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THE MATERIALS SELECTION IN ITER AND THE FIRST MATERIALS WORKSHOP
by Drs. R. Matera, V. Barabash, G. Kalinin and S. Tanaka, ITER Garching Joint Work Site

The selection of materials and joining technologies to be used in ITER is a trade-off between multiple and
often conflicting requirements derived from the unique features of the fusion environment. Materials selection
must encompass a total engineering approach, by considering not only physical and mechanical properties,
but also the components' manufacturing, their maintainability and reliability, and, finally, how they can be
recycled or disposed of at the end of machine operation.

The structural materials for the in-vessel components will operate under the simultaneous influence of
different life-limiting factors, such as neutron irradiation, hydrogen atmosphere, dynamic stresses, thermal
loads, cyclic mode of operation, and water cooling environment. Even though no safety functions are
attributed to the in-vessel components, to achieve good performance and adequate availability of the whole
machine they have to remain highly reliable throughout the design lifetime. Ease of fabrication, good
weldability, resistance to corrosion, good strength and fatigue resistance, adequate ductility and fracture
toughness after neutron irradiation are essential requirements.

The plasma facing materials have to cope with severe operating conditions {cyclic heat loads, high flux of
energetic particles, neutron irradiation, etc.). Their selection is mainly based on the expected lifetime under
sputtering erosion, thermal ablation, disruption damage and neutron irradiation. For low-Z materials (Be and
carbon based materials) tritium co-deposition and inventory play a major role in the selection. For high-Z
materials such as tungsten, plasma contamination and loss of melt layer during disruptions become key
considerations.

As far as technically feasible, the material choice has been oriented toward industrially available materials
and well established manufacturing techniques. This is very much the case for the structural materials of the
basic machine (cryostat, magnet case, vacuum vessel), for which a factor is the availability of industrial
suppliers with experience in forming and joining technology. The structural integrity of these components
throughout the entire design lifetime is important for machine availability and safety.

Taking into account specific requirements for each of the ITER components, the following materials have
been proposed for the design:

« Austenitic stainless steel 316 type is the main structural material for most ITER components, in particular:
vacuum vessel, back plate, blanket, components of cryostat, etc.

The austenitic stainless steel 316L(N)-IG (ITER Grade), based on the AISI 316L specification but with a narrower composition
range of the main alloying elements and a controlled addition of nitrogen, has been selected as the structural material for the in-
vessel components. Austenitic stainless steels are the most suitable, as these materials are qualified in many national design
codes, have adequate properties and a large experience base for cryogenic applications, and they are antiferromagnetic.
Moreover, they have good weldability, forging and casting properties. They have satisfactory resistance to stress corrosion
cracking, high levels of fracture toughness and adequate strength. There is an extensive database in the unirradiated condition,
an adequate database for material irradiated under ITER conditions, and a large industrial experience in nuclear applications.
The characterization of solid and powder Hot Isostatic Pressed (HIPed) steel confirms the HIPing can be successfully applied to
the manufacture of the shielding blanket module.

» Incoloy 908 is specifically developed as a Nb3Sn Cable-ln-Conduit-Conductor jacket material.



It can be characterized as a low coefficient of thermal expansion superalloy that contains 4 % by weight of chromium. Its
chemistry was derived to maintain a balance between a low coefficient of expansion to match that of NbsSn strand (to minimize
Jc and Tc degradation due to differential contraction after the reaction heat treatment), while maintaining its structural properties
over a range of Nb3Sn reaction heat treatments.

Ti based alloy (Ti-6AI-4V) is the main option for the "flexible" cartridge to connect the blanket module to
the back plate.

High strength titanium alloys have advantages compared to other candidate materials in components where impact loading is
expected and elastic flexibility is required. The comparison of the candidate materials shows that Ti-6AI-4V alloy has relatively
high strength (-900 MPa yield strength) and high flexibility due to low Young's modulus (approximately a factor of two less than
Inconel 718 or SS 316). Titanium alloys are widely used in chemical and aerospace industries. Among the commercial Ti alloys,
Ti-6I-4V was chosen as reference grade. Since it is widely used in different countries, there is an industrial experience in many
Hi-Tech fields and the data base of unirradiated material is relatively complete. Available data for irradiated material show that it
can be used at doses relevant to the current design.

A preliminary assessment shows that the high strength Ni alloy, Inconel 718, can be recommended for
the attachment of the blanket module to the back plate.

Inconel 718 is the current reference material due to its high strength and good ductility. The material has satisfactory fracture
toughness and fatigue lifetime. Inconel 718 is widely used in the nuclear industry. The material is produced commercially in the
form of bars, rods, plates, strips, etc. The critical point is stress relaxation under irradiation that will be studied in more detail
during planned R&D. As a back-up the high-strength Grade 660, also known as A-286, precipitation hardened stainless steel
could be considered.

Inconel 625 is the main option for the flexible branch pipe connection of the blanket module to the back
plate.

The material exhibits good corrosion resistance, high electrical resistivity, weldability with 316L(N)-IG steel and a satisfactory
radiation resistance. High electrical resistivity is one of the main requirements allowing a decrease of the electromagnetic loads
to the modules. This material is commercially available.

Two copper alloys have been selected for the heat sink of the Plasma Facing Components (PFCs), one
age-hardenable CuCrZr alloy and one dispersion strengthened (DS) alloy, CuA125.

Mechanical properties of both alloys are sufficient for the components to sustain thermal and mechanical loads and achieve the
design lifetime. After neutron irradiation, the optimized alloys exhibit better ductility than the nearest commercial produces. In
the relevant temperature range, CuCrZr-IG, if correctly heat treated, has better tensile properties and a higher fracture toughness
than CuA125-IG. As a consequence of component manufacturing (high temperature HIPing, armour brazing), however, CuCrZr-
IG may lose strength and thermal conductivity by overageing. In that case, CuA125-IG would be better as heat sink material.
Uniform corrosion rates are relatively low in copper alloys under controlled water chemistry, and there is no evidence of erosion-
corrosion effects.

Beryllium, CFC and Tungsten are the main options for the armour plates of the high-heat flux
components.

The plasma facing components have to cope with severe operating conditions and a high erosion rate limiting their lifetime.
Beryllium has been chosen as the armour material for =80% of the total surface exposed to the plasma (primary wall, upper baffle
and as primary option for the port limiters), on the basis of low main plasma pollution, absence of chemical sputtering, oxygen
gettering capability, and possibility of armour repair. S-65C beryllium was selected as the reference grade (DShG-200 is the
back-up), because of its resistance to thermal fatigue, availability, and previous experience in JET. Its high sputtering rate makes
beryllium less suitable in areas where CX sputtering is the dominant erosion mechanism (lower baffle, upper vertical target), here
tungsten provides the best erosion lifetime. In areas hit by high thermal fluxes during normal operation and large energy
deposition during plasma instabilities (lower vertical target, dump plate), Carbon Fibre reinforced Carbon (CFC) is selected
because it can resist very high heat fluxes and does not melt. However, its use has to be restricted to these regions, because of
the problems of chemical erosion and tritium retention, especially in the co-deposited layers. The development of Si-doped CFC
could somewhat mitigate the problem of chemical erosion.

The manufacturing technologies of the in-vessel components involve difference types of joints in the SS
structures, between SS and Cu alloys, and between copper alloys and plasma facing materials.

Narrow Gap Tungsten Inert Gas (NG TIG) and Electron Beam (EB) welding are the technologies recommended for the structural
welds, HIPing is proposed for the SS/Cu joints. New methods to join Be, W and CFC to the heat sink have been developed. The
characterization under thermal fatigue conditions of these joints has demonstrated that for each armour material more than one
joining method is available which fulfils, on small-scale mock-ups, the thermal fatigue requirement of PFCs, at least for
unirradiated materials. First results on the thermal fatigue behaviour or irradiated mock-ups are encouraging. Coatings could in
some instances represent a valid alternative to joining a solid tile onto the copper heat sink. Beryllium plasma spray is a suitable
technology for the initial fabrication of the primary wall. The same technology has been successfully applied to tungsten
coatings. (Tungsten coatings of the same thickness and the same heat flux limit were produced by Chemical Vapour Deposition



onto copper and Cu/W composite). To repair the uniform damage created by interactions with the plasma on the surface of the
PFCs, plasma spray is recommended for metallic armours. For more severe damage, an alternative repair method based on a
specially developed Al-Ge rheocast brazing alloy is being developed with encouraging results.

e In the area of plasma wall interactions, good progress has been achieved both at the laboratory level and
in the existing tokamaks to better quantify (1) the erosion mechanisms of the PFCs due to
sputtering/redeposition and to disruption, (2) the implications of tritium retention and removal on the
design, operation and safety of ITER, and (3) the problem of dust formation and coliection.

The rationale for the selection of materials and joining technologies of the ITER components is given in the
Materials Assessment Report (MAR). The MAR justifies the materials selection on the basis of the available
information from the open literature, the ITER R&D results, existing industrial experience, and other available
sources. It deals with materials as a part of a specific component, defining the functional requirements,
taking into account the manufacturing processes and their impact on the material properties. The effects of
in-service conditions on the component structural integrity are included.

The MAR is part of the ITER Final Design Report documentation, as well as the other documents where
materials are dealt with from different points of view: the Design Description Documents, the Material
Properties Handbook (MPH), and Appendix A of the Interim Structural Design Criteria (ISDC).

The MPH deals with materials as a commodity, independently of their final use. It is a collection of design-relevant data on physical
and mechanical properties of a large variety of materials of interest to Fusion Technology. It includes data available in the open
literature as well as data from the R&D programme.

Appendix A of the ISDC defines the allowables of the structural materials for the various failure mechanisms considered in the
construction code.

The first draft of the MAR for in-vessel components was completed at the end of October 1997 and sent to
the HTs for comments and for the preparation of the First Materials Workshop.

During the Workshop, held in Garching on December 1-5, 1997, the second draft was thoroughly discussed
and implemented with the additions of the most recent data of the R&D program presented by the HT
representatives.

The Workshop was attended by 39 representatives of the four HTs, representing the whole scientific
community involved in the ITER Materials R&D program, and by 14 JCT staff members from San Diego and
Garching JWS.

During plenary sessions, the HTs' representatives presented the latest results not yet included in the MAR
and gave their general comments on the Materials Selection in ITER. In two parallel sessions each chapter
of the MAR was thoroughly discussed and revised in order to fully represent a common opinion of HTs and
JCT on the final recommendations for the materials and technologies to be used for the in-vessel
components.

The outline planning of the working program to be carried out after July 1998 was a presented by the HTs.
They expressed their views on areas where additional data are considered to be necessary.
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