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ABSTRACT: The Fukushima Daiichi event has demonstrated &g fior improved nuclear energy safety, prompting
amongst other efforts the development of acciddatant fuels (ATFs), which are expected to overetine inherent
technical shortcomings of the standard zircaloypd@els. The main objective of the IL TROVATORE@mtdg to optimize
and validate, in an industrially-relevant environmbiesome of the most promising ATF cladding makefiar use in light
water reactors. The ATF cladding material conceptgposed in IL TROVATORE are expected to demomessighificant
improvement in performance when compared to theeatifuel cladding materials, thus helping to takeritical step
towards an improved energy safety worldwide. Tdeaahits ambitious objectives, IL TROVATORE rebie@cademic
excellence and industrial support, while also iviod) standardization bodies and nuclear safety kaguy authorities to
accelerate the transfer of key innovation to maratce the IL TROVATORE project is put forth tdrads a pressing

global challenge, it is an international collaborat between Europe, the USA and Japan.

KEYWORDS: accident-tolerant fuels (ATFs), fuel cladding mmizts

[.INTRODUCTION

Safety, reliability and economic considerationséhalways been the driving force for the continumoprovements in
nuclear fuel system performance. Today's light wagactor (LWR) fuels are based on the J¥®conium alloy system,
which achieved full maturity and excellent performoa records after several decades of researchn retiexperience and
steady technological advancements. The tsunanovolly the Great East Japan Earthquake in March 2@ibked a
prolonged station blackout (SBO) of the Fukushingchii plants, followed by core meltdown, hydrogexplosion and
release of radioactive matter beyond the powertglantainments. The material and immaterial conseges of this event
prompted international discussions on the neces$ignhanced accident tolerance in LWRs, as ieflected, for example,
in the amended European Nuclear Safety Directivai(iCil Directive 2014/87/EURATOM of July 2014).

When compared with the standard #rconium alloy system currently used, nuclearl feigstems with enhanced
accident tolerance (Ref. 1) can tolerate loss tff@@ooling in the reactor core for considerabtglpnged periods during
design-basis accidents (DBA) and design extensmmditions (DEC) (also known as “severe acciden&A), while
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maintaining or improving the fuel performance dgrimormal operation and operational transients {€grdted operational
occurrences”, AOO). Enhanced accident tolerandedies reduced steam reaction kinetics, lower hyanageneration rate,
delayed core degradation and reduction of theainitiored energy in the core, while retaining ataigle cladding and fuel
thermomechanical properties, fuel-clad interactiamsl fission product behaviour.

Efforts directed towards ATF development are deptbgt both national and supranational levels. briay 2017, the
European Commission evaluated favorably the H20&fjegt IL TROVATORE (“Innovative cladding material®or
advanced accident-tolerant energy systems”). IL VRDORE gathers thirty organizations from Europes thSA and Japan
with the aim of accelerating ATF cladding matedalelopment, in response to the pressing globaetsband industrial
demand for enhanced nuclear energy safety in theertugeneration LWRs. IL TROVATORE aims at optimg and
validating some of the most promising ATF claddimgterial concepts in industrially-relevant condiso The present paper
describes the material down-selection process egpg&rformance indicators implemented in the IL MADORE project.

[I.MATERIAL DOWN-SELECTION IN H2020 IL TROVATORE
I1.A. Initial ATF Cladding M aterial Pre-selection

IL TROVATORE focuses on innovative fuel claddingteréal concepts with potential for enhanced acdidelerance;
these materials have achieved an experimental qpfoobncept and have also undergone validatiorhénlab, at least for
some of the key fuel cladding properties. A critipeellselection of candidate materials with the poterttiahddress the
stringent requirements of the ATF cladding appiarathas already been performed, taking into acctimtlatest global
academic and industrial achievements. The ATF ahapichaterial concepts to be further studied in ROVATORE are:

1. Select SiC/SiC composite conceptseduced by different processing routes and witfergnt performance-defining
fiber/matrix interfaces. Apart from their refradteess, the great advantage of SiC/SiC compositebeis damage
tolerance, i.e., the fact that they exhibit pseudoctile fracture with high strain at failures & 0.5%) in contrast to the
brittle fracture of monolithic SiCef < 0.1%).

2. Coated cladding material concepdse considered an appealing (né@rm) technology, since their performance will
rely on the performance of the weknown/commercial substrate clads that are expdoteemain largely unaltered by
the applied coatings. Both coatings and coatingtsate interfaces will be tailored to guarante@abd performance in
application-relevant conditions. IL TROVATORE wilbt evaluate all ‘mature’ coated ATF cladding miaesoncepts,
as some of them are currently being evaluatedheratesearch reactors or might soon be evaluatpdwrer reactors.
Under the IL TROVATORE initiative, the following bstrate-specific coating types are considered:

a. Nanolaminated ternary carbide coatings (MAX phasebsolid solutions thereof) with tailored compiesitand
microstructure to achieve adequate higgmperature stability and oxidation resistance. MpKases are
capable of self-annihilation of radiation-induceefetts at elevated temperatures representativeadental
scenarios. Moreover, some MAX phases have demeedtr@markable selfhealing of cracks in oxidizing
environments.

b. Nanocrystalline oxide coatings engineered to thedaeof the end application. Some of the considerede
coatings have already demonstrated hitggmperature stability, radiation tolerance and capdor self irepair
of mechanical damage, but have not yet been validatan industriallyrelevant environment (water, neutrons)
or under LOCA conditions (hightemperature steam). Other oxide coatings have dyirshown excellent
corrosion resistance in water and high-temperaiteam, but have not yet been studied with respertdiation
tolerance.

3. GESA surfacealloyed cladsthat form in-situ thin oxide scales capable ofyiling corrosion and wear protection to
the substrate clad. The GESA (Gepulste ElektrohE&alage) process is used to surfaceodify commercial clads by
means of an intense pulsed electron beam; thetwtall@and chemical material modification is limiteddepth (30150
um), thus ensuring no deterioration of the bulk grties of the surface-alloyed fuel cladding materia

4. Oxideldispersedistrengthened (ODS) iranchromiuniJaluminum (FeCrAl) alloy cladshould ideally combine the
high-temperature oxidation resistance of FeCrAdyalwith the superior resistance of ODS ferritioyd to irradiation
creep and swelling. Strengthening the FeCrAl makyxincorporating oxide dispersoids is expectedallow the
reduction of the cladding thickness, neutralizihg neutronic penalty associated with the use ofbeésed alloys
instead of zircaloys.
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[ILA.1. SiC/SiC composite clads

Some of the recent progress in the developmergai-light SiC/SiC composite cladding tubes is shawhigs. 1a-1b
for the DEMO-NITE SiC/SiC clads developed by OASISrganization of Advanced Sustainability Initiatifer Energy
System/Material), MuroraniIT, Japan, and in Figslédor the “sandwich” SiC/SiC clads developed WyAC France. The
DEMO-NITE process uses a polymer-based slurry 6f isano-powders to infiltrate SiC fibers that haeei CVD-coated
with pyrolytic carbon (Ref. 2); the intermediateC&iC materials (green sheets prepreg sheets, preforms) turn into
fully-densified tubes based on the transient eiggmbcess by means of pressure-assisted sintergtgods (hot pressing,
hot isostatic pressing). The CEA “sandwich” SiCddig concept contains a thin (50-1ath) metallic liner between two
layers of SiC/SiC composites (Fig. 1c) (Ref. 3k thiddle metallic layer, which is Nb or Ta in fughdding concepts for
Gen-IV gas-fast reactors (Gen-IV GFRs), will béaiad to meet the needs of the ATF cladding apptioa Cladding tubes
can be produced with different fiber braiding patse(Fig. 1e), so as to tailor the material meaterproperties.

Al surface-alloyed layer

316 base steel 20 um

5, (h)
i

Fig. 1. DEMO-NITE SiC/SiC cladding: (a) fracturerface showing fiber pull-out, fiber & matrix micrarystallinity and
perfect densification; (b) tubes. The CEA SiC “saiuth” concept: (c) tube cross-section showing (1)jramer SiC/SiC layer,
(2) a middle metallic layer, and (3) an extern&/SiC layer; (d) tube; (e) SiC/SiC layouts withfdient braiding patterns:
() filament winding, (Il) 2D braiding, and ()3 braiding. (f) GESA FeCrAlY-coated DIN 1.4970 stiaiss steel cladding
tubes exposed at 68D for 8500 h to liquid LBE with 1@ mass% oxygen. (g) GESA Al surface-alloyed 31én&tas steel
exposed at 60C for 10000 h to liquid LBE with 1®mass% oxygen. (h) GESA process of surface motificdy an
intense pulsed electron beam: volumetric heatinfprmation of a melt layer. restructured surface-alloyed layer.

