial fabrication of the present generation of nano-structured ODSFS
Following the withdrawal of Plansee from manufacturing ODSFS, there is no longer an industrial company in the EU capable of manufacturing the required range of ODSFS in a sustainable way. The situation could change once the decision on the future build of Generation IV sodium-cooled fast reactor has been made. This can potentially provide sufficient incentive to manufacturers to re-enter the ODS steels market. In the meantime we follow the two lines of development of ODS steels outlines below.

Based on the optimisation of the fabrication procedure (WP-08-09-10) and on the assessment of the possibility of fabricating, at a semi-industrial scale, a ~10 kg batch of a nano-structured ODSFS of the present generation via different sub-contractors coordinated by an Association (WP-08-09), an order will be placed, with a delivery date mid 2011.

In parallel, EFDA, in close collaboration with the Associations and F4E, will examine the new Japanese offer of fusion relevant ODSFS by Kobe steel expected to be proposed during ICFRM-14 under the umbrella of the Implementing Agreement (IA) of the IEA. 

Material production and specimens machining of 14-18%Cr ODS ferritic steels, and the subsequent study of microscopic processes associated with cleavage (transgranular) fracture: Charpy testing of thermally aged materials, fractographic and microstructural examinations will be carried out.

(iii) Developing an optimised generation of nano-structured & nano-grained ODSFS
ODS ferritic steels as driven system 
The 2010 Work Programme will be devoted to the continuation and the completion of the work of 2009 in the framework of the Reactive Milling approach: (i) influence of the intensity, temperature and duration of milling, on the nano-cluster formation, (ii) consequences of the initial selection of the reactants on the nano-cluster formation and oxygen content in the matrix, (iii) effects of the annealing conditions on the nano-clusters characteristics. This will result in the definition of the first optimised fabrication route of 14YWT ODSFS using Reactive Milling.

ODS ferritic steels with improved plasticity.
The nano-grain sized 14YTW alloys will be produced on the laboratory scale using (i) High Energy Ball Milling (HEBM), (ii) consolidation, i. e. extrusion and/or spark plasma sintering, and (iii) thermo-mechanical treatment (TMT), the latter allowing high deformation rates under cold, warm (~400C) or hot (~1000C) processing conditions such as High Speed Hot Extrusion (HSHE) and Equal Channel Angular Pressing (ECAP). The effect of hot extrusion parameters on microstructure and mechanical behaviour will be characterised to select the best fabrication route for an optimised strength-ductility relation. The microstructure is expected to be characterized using transmission electron microscopy (TEM), atom probe tomography (APT), and related methods.

Optimised Generation of nano-structured & nano-grained ODSFS
Provided that the effort in WP-2008-2009 is sustained, the achievement of both objectives outlined above should provide data for the assessment of feasibility of producing optimised nano-structured and nano-grained ODSFS in the years 2012-2013, with the first specification ready by the end of 2012, and fabrication performed early in 2013. 

(iv) Stability of present and optimised generation of nano-structured ODSFS under creep and irradiation
This line of research, starting within this Work-Programme 2010, will concern the characterisation of:

(i) Both lab scale batches produced in 2009.

(ii) Semi-industrial scale batch produced by mid-2011. 

(iii) MA produced ODSFS of 14YTW ODSFS type for fission application.

(iv) Alternatively produced ODS martensitic steels for fission application.

The programme will focus on:

Stability of the nano-clusters under dpa, He and H accumulation, using ion-beam irradiation and characterisation by TEM complemented by APT for the chemistry of the clusters. 

Creep resistance & fracture toughness or DBTT to assess the trade-off between both properties

In relation to the ODS steels developed for fission applications, the present work programme will complement the effort in the fission programmes, and will focus on the effect of He and H accumulation on the microstructure and stability of oxide nano-clusters.

On this basis, the most promising steel types, the desirable range of irradiation conditions in terms of spectrum, dose & temperature, and the type of Post-irradiation Testing will be defined in 2012.

3. Work Description and Breakdown

3.1 Structure
(i) Developing the present generation of nano-structured ODSFS
(ii) Industrial fabrication of the present generation of nano-structured ODSFS
(iii) Developing the optimised generation of ODS nano-structured & nano-grained ferritic steels 
(iv) Stability of ODS ferritic steels under creep and irradiation 
WP10-MAT-ODSFS-01

Developing the present generation of nano-structured ODSFS

The optimisation will concentrate on 14YWT chemical composition with high atom percent Ti to atom percent Y ratio, highly energetic MA and hot extrusion at rather low temperature to obtained a high density of nano-clusters enriched in Ti-Y-O, high yield strengths of 800 and 450 MPa, respectively at Room Temperature (RT) and 600C, associated with DBTT remaining comparable to that of Eurofer. Specifically, the activities within 2010 will aim at: 

(i) Complementing the optimisation of the powder metallurgy process (MA versus milling, with atom percent Ti to atom percent Y ratio higher than 1, pre-alloyed versus elemental powder, H versus Argon atmosphere, control of oxygen & degassing procedure). 

(ii) Optimising the thermal-mechanical treatment (HIP, Hot extrusion, Hot and warm rolling…) versus microstructure, crystallographic texture and short term response mechanical properties (tensile and Charpy). 

Small-Angle Neutron Scattering (SANS) and APT are mandatory in addition to TEM for assessing the nano-cluster dispersion.

Limited studies of microstructure under ion-beam irradiation (dpa & He production), addressing the microstructural stability of ODS, He accumulation in bulk and grain-boundaries, also will be carried out using the most promising materials identified as a result of the execution of the tasks.

The deliverables are summarised in the table below:
	2010-WP: Developing the present generation of nano-structured ODSFS

	Deliverables

	03/2010: Report: specification of the EFDA programme of characterization of the laboratory scale (1kg) batches

	12/2010 Interim Report on Laboratory scale batches: First results on characterization: microstructure (TEM, APT, SANS), texture, tensile and Charpy with fractographic examination. 

	12/2010: Interim Report on: Present generation of ODSFS: Optimised chemical composition, MA and TMT versus microstructure (TEM, APT, SANS) & short term response mechanical properties, and, elements of radiation stability.

	12/2010: Report on: 14-18%Cr fission ODS ferritic steel microstructural examinations of 14-18%Cr ODS ferritic steel, Charpy, tensile and fatigue tests, microstructural and fractographical examinations of 14%Cr ODS ferritic steel up to high temperature


WP10-MAT-ODSFS-02

Industrial fabrication of the present generation of nano-structured ODSFS

Based on the experience accumulated within the Work-Programme 2008-2009, concerning the optimisation of the fabrication route & the assessment of the possibility of fabricating, at a semi-industrial scale, a ~10 kg batch of a nano-structured ODSFS of the present generation via different sub-contractors coordinated by an Association, an order will be placed, with a delivery date mid 2011.

In parallel, the Japanese proposal to be discussed at ICFRM-14 in September 2009, will be assessed. In case of positive assessment an EFDA characterisation programme will be specified.

The deliverables are:
	2010-WP: Industrial fabrication of the present generation of nano-structured ODSFS

	Deliverables

	06/2010: Joint report: Specification of EFDA programme of characterization of the Japanese material

	12/2010: Issue of Specification for ordering the ~10 kg EU batch of nano-structured ODSFS to be ordered via coordinating different sub-contractors. Delivery date mid 2011.

	12/2010: Interim Report on: the first results on the Japanese ODSFS: microstructure, tensile and Charpy tests and fractography examination. 


WP10-MAT-ODSFS-03

Developing the optimised generation of ODS nano-structured & nano-grained ferritic steels 

ODS ferritic steels as driven system under MA and subsequent thermal-mechanical treatment
The 2010 Work Programme will be devoted to the continuation and the completion of the work of 2009 on the 14YTW composition: (i) influence of the intensity, temperature and duration of milling, on the nano-cluster formation, (ii) consequences of the initial selection of the reactants on the nano-cluster formation and oxygen content in the matrix, (iii) effects of the annealing conditions on the nano-clusters characteristics. This will result in the definition of a first optimised fabrication route of 14YWT ODSFS using Reactive Milling. 

The main deliverables are:
	2010-WP:Developing the optimised generation of ODS nano-structured & nano-grained ferritic steels

	ODS ferritic steels as driven system under MA and subsequent thermal-mechanical treatment

	Deliverables

	12/10: Report: The best kinetic pathway for reactive MA of 14YTW in terms of milling intensity & temperature, and annealing condition for a nano-structured ODSFS of 14YTW type, based on microstructure examination (APT, SANS). Elements for selecting the best initial reactants in the case of Reactive Milling


Developing radiation resistant ODS ferritic steels with improved plasticity. 
Nano-grained size 14YTW alloys will be produced and characterised at the laboratory scale using MA and various techniques of (i) High Energy Ball Milling (HEBM). (ii) consolidation, i. e. extrusion and/or spark plasma sintering, of (iii) TMT allowing high deformation rate under warm or hot process such High Speed Hot Extrusion (HSHE) an Equal Channel Angular Pressing (ECAP). These techniques will be used to achieve the best strength-ductility relation. 

In addition to MET, Microstructure characterisation of the nano-clusters shall include Atom Probe Tomography (APT) to estimate their chemical composition and the content of oxygen in the matrix. A particularly important issue is the stability of the nano-clusters during the thermal mechanical treatments.

Heavy ion-beam irradiation will be used to have preliminary results on the radiation resistance of the obtained microstructure & nano-clusters in comparison with normal grain-sized steel of same chemical composition and similar distribution of nano-sized clusters.

The deliverables are: 
	2010-WP:Developing the optimised generation of ODS nano-structured & nano-grained ferritic steels

	Developing radiation resistant ODS ferritic steels with improved plasticity

	Deliverables 

	12/10: Report on:the effect of selected parameters of consolidation High Speed and ECAPprocesses for ODS powders prepared by HEBM 

	12/10: Report on: production of nano-grain sized model 14YTW ODSFS. Determination of their microstructure and mechanical properties versus temperature


WP10-MAT-ODSFS-04

Stability of ODS ferritic steels under creep and irradiation 

(ii) Stability of ODS ferritic steels under creep and irradiation 
The work-programme will rely on the 2009 report coordinated by EFDA defining this characterisation programme, issued 12/2009 (see WP08-09-MAT-ODSFS 13 November 2008).

The programme will focus on:

Stability of the microstructure, especially the nano-clusters under dpa, He and H accumulation, using ion-beam irradiation and characterisation by TEM complemented by APT for the chemistry of the clusters. 

Creep resistance and the associated fracture toughness or DBTT to assess the trade-off between both properties

The deliverables are:
	2010-WP: Stability of ODS ferritic steels under creep and irradiation

	Deliverables

	12/2010: Interim Report on: the Japanese material First results of characterization.

	12/2010: Report on: Laboratory scale MA ODSFS batches: Tensile & Fracture toughness, and stability under dual beam. 

	12/2010: Report on: MA produced ODSFS for fission applications: Stabilityunder dual ion-beam irradiation assessed via TEM and APT 

	12/2010: Report on: Alternatively produced ODSFS: Stability under dual ion-beam irradiation assessed via TEM and APT

	12/2010: Interim report on: First Creep tests on lab-scale and Japanese ODSFS.


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-ODSFS-04-01/Belgium_SCK-CEN/BS
Irradiation - creep and fracture toughness testing of nano-structured ODS ferritic steel at high temperature (500-750C)
The ODS ferritic steels (ODSFS) are forseen to be used for the plates supporting the W tiles of the dual-coolant tritium breeding blanket and the cooling system of the He-cooled divertor. The operating conditions of suchcomponents require both sufficient creep strength as well as reasonable fracture toughness in the temperature range of interest, namelyup to 750C. However, in particular at elevated temperatures in the range 500 - 750C, it is proposed to evaluate the irradiation creep behavior of ODSFS and their crack resistance. 

Within anirradiation program that is under development, structural materials will be irradiated at about 650C up to ~0.5 dpa. It is proposed in the present task to include few samples of ODSFS to perform both fracture toughness at high temperature and irradiation creep measurements. The ODSFS will be also characterized before irradiation as well as after irradiation. These measurements will be very beneficial to estimate the post-irradiation behavior of ODSFS at high temperature.


	Belgium_SCK-CEN
	0.35
	25.00
	0.00
	0.00

	
	WP10-MAT-ODSFS-01-01/CEA/BS
High temperature deformation mechanisms of ferritic ODS steels. Influence of the microstructure
The objective of the present action is to identify and quantify the deformation mechanisms taking place at high temperature in Fusion ferritic steels in the framework of 14-18%Cr ODS steel studies. Such study implies firstly to characterize and quantify the microstructural homogeneity and to observe the microstructural evolutions after deformation. Mechanical tests coupled to very detailed microstructural observations and characterizations will thus be carried out.

Fatigue and tensile tests to look at the crack initiation mechanisms and damage mechanisms and the deformation mechanisms

Fractographic examinations of tensile loaded and fatigue loaded specimens at various temperatures

TEM examinations of tensile loaded and fatigue loaded specimens at various high temperatures

Dedicated tests (to be defined) to know whether grain boundary sliding is a relevant deformation mechanism or not.

First attempt of Micromechanical modelling (crystal plasticity) of high temperature deformation

Study carried out in collaboration with T. Kruml in Brno, Czech Republic
	CEA
	1.00
	40.00
	0.00
	0.00

	
	WP10-MAT-ODSFS-01-02/CEA/BS
Study of the micro-mechanisms of cleavage fracture of 14% Cr ODS ferritic steels

The distinctive degradation of fracture properties of ODS variant of the (9-18)Cr-X steels had been observed. It is connected mainly with presence and shape of M23C6 carbides, with production way (powder metallurgy) and with introducing incoherent nanometric oxide particles. In contrast to the carbide containing steels, there is no comprehensive idea of the role of nanometric oxide particles in cleavage fracture micromechanism. There are microstructural changes connected with operation temperatures (considered in range of about 550 - 650C) such as carbidic reactions (coarsening of carbides), grain coarsening and grain boundary embrittlement etc. Synergy of the effects of the carbide and oxide particles with the influence of long term thermal ageing on cleavage fracture remains unexplained as well. Detailed understanding of failure mechanism of these steels in thermally unaffected and affected state is critical for their proposed future applications. 

Ferritic ODS steels (mainly 14%Cr) will be produced at CEA Saclay. Both plates and bars shape can be obtained after hot extrusion. Additionnal hot rolling and thermal treatment can also be applied. This complex manufacturing process induces a high anisotropy (texture) in the ODS ferritic steels both in terms of morphology (elongated grains) and crystallography (preferential orientation). Previous studies on DT and DY ferritic ODS steels [De Bremarcker, 1986, PhD Thesis] clearly showed that this texture modified both the DBTT and the ductile energy. Therefore, the present project will also focus on the effect of texture on the brittle fracture mechanisms.

Study carried out in collaboration with H. Hadraba in Brno, Czech Republic
	CEA
	0.60
	50.00
	0.00
	0.00

	
	WP10-MAT-ODSFS-03-01/CEA/BS
Comprehensive study on hot-extrusion of nanostructured ODS powders prepared by high energy ball milling (HEBM)
Oxide Dispersion Strengthened (ODS) steels are candidate materials for fusion advanced environment thanks to excellent high-temperature creep strength and promising irradiation resistance. These superior properties are attributed both to their nanostructured matrix and to a high density of Y-Ti-O nanoscale clusters (NCs). The ODS steels are generally obtained by mechanical alloying of pre-alloyed Fe-Cr-W-Ti powder with Y2O3 powder followed by hot consolidation. The reference process for the transformation of this nanostructured powder into fully dense bar is hot extrusion. The detailed procedure consists of filling a mild steel can with powder, degassing and then preheating the can to the desired temperature (most often 1150C) before extrusion. 

The aim of this proposal is to contribute to investigate the influence of each step parameters on the material nanostructure to gain knowledge and mastery on the whole process of transformation. In this work, we will focus on the first steps prior to hot extrusion; cans filling, degassing and preheating envisaged as a presintering of powder. A necessary investment for next year (2010) will be the purchasing of a induction furnace dedicated to the hot extrusion facility in order to get high heating rate. This is the way to favor the nucleation step.

Next step for 2011 will consist of taking into account the effect of the high energy ball milling parameters on the as milled powder and of studying the hot extrusion step. 
	CEA
	0.90
	75.00
	0.00
	0.00

	
	WP10-MAT-ODSFS-03-03/CEA/BS
Effect of HEBM (High Energy Ball Milling) and HSHE (High Speed Extrusion) conditions on the final properties of nano structured ODS ferritic steels (ODSFS).
Nano-structured ODSFS are promising candidate materials for fusion applications. To achieve a suitable level of structure refinement and an improvement of the mechanical properties utilisation of new processes such as HSHE, Severe Plastic Deformation (SPD) and ECAP appear promising.

The aim of this proposal is to contribute to investigation of the effects of these processes on the microstructure and the mechanical properties (Charpy and tensile properties) of ODSFS.

In agreement with the EFDA research project MAT-ODSFS, our optimisation work will concentrate on the steel composition 14Cr-Y-W-Ti (14YWT).

- Several batches of powders obtained under different conditions will be used. A part of these will be consolidated by conventionnal hot extrusion at CEA-Saclay in our laboratory, and for comparison, another part will be consolidated at the Warsaw University of Technologyusing HSHE. Additional cold rolling process will be used to refine the grain structure.

- In each case, the final microstructure will be characterized through Scanning and Transmission Electron Microscopy (SEM, TEM) at CEA and the mechanical properties will be investigated by our partners. 

- In this proposal, on the basis of a brief literature survey and our experimental results, we will give prescription and recommendation on the possibility of performing ECAP tests at CEA on ODS materials. 
	CEA
	0.50
	5.00
	0.00
	0.00

	
	WP10-MAT-ODSFS-03-04/CEA/BS
Optimisation of Ball Milling Parameters In Driven Alloy Approach
In the past, within the framework of the I-NERI program, while implying the DOE and the CEA, we showed, the possibility of obtaining nanoparticles of yttria dispersed in a metallic nickel matrix according to the following reaction: 2YNi2 + 3NiO → 7Ni + Y2O3. The source of oxygen is in that case the solid NiO but it can be replaced by the gaseous oxygen; the only rule to be followed being to use fragile compounds to facilitate the fracture phenomena and the mixing during the milling. In the range of investigated temperatures and under a moderate milling intensity, we showed the possibility to form mainly nanometric crystalline nickel particles as well as amorphous nanoparticles of oxide of composition close to the yttria with a size lower than 10 nanometers. A post-annealing of the ball-milled powder allows obtaining the crystalline phase without considerable variation of the size.

The aim of this project is, by applying a driven alloy approach, to study the elaboration of nanostructured ferritic ODS materials by an alternative way of reactive ball-milling, to investigate the influence of the ball-milling parameters and to study more in detail the effect of heat treatments on the stability of the formed phases which will allow to simulate the stages of densification of the ball-milled powders. A fine characterization of the obtained phases has to lead to a better understanding of the formation of the nanoreinforcements.
	CEA
	0.60
	22.00
	0.00
	0.00

	
	WP10-MAT-ODSFS-04-01/CEA/BS
Stability of nano-structured ODSFS under irradiation: Microstructural characterization of MA957 irradiated to high dose in BOR60.
Ferritic ODS (MA957) has been recently irradiated in the low temperature range (325C) as part of Altair/Arbor2 experiments in BOR60 up to high doses (max 78 dpa). The mechanical properties, in particular the tensile properties, have been shown to be much less degraded by irradiation than for instance in the case of conventional martensitic steels EM10 and T91. Detailed microstructural investigations are needed in order to check whether the mechanisms which have been proposed as a possible explanation for the good behaviour under irradiation of ODS (such as the presence of nano clusters which could add as recombination sites for point defects) are operative. Therefore the purpose of this project is to perform relevant microstructural investigations on samples prepared from mechanically tested irradiated samples. For comparison purposes, it is proposed to characterize as well the microstructures of T91 and Eurofer97 (F4E)irradiated together with MA957.

Detailed TEM investigations should be performed as they will allow characterizing the point defect microstructure (in terms of number densities and size distribution of point-defect clusters/loops, possibly voids). Depending on their size, TEM should also provide indications on the stability of the Y-rich clusters. TEM (and possibly EFTEM) characterization of MA957 irradiated in ARBOR2 will be conducted using samples to be fabricated in the Saclay hot labs. 

In addition to TEM, it is proposed to perform TAP studies, since atom probe is a particularly relevant tool to characterize the irradiation-induced modifications of the nano-clusters. However as a first step, suitable samples must be prepared. In 2010, a limited number of "match-stick" specimens will be fabricated at Saclay hot labs using irradiated mechanical test specimens. Shipment to Rouen university, electropolishing to produce needles and TAP experiments could be foreseen in 2011.
	CEA
	0.70
	0.00
	0.00
	0.00

	
	WP10-MAT-ODSFS-04-02/CEA/BS
Stability of nano-structured ODSFS under irradiation: Microstructural characterization of MA957 irradiated to high dose in BOR60. (PRIORITY SUPPORT)
Ferritic ODS (MA957) has been recently irradiated in the low temperature range (325C) as part of Altair/Arbor2 experiments in BOR60 up to high doses (max 78 dpa). The mechanical properties, in particular the tensile properties, have been shown to be much less degraded by irradiation than for instance in the case of conventional martensitic steels EM10 and T91. Detailed microstructural investigations are needed in order to check whether the mechanisms which have been proposed as a possible explanation for the good behaviour under irradiation of ODS (such as the presence of nano clusters which could add as recombination sites for point defects) are operative. Therefore the purpose of this project is to perform relevant microstructural investigations on samples prepared from mechanically tested irradiated samples. For comparison purposes, it is proposed to characterize as well the microstructures of T91 and Eurofer97 irradiated together with MA957.

Detailed TEM investigations should be performed as they will allow characterizing the point defect microstructure (in terms of number densities and size distribution of point-defect clusters/loops, possibly voids). Depending on their size, TEM should also provide indications on the stability of the Y-rich clusters. TEM (and possibly EFTEM) characterization of MA957 irradiated in ARBOR2 will be conducted using samples to be fabricated in the Saclay hot labs. 

The facilities which will be used are the transmission electron microscopes of DMN/SRMA (JEOL 2010 with a FEG and a new JEOL 2100 microscope equipped with an energy filter). The TEM samples/"match-stick" specimens will be prepared using the Saclay hot cells. 

In addition to TEM, it is proposed to perform TAP studies, since atom probe is a particularly relevant tool to characterize the irradiation-induced modifications of the nano-clusters. However as a first step, suitable samples must be prepared. In 2010, a limited number of "match-stick" specimens will be fabricated at Saclay hot labs using irradiated mechanical test specimens. Shipment to Rouen university, electropolishing to produce needles and TAP experiments could be foreseen in 2011.
	CEA
	0.01
	100.00
	0.00
	0.00

	
	WP10-MAT-ODSFS-04-03/CEA/BS
Open access to JANNUS facility : irradiation behaviour of ODS alloys 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 proposals on ODS steels.

The equivalent mono/dual/triple beam time corresponds to 120 hours for 2010 including ODS, W ALLOYS and SiC/SiC programs.
	CEA
	0.40
	20.00
	0.00
	0.00

	
	WP10-MAT-ODSFS-04-03/CEA/PS
Open access to JANNUS facility : irradiation behaviour of ODS alloys 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 proposals on ODS steels.

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
	0.00
	100.00

	
	WP10-MAT-ODSFS-04-04/CEA/BS
Stability of ODS steels under high fluence ion irradiation and high gas atom content
The aims of this project are

- to study the stability of the ODS microstructure (matrix and oxide nanoparticles) under high ion fluence irradiation up to 200 dpa at high temperature

- to study the interactions of He (H) at high content level with oxide nanoparticles using the JANNUS multi-irradiation facility. 

A fine characterization of the irradiated materials (transmission electron microscopy, Raman microscopy, atomic field microscopy coupled with nano-indentation) will complete the experimental irradiation tests.

The irradiations scheduled during the year 2010 will be the following: 

- mono-irradiation ( Fe ions from Épiméthée on ODS 12Cr to 14Cr with 0.3 to 0.5 wt. % of Y2O3 and on MA957;

- from 50 to 200 dpa by 50 dpa steps at a fixed temperature of 500C and then from 300 to 700C at a fixed fluence of 50 dpa

The associated characterizations will be oriented towards microstructure (TEM and Raman microscopy) and mechanics (nano-indentation coupled with AFM).
	CEA
	0.70
	20.00
	0.00
	0.00

	
	WP10-MAT-ODSFS-04-05/CEA/BS
Study of ion irradiation effects on the microstructure of ods ferritic steels by atom probe tomography and transmission electron microscopy

The aim of this project is to study the evolution of the microstructure (size, number density and compostion of nano-particles, formation of defect clusters…) of massive or powder grains of ODS ferritic steels under ion irradiations by mean of complementary techniques giving information at very fine scale: atom probe tomography (characterisation of nano-particles) and transmission electron microscopy (characterisation of loops, voids, …)

In this task, we propose to perform ion irradiation on already prepared atom probe samples (small needles with an end radius ~50nm) using JANNUS platform (mostly ORSAY and may be SACLAY) and to characterise at the atomic scale the evolution of nano-reinforcements during these irradiations. Transmission electron microscopy (TEM) is complementary to atom probe (upper image scale, information on defect clusters such as loops or voids not seen by atom probe, electron tomography…). So to complete the microstructural characterisation, TEM thin foils also can be irradiated in the same conditions.

The materials studied will be 14YWT ODS steel. They are produced at a laboratory scale, in the state of powder (by F. Legendre, CEA-SRMP). The preparation of atom probe samples for irradiation from powders, requires a preparation with focused ion beam (FIB). FIB preparation of atom probe samples is overcome in our lab. Concerning TEM samples, we propose to set up a procedure to elaborate thin foils and to irradiate these samples in the same conditions that atom probe needles. 

ODS steel are also produced in the form of massive materials (consolidated) in others groups. In order to compare consolidated steels and powder, same approach (ion irradiation, APT and TEM caracterisation) can be applied to massive materials. We propose to do this, if a lab involved in EFDA workprogram can provide us massive samples.

2010 activities 
- FIB preparation of atom probe and TEM samples

- Ion irradiations of the samples in JANNUS platform

- Atom probe and TEM characterisation of 14YWT ODS ferritic steels (in the case of TEM sample, depends on the success of FIB preparation)
	CEA
	0.80
	50.00
	0.00
	0.00

	
	WP10-MAT-ODSFS-02-02/CIEMAT/BS
Industrial fabrication of the present generation of nano-structured ODSFS

Subtask: Industrial fabrication of the present generation of nano-structured ODSFS.
Task Deliverable in Subtask: Metallurgical characterization of the Japanese ODSFS
Deliverable. Dec 2010 (Interim report). Determination of the microstructural and mechanical properties on the Japanese ODSFS.

BRIEF DESCRIPTION OF THE TASK DELIVERABLES 

Based on the large experience of Ciemat in the microstructural and mechanical characterisation on the (RAFMS) and nano-structured ODSFS, Ciemat is very interesting to participate on the metallurgical characterisation of the Japanese material.

The metallurgical characterisation of this alloy will include:

- Microstructural studies using different techniques. The investigations will be focussed to determine the microstructural features such as grain size, composition of secondary phases, size and chemical composition of nano-cluster, among others.

- Studies of tensile and charpy properties. 

- Fractographic examinations.

- Correlation between microstructural and mechanical properties.

This work will be carried out in full collaboration with the Carlos III University.

- Objectives:
1. To determine the microstructural and mechanical characteristics of the Japanese ODSFS. 

- How they will be performed:
1. Nano-structured ODS ferritic steels have very complex microstructure that needs to be clearly understood firstly before irradiation, in order to consider later the changes introduces under irradiation. For these reasons, the microstructural characterization will be performed by TEM/EDS, STEM/HAADF, HRTEM, EELS, APT and X-ray diffraction in extracted residue. The investigations will be carried out on thin foils and carbon extraction replicas.

2. The study of the mechanical properties will include the following tests:

- Tensile tests will be carried out in the temperature range from ambient to 800C, using small specimen tests technology.

- Charpy testswill be performed using sub-size KLST specimens over the temperature range

-170C to 200C.

- Test Facilities used:
Optical microscopy. 

Scanning electron microscopy (SEM) with EDS system.

Transmission electron microscopy (TEM) with EDS system incorporated (200KV JEOL/Lynk).

HRTEM

STEM/HAADF.

EELS.

APT.

X-Ray diffraction system (X'Pert Philiphs)

Servohydraulic testing machines.

Instrumented Charpy pendulum. 
	CIEMAT
	1.00
	21.00
	0.00
	0.00

	
	WP10-MAT-ODSFS-03-01/CIEMAT/BS
Developing the optimised generation of ODS nano-structured & nano-grained ferritic steels 

SUBTASK: ODS Ferritic steels as driven system under MA and subsequent thermal-mechanical treatment
TASK DELIVERABLES IN SUBTASK: Influence of excess of oxygen on nano-cluster formation of ODSFS produced by mechanical alloying and reactive milling.
Deliverable II.a Jul- 2010 (Intermediate report):Effect of the excess of oxygen on the nanocluster formation of a 14Cr ODS FS fabricated by mechanical alloying.

Deliverable: III.a. Dec 2010 (Final report):Effect of the excess of oxygen on the nanocluster formation of a 14Cr ODS FS fabricated by reactive milling.

BRIEF DESCRIPTION OF THE TASK DELIVERABLES:

The study of nano-clusters formation on 14CrWTiODSFS will be performed on powder and sintered materials with different annealing treatments

Two types of ODSFS will be investigated, one produced by mechanical alloying and other produced by reactive milling. The effect of oxygen excess will be studied varying the chemical composition.

- Objectives:
- To contribute to the optimization of the fabrication route of 14Cr ODSFS

- To improve the understanding of the nano-cluster formation of 14Cr ODSFS

- How they will be performed:
Different heats of 14CrWTi ODSFS will be fabricated by two different ways: One by mechanical alloying with Yttria and another one by using reactive milling. The oxygen content will be varied in order to study the effect of the excess of oxygen on the nucleation of nano-clusters.

Characterization ofthe resulting microstructure, included nano-clusters will be performed by X-Ray Diffraction, SEM, TEM and SANS. C, O and N content will be determined by LECO equipments.

- Test Facilities used:
LECO

SEM-EDS

TEM-EDS

XRD

SANS

Nanoindenter
	CIEMAT
	0.50
	56.00
	0.00
	0.00

	
	WP10-MAT-ODSFS-03-02/CIEMAT/BS
Developing the optimised generation of ODS nano-structured & nano-grained ferritic steels 

SUBTASK: ODS Ferritic steels as driven system under MA and subsequent thermal-mechanical treatment
TASK DELIVERABLES IN SUBTASK: Influence of hot extrusion parameters on the microstructure of a 14CrODSFS produced by reactive milling.
Deliverable: Dec 2010 (Final report): Report on the influence of hot extrusion parameters on the microstructure of a 14CrODSFS produced by reactive milling.

BRIEF DESCRIPTION OF THE TASK DELIVERABLES - Production of different 14CrODSFS heats by reactive milling under different hot extrusion parameters:
o Microstructural characterisation of 14Cr ODSFS milled powders produced by reactive milling by using different techniques (see Annex I)o Microstructural characterisation of the produced microstructure on the laboratory scale batches of 14Cr ODSFS after hot extrusion.
-Objectives:
- To contribute to the optimization of the fabrication route of 14Cr ODSFS by the investigation of the effect of hot extrusion parameters on the nano-structured and nano-grained microstructure

-How they will be performed:
Laboratory scale batches of 14CrWTi ODSFS will be fabricated by using reactive milling process. Different parameters during hot extrusion process will be used and their effect on microstructure will be assessed.

Characterization of the resulting microstructure at intermediate stages (after reactive milling) and after hot extrusion will be performed by XRD, SEM-EBSD, TEM, SANS and nanoindentation.

- Test Facilities used:
Scanning electron microscopy (SEM) and EBSD system.
Transmission electron microscopy (TEM) 
X-ray diffraction
SANS
Nanoindenter
	CIEMAT
	0.50
	86.00
	0.00
	0.00

	
	WP10-MAT-ODSFS-03-03/CIEMAT/BS
Developing the optimised generation of ODS nano-structured & nano-grained ferritic steels 

SUBTASK: Developing radiation resistant ODS ferritic steels with improved plasticity
Deliverable IIIb. Dec. 2010.Report on: the effect of selected parameters of consolidation High Speed and ECAP processes for ODS powders prepared by HEBM.

Deliverable IIIb. Dec. 2010..Report on: production of nano-grain sized model 14YTW ODSFS. Determination of their microstructure and mechanical properties versus temperature.

BRIEF DESCRIPTION OF THE TASK DELIVERABLES 

Fabrication at laboratory scale of nano-grain sized model 14YTW alloys. The alloys will be produced by mechanical alloying in hydrogen atmosphere and subsequent consolidation by HIP. Different thermomechanical treatments will be used to produce nano-grained steels.

Microstructural characterization of the alloys. The nanoparticle dispersion will be characterized using TEM and APT methods. Determination of impact and tensile properties versus temperature. Correlation of mechanical properties with the microstructure.The work will be realized in collaboration with the Fusion Materials Group of CIEMAT and the Department of Materials of Oxford University.

-Objectives:
- Produce laboratory scale batches Fe-14Cr-2W-0.3Ti-0.3Y2O3 for microstructural and mechanical characterization.

- Optimize the production method to obtain materials with nano-grained and stable microstructure that favours the improvement of the mechanical properties.

- Microstructural and mechanical characterization of the produced alloys.

- Method:
-An alloy with composition Fe-14Cr-2W-0.3Ti-0.3Y2O3 will be produced.

- The raw powders will be mechanically alloyed in a ball mill under hydrogen atmosphere. Afterwards, the alloyed powder will be canned, out gassed and consolidated by hot isostatic pressing (HIP). 

-Diverse thermomechanical treatments will be applied. Dense materials will be forged and/or severe plastically deformed by Equal Channel Angular Extrusion (ECAE). 

- Composition and microstructural analyses will be performed as a function of temperature. Correlation with mechanical properties will give the best production route. 

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

· Device for consolidation by cold isostatic pressing 

· Equal channel angular extrusor 

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

· Furnaces for heat treatment 

· Metallographic microscope equipped with an image analysis system 

· Scanning electron microscope, 

· Analytical transmission electron microscope 

· X-Ray diffractometer 

Laser particle size analyser.

He pycnometer

LECO N-O-C-S analyser.

Microhardness tester and nanoindentor.

Universal testing machine with furnace up to 700 C.
	CIEMAT
	0.66
	19.00
	0.00
	0.00

	
	WP10-MAT-ODSFS-01-03/ENEA_Frascati/BS
SANS characterization of present generation of nano-structured ODSFS
Preliminary results obtained on mechanically alloyed nanostructured 9Cr Eurofer ODS steel have shown the usefulness of small-angle neutron scattering (SANS) to quantitatively investigate the evolution of nanoclusters as a function of the annealing temperature of the as-received material; namely these measurements showed that the evolution of the nanoclusters starts at lower temperatures than those commonly assumed and allowed to characterize the size distribution of these clusters.

It is now proposed to carry out, in collaboration with FZK, SANS measurements to characterize the influence of the Ti/Y2O3 ratio on the evolution under tharmal treatment of nanoclusters in 14CrODSFS. The SANS measurements will be carried out at the High Flux Reactor of the ILL-Grenoble, both at room temperature on thermally treated samples and by in-situ equipment to investigate the onset of nanocluster evolution. The SANS data analysis will yield the size distributions of these clusters, to be compared with the TEM observations to be carried out at FZK in the frame of a separate task. Fundamental information will be obtained on the microstructural evolution of 14 Cr ODSFS, contributing substantially in its optimisation for fusion technologies.

Work to be performed:

- SANS measurements at room temperature on annealed 14ODSFS

- in-situ high temperature SANS measurements on 14ODSFS

-SANS data analysis, comparison with TEM and other techniques, final report.
	ENEA_Frascati
	0.80
	10.00
	0.00
	0.00

	
	WP10-MAT-ODSFS-01-04/ENEA_Frascati/BS
Developing the present generation of nano-structured ODSFS

The proposed ENEA activity will be exclusively focussed on the optimization of the thermal-mechanical treatment (hot extrusion) versus microstructure, crystallographic texture and mechanical characterization (tensile, charpy). The activity will be performed at the Centro Sviluppo Materiali-Italy which had the relevant skills and experience and the needed equipment. The activity will include:
a) Powder canning: CSM will receive the MA ODS powder and will manipulate under Ar environment in a glove-boxto prepare the stainless steel simple geometry cans.

b) The cans will be evacuated up to the limit of 2x10-5 mBar with an oil-diffusion-pump also with the help of a under-vacuum hot furnace. The sealing of the cans will be made under vacuum but at room temperature.

After the sealing the cans could be HIPped and or directly hot extruded with a minimum Extrusion Ratio of 9:1 in order to promote a complete consolidation and grains recrystallization.

After the consolidation the materials will undergo a detailed metallographic examination to assess the good compaction and phase composition.

The material could be de-canned by mechanical machining.

Material characterisation:
The manufactured material will be examined by mean of an SEM+EDS microscope in order to describe the microstructure and phase composition. Moreover a deeper TEM examination will be adopted to describe the nano-particle/cluster of the ODS material.

Charpy V-Notch tensile and fatigue tests specimens will be machined for the related mechanical tests at room and high temperature. In particular tests at RT, T=600C and T=1100C will be carried on the material. The fracture surfaces will be examined to describe the cracking mechanism acting .

Duration : nine months
Equipments:
- Oil diffusion Vacuum-pump and addressed devices for powders canning.

- Exrusion Press (Horizontal 800 Tons- Schoelemann)

- TEM

- SEM+EDS

- Universal Testing Machine MTS-100
	ENEA_Frascati
	3.50
	0.00
	0.00
	0.00

	
	WP10-MAT-ODSFS-01-01/FOM_NRG/BS
Developing the present generation of nano-structured ODSFS
Characterization of the present generation of nano-structured ODSFS. The mechanical 

testing of 14YWT (14Cr-Y-W-Ti) including Charpy testing (DBTT), tensile testing in a wide temperature range (RT - 800 oC), and high temperature fatigue (550 oC and 650 oC). Typically 21 tensile (3 test per temperature, 7 temperatures), 20 Charpy and 24 LCF (4 tests per condition, 2 temperatures and three strain ranges) specimens will be tested.
	FOM_NRG
	0.29
	6.81
	0.00
	0.00

	
	WP10-MAT-ODSFS-02-01/FOM_NRG/BS
Industrial fabrication of the present generation of nano-structured ODSFS
Characterization of Japanese ODSFS using tensile testing in a wide temperature range (RT - 800 oC) and Charpy impact tests (DBTT). Typically 21 tensile (3 test per temperature, 7 temperatures) and 20 Charpy specimens will be tested. 
	FOM_NRG
	0.09
	15.74
	0.00
	0.00

	
	WP10-MAT-ODSFS-04-01/FOM_NRG/BS
Stability of ODS ferritic steels under creep and irradiation 

First screening creep tests on two ODSFS batches at 650 C at two stress levels. As first creep tests 8 specimens (4 specimens per material) is propose to be tested at one temperature.
	FOM_NRG
	0.15
	13.33
	0.00
	0.00

	
	WP10-MAT-ODSFS-01-01/IPP-CR/BS
Study of the micro-mechanisms of fracture of 14% Cr ODS ferritic steels.
The distinctive degradation of fracture properties of ODS variant of the (14 and 18)Cr-X steels had been observed. It is connected mainly with presence and shape of M23C6 carbides, with production way (pores and elongated grains produced by powder metallurgy) and with introducing incoherent nanometric oxide particles. In contrast to the carbide containing steels, there is no clear comprehensive idea of the role of nanometric oxide particles in fracture micromechanism. There are microstructural changes connected with operation temperatures (considered in range of about 550 - 650C) such as carbidic reactions (coarsening of carbides), grain coarsening and grain boundary embrittlement etc. Synergy of effects of the carbide and oxide particles with the influence of long term thermal ageing on fracture remains unexplained as well. Detailed understanding of failure mechanism of these steels in thermally unaffected and affected state is critical for their proposed future applications.

Ferritic ODS steels (mainly 14%Cr and 18%Cr) will be produced at CEA Saclay. Both plates and bars shape can be obtained after hot extrusion. Additionnal hot rolling and thermal treatment can also be applied. This complex manufacturing process induces a high anisotropy (texture) in the ODS ferritic steels both in terms of morphology (elongated grains) and crystallography (preferential orientation). RelevantFusion ferritic steels will be studied. 
	IPP.CR
	2.50
	20.00
	0.00
	0.00

	
	WP10-MAT-ODSFS-01-02/IPP-CR/BS
High temperature deformation mechanisms of ferritic ODS steels. Influence of the microstructure.
Study carried out in collaboration with B. Fournier in CEA, France.

B. Fournier will also submit a form for this project on his own.

The objective of the present action is to identify and quantify the deformation mechanisms taking place at high temperature in ferritic 14-18%Cr ODS steels. Such study implies firstly to characterize and quantify the microstructural homogeneity and to observe the microstructural evolutions after deformation. Mechanical tests coupled to very detailed microstructural observations and characterizations will thus be carried out.

Experimental programme on relevant fusion ferritic steels: 

Fatigue and tensile tests to look at the crack initiation mechanisms and damage mechanisms and the deformation mechanisms.

Fractographic examinations of tensile loaded and fatigue loaded specimens at various temperatures.

TEM examinations of tensile loaded and fatigue loaded specimens at various high temperatures.

Dedicated tests (to be defined) to know whether grain boundary sliding is a relevant deformation mechanism or not.

First attempt of Micromechanical modelling (crystal plasticity) of high temperature deformation.
	IPP.CR
	1.70
	10.00
	0.00
	0.00

	
	WP10-MAT-ODSFS-03-01/IPPLM_Poland/BS
Developing the optimised generation of ODS nano-structured & nano-grained ferritic steels 

The objective of the proposal is to evaluate the effect of high speed hot extrusion on microstructure and mechanical properties of ODS nano-structured & nano-grained ferritic steels.
Oxide dispersion strengthened (ODS) ferritic steels manufactured by powder metallurgy (PM) and consolidated by hot isostatic pressing (HIP) exhibit relatively weak impact properties, especially upper shelf energy (USE) and ductile-to brittle transition temperature (DBTT). This is mainly due to the absorption of oxygen taking place during mechanical alloying (MA), residual porosity and inhomogeneity of the structure after HIP process.

HSHE will be applied to ODS steel obtained by HIPing in order to reduce both residual porosity and grain size. It was already shown for a number of materials (including Eurofer 97 steel) that HSHE is an efficient way of grain size refinement down to nanometer scale. Such a refinement results in a substantial increase in mechanical strength. An appropriate combination of strength and ductility requires a proper selection of processing parameters, e.g. extrusion temperature, reduction ration and/or post-processing heat treatment. 

In this work, samples of ODS steel will be subjected to HSHE at various temperatures. Microstructure will be evaluated using TEM and high resolution STEM techniques, including local measurements of chemical composition. The properties will be determined via microhardness measurements, tensile and Charpy impact tests. Thermal stability of obtained samples will also be assessed.

Deliverable:
Report on he effect of high speed hot extrusion on microstructure and mechanical properties of ODS nano-structured & nano-grained ferritic steels.
	IPPLM
	1.20
	6.00
	0.00
	0.00

	
	WP10-MAT-ODSFS-03-01/IST/BS
Developing the optimised generation of ODS nano-structured & nano-grained ferritic steels 

Reactive milling will be used to prepare 14YTW Fe ODS materials. The effect of the energy input and duration of milling on the high temperature phase constitution will be studied. Characterization with DTA; TEM; XRD; SEM; hardness 
	IST
	0.60
	15.00
	0.00
	0.00

	
	WP10-MAT-ODSFS-01-01/KIT/BS
Closed cycle production of of nano-structured ODSFS

Objectives: Optimising properties of ODSFS by applying a closed cycle production route and assessment of the evolving microstructure during HIP and thermal tratments

Activities: The efforts undertaken at FZK and CRPP/EPFL to develop 14 Cr ODSFS with good strength, ductility and good impact (or fracture toughness) properties were only partly successful. The tensile ductility at higher temperatures is worse than that of 9Cr ODSMFS (ODS-EUROFER) and the impact properties did not reach the good values of ODS-EUROFER with respect to Upper Shelf Energy (USE) or Ductile to Brittle Transition Temperature (DBTT). Further development is still necessary. Fractography of fractured notched 3PB specimens revealed the existence of precipitates within the dimpled fracture surface.

One approach to improve fracture toughness is to establish a new production line which avoids the uptake of oxygen during the different production steps. The problem of undesired uptake of oxygen is independent of the milling atmosphere. Recent experiments to keep the O content very low using a closed fabrication line are very promising.

The influence of Ti/Y2O3 ratio >1 shall be investigated with respect to the evolving nano-cluster (or particle size). Preliminary SANS experiments performed by Roberto Coppola (ENEA) showed that the evolution of nano-clusters starts at lower temperatures as assumed. That means that the assessment of the evolving microstructure during HIP and thermal treatments has to be examined not only by conventional optical and electron optical methods (TEM) but also by advanced methods like ATP and SANS. SANS shall performed in close cooperation with ENEA at the ILL in Grenoble within a separate task.

Work to be performed:

- Production of MA 14Cr ODSFS powders with varying Ti/Y2O3 contents.

- Applying closed cycle production to avoid O uptake.

- Control of O content.

- Optimisation of HIP parameters with respect to nano-cluster evolution

- Investigation of the microstructure applying LM, SEM, and TEM for microstructural characterisation.

- SANS experiments performed by ENEA.

- APT will be performed in cooperation with other associations.

- Investigation of closed cycle production on mechanical properties (tensile, Charpy)

Deliverable 12/2010: Status report
	KIT
	0.80
	20.00
	0.00
	0.00

	
	WP10-MAT-ODSFS-02-01/KIT/BS
Industrial fabrication of the present generation of nano-structured ODSFS
Objectives: Industrial fabrication of present generation nano-structured ODSFS

Activities: Based on the optimisation of the fabrication procedure (WP-08-09-10) and on the assessment of the possibility of fabricating, at a semi-industrial scale, the specification for a ~10 kg batch of present generationnano-structured ODSFSwill be defined in cooperation with other associations. The fabrication will be performed by splitting the fabrication route in different steps. Sub-contractors will be assigned for the different production steps and the whole production will be supervised and coordinated by FZK. Orders will be placed, with a delivery date mid 2011.

The production route comprises ordering of a heat according to the specification to be defined, gas atomisation, mechanical alloying, canning, degassing, hot isostatic pressing, rolling, and final heat treatment.

Work breakdown:

- Ordering a steel melt according to the specification; delivery date: June 2010

- Gas atomisation of the melt; delivery date: August 2010

- Mechanical alloying; delivery date: October 2010

- Powder characterisation, encapsulation, degassing; due date: November 2010

- Hot isostatic pressing; delivery date: December 2010

- Rolling trials, rolling; due date: March 2011

- Heat treatment trials, final heat treatment; due date: May 2011

- Delivery to associations; due date June 2011
	KIT
	0.00
	5.00
	0.00
	0.00

	
	WP10-MAT-ODSFS-02-01/KIT/PS
Industrial fabrication of the present generation of nano-structured ODSFS
Objectives: Industrial fabrication of present generation nano-structured ODSFS

Activities: Based on the optimisation of the fabrication procedure (WP-08-09-10) and on the assessment of the possibility of fabricating, at a semi-industrial scale, the specification for a ~10 kg batch of present generationnano-structured ODSFSwill be defined in cooperation with other associations. The fabrication will be performed by splitting the fabrication route in different steps. Sub-contractors will be assigned for the different production steps and the whole production will be supervised and coordinated by FZK. Orders will be placed, with a delivery date mid 2011.

The production route comprises ordering of a heat according to the specification to be defined, gas atomisation, mechanical alloying, canning, degassing, hot isostatic pressing, rolling, and final heat treatment.

Work breakdown:

- Ordering a steel melt according to the specification; delivery date: June 2010

- Gas atomisation of the melt; delivery date: August 2010

- Mechanical alloying; delivery date: October 2010

- Powder characterisation, encapsulation, degassing; due date: November 2010

- Hot isostatic pressing; delivery date: December 2010

- Rolling trials, rolling; due date: March 2011

- Heat treatment trials, final heat treatment; due date: May 2011

- Delivery to associations; due date June 2011
	KIT
	0.00
	0.00
	0.50
	60.00

	
	WP10-MAT-ODSFS-01-01/MEdC/BS
Microstructure characterization of ODS ferritic steels (ODSFS) by (HR)TEM, X-EDS, EELS and APT.
Specimens preparation, TEM (classical, not HRTEM) and X-EDS characterization of the microstructure and composition of ODS ferritic steels can be performed at NIMP-Bucharest.

Composition determination by HRTEM, X-EDS and EELS; (HR)TEM and EELS data processing  FIB samples preparation in order to be analysed by APT; APT raw data processing by 3D reconstruction are also in the scope of our capabilities. 

Collaborations with other laboratories like the Department of Materials at Oxford University - FIB sample preparation and APT analysis, the Department of Applied Materials Science at Katoelieke Universiteit Leuven - samples preparation by FIB and University of Barcelona, Spain - FIB samples preparation- would be very fruitful. 
	MEdC
	0.50
	1.00
	0.00
	0.00

	
	WP10-MAT-ODSFS-01-02/CRPP/BS
Developing the present generation of nano-structured ODSFS
Production of 1 kg batches: Optimization of the manufacturing route and conditions for ODS ferritic steels will be pursued, with some emphasis on final thermal-mechanical treatments in order to improve the fracture properties. Two batches of ODS ferritic steel of about 1 kg with the composition of Fe-14Cr-2W-0.3Ti-0.3Y2O3 will be manufactured by mechanically alloying elemental Fe, Cr, W and Ti powder particles with either Y2O3 or Fe2Y particles in a high-energy attritor and compaction of the milled powder by hot isostatic pressing. These two batches will complement the two batches of about 1 kg manufactured in 2009 by mechanically alloying either elemental Fe, Cr, W and Ti powder particles or pre-alloyed Fe-14Cr-2W-0.3Ti powder particles with Y2O3 particles in a planetary ball mill, respectively. Thermal-mechanical treatments: Small ingots of ODS ferritic steel with the composition of Fe-14Cr-2W-0.3Ti-0.3Y2O3 will be manufactured by mechanically alloying elemental Fe, Cr, W and Ti powder particles with either Y2O3 particles or Fe2Y particles and compaction of the milled powders by hot isostatic pressing. These small ingots will be then submitted to a variety of thermal-mechanical treatments and basically characterized, more especially in terms of DBTT and USE values measured by means of Charpy impact tests. When the adequate thermal-mechanical treatment to be used will be defined, it will be applied to the available 1 kg batches. Characterization of 1 kg batches: Following definition of the EFDA programme of characterization of the 1 kg batches produced at the laboratory scale, characterization of the batches will be started. The CRPP could contribute to their characterization in terms of TEM observations, long-term annealing experiments, tensile tests, Charpy impact tests and/or fracture toughness measurements, for instance. Characterization of hot extruded material (CRPP + CEA): A 500 grams batch of powder of ODS ferritic steel with the composition of Fe-14Cr-2W-0.3Ti-0.3Y2O3 and prepared from elemental powders has been sent in August 2009 to the CEA for compaction by hot extrusion using a cylindrical shape die, in order to complement a previous compaction experiment performed on the same material using a square shape die. The hot extruded bar will be characterized at the CRPP by means of TEM observations, Charpy impact tests and tensile tests, as soon as it will become available. Long term annealing experiments (CRPP + Oxford University): In spring 2009 small pieces of ODS ferritic steels with the composition of Fe-14Cr-2W-0.3Ti-0.3Y2O3, which had been manufactured by mechanically alloying elemental Fe, Cr, W and Ti powder particles with either Y2O3 particles or Fe2Y particles and compaction of the milled powders by hot isostatic pressing, were sent to Oxford University for TEM and APT analyses of oxide particles. In order to complement these analyses with investigations of annealing effects on oxide particles, small ingots of the above two types of material will be produced and annealed for various long times. They will be then characterized at the CRPP by means of Charpy impact tests and tensile tests and at Oxford University by means of TEM and APT analyses. 
	Swiss Confederation
	1.25
	50.00
	0.00
	0.00

	
	WP10-MAT-ODSFS-02-01/CRPP/BS
Industrial fabrication of the present generation of nano-structured ODSFS
Characterization of the Japanese batch(es): Following definition of the EFDA programme of characterization of the batch(es) to be produced and provided by Japan, characterization of the batches will be started. The CRPP could contribute to their characterization in terms of TEM observations, tensile tests and/or Charpy impact tests, for instance. 
	Swiss Confederation
	0.40
	10.00
	0.00
	0.00

	
	WP10-MAT-ODSFS-03-01/CRPP/BS
Developing the optimised generation of ODS nano-structured & nano-grained ferritic steels 
High speed hot extrusion experiments (CRPP + IPPLM): Batches of at least 500 grams each one of the most promising ODS ferritic steels developed under programmatic line (i) will be manufactured by mechanical alloying and hot isostatic pressing and sent to Warsaw University of Technology (IPPLM) for additional thermal-mechanical treatment by high speed hot extrusion. The materials to be treated will follow the manufacturing activities described under programmatic line (i). Characterization of the treated batches will be shared between the CRPP and IPPLM. For instance, Charpy impact testing could be performed at the CRPP, while TEM observations and tensile testing could be performed at IPPLM. 
	Swiss Confederation
	0.40
	5.00
	0.00
	0.00

	
	WP10-MAT-ODSFS-04-01/CRPP/BS
Stability of ODS ferritic steels under creep and irradiation 
Ion irradiations: TEM specimens of the most promising ODS ferritic steels developed under the programmatic line (i) will be irradiated/implanted with ion triple beams (Fe, H, He) in the JANNuS facility (Saclay, France) and post-irradiation/implantation characterized at the CRPP by using TEM. The number of materials and specimens to be irradiated/implanted as well as the irradiation/implantation conditions will depend on the JANNuS beam time that will be attributed to the CRPP in 2010. 
	Swiss Confederation
	0.35
	10.00
	0.00
	0.00

	
	Total
	
	23.75
	786.88
	0.50
	160.00


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-ODSFS-02-01/KIT/PS
	KIT
	Final report
	31. Dec 2010

	WP10-MAT-ODSFS-04-03/CEA/PS
	CEA
	Final report
	31. Dec 2010


4.3 Milestones
The results obtained within the Research Project Nano-structured ODS Ferritic Steel 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 inthe IDM database.

5. Priority Support Expenditure Forecast

The forecast of the total expenditures eligible for priority support in this Task Agreement is 215.000 kEuro. A full breakdown of forecast of expenditures is given in Annex 1. The Community financial contribution will be up to a maximum of 75.000 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
	CEA
	WP10-MAT-ODSFS-04-03/CEA/PS
	0.00
	0.00
	0.00
	0.00
	100.00
	100.00
	

	
	KIT
	WP10-MAT-ODSFS-02-01/KIT/PS
	0.50
	55.00
	0.00
	0.00
	60.00
	115.00
	

	Total 2010
	
	
	0.50
	55.00
	0.00
	0.00
	160.00
	215.00
	


Annex 2: Indicative mobility Support 

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

	2010
	
	
	
	

	
	CEA
	20
	23.0
	Missions

	
	CIEMAT
	9
	9.0
	M. Meetings, Workshops 

	
	ENEA_Frascati
	2
	2.0
	SANS experiment (Grenoble) scientific discussion (FZK)

	
	FOM_NRG
	9
	13.5
	2 monitoring meetings and 1 possible technical meeting with other member of the community

	
	IPP.CR
	2
	5.0
	visit the partners at CEA, France

	
	IPPLM
	2
	0.6
	Fusion Materials Topical Group Meetings

	
	IST
	2
	3.0
	Participation in meetings

	
	KIT
	8
	5.0
	steel manufacturer, mechanical alloying, rolling trials, HIP, gas atomising,

	
	MEdC
	1
	0.5
	Fusion Materials Topical Group Meetings

	
	Swiss Confederation
	4
	4.0
	Monitoring meetings 
Visit to IPPLM/Poland 
Ion Irradiations/Saclay

	
	Total
	59
	65.6
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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.