II.A.2. GESA surface-alloyed clads

The GESA process (Ref. 4) has already been sucdlgsspplied to modify steel clads intended for is&en-1V lead-
fast reactors (Gen-IV LFRs). For example, the sigfalloyed stainless steels DIN 1.4970 and 316s(Fift1g) have been
exposed for long times to liquid lead-bismuth etited BE) at high temperature (6€00) without suffering the typical liquid
metal attack, due to the in-situ formation of atpetive alumina scale. Typically, the GESA proces®lves the deposition
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by plasma spraying on the steel surface of a Fe€oating (20-4Qum-thick), followed by melting of the coating by émse
pulsed electron beam; the restructured surfacgeditayer acts as a ‘reservoir’ layer of Al atormattenables the in-service
formation of an alumina scale (Fig. 1h). This tedbgy has been upscaled to 1 m-long tubes; italsilitty for the targeted
ATF application relies on the chemistry of the @&gglcoating and the hydrothermal stability of tixée scale that will form
in service. It is believed that the latter can t@rioved, if necessary, by the co-deposition ofappropriate dopants during
the first stage of the GESA process; dopant co-siéipn is expected to improve the oxide scale htftbomal stability,
presumably by dopant grain boundary decoratiomgduttie restructuration of the surface-alloyed layer

IILA.3. MAX phase-coated clads

The MAX phases are a fascinating class of layerdiis with hybrid metallic-ceramic behavior and jpesties that
depend on stoichiometry, which is given by the gahformula M+1AX,, where M is an early transition metal, A is an A-
group element, X is C or N, and n typically takies values 1, 2 or 3. MAX phases form solid solwgion the M, A and X
sites; solid solutions may often have better prigperthan the ‘parent’ MAX phases (Ref. 5). Forrapée, the thermal
stability of the (Nb,ZrjAlC; solid solution (Ref. 6) is better than that of gtarting NbAIC3; the thermal stability of the
former is comparable to that of refractory metalsadd Mo (Fig. 2f). The fact that many of the prdgsr of the MAX
phases (e.g., deformability, thermal stability,d@ation resistance, etc.) can be tailored by pradusolid solutions makes
them quite versatile materials; for example, (2eAIC (Figs. 2b-2c) has an improved oxidation resiseacompared to the
‘parent’ ZLAIC (Fig. 2a).
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Fig. 2. (a) MAX phases in the Zr-Al-C system (I&dtzAlIC; right: Zr;AIC,) are the basis for the development of oxidation-
resistant solid solution coatings with financiadlgeeptable neutronic penalty. Producing phase{déX phases and solid
solutions thereof is often challenging: STEM imagéa (Zr, TipAIC MAX phase grain next to a ZrC ‘impurity’ graii)
and the interface between them (c). (d) Neutraadiated TiSiC; at [I735°C to 3.4 dpa: large defect-denuded zones are
established next to MAX phase grain boundaries j3BRich act as potent radiation-induced defectKsi; the T§SiC,
MAX phase grain appears less damaged than thebwiigly TiC grain (inset). (e) Neutron-irradiatedSiiC; at[11085°C to
3.4 dpa: the grains appear devoid of defects, éXomm few isolated dislocations (arrows). (f) Caanigon of the high-
temperature stability of select MAX phases (comia¢idaxthal 21F & 3127 produced by Sandvik, Sweden, and
(Nb,Zr)sAIC3 solid solution) with that of refractory metals gaten (W) and molybdenum (Mo).
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The MAX phases exhibit better high-temperatureatin tolerance than their respective binary caicn example is
given in the inset of Fig. 2d, which shows a higlmaged TiC grain next to a defect-fregSIT, grain, both irradiated at
[0735°C to 3.4 dpa. The fact that the MAX phasescaable of effective self-annihilation of radiatimuced defects at
elevated temperatures (700-11G0 Figs. 2d-2e) makes them promising coating maefor ATF clads. Producing phase-
pure MAX phases is challenging, as the produced M#ase-based materials often contain non-negliginb@unts of
‘parasitic’ phases (Figs. 2b-2c) that can leaditi@intial swelling-induced intergranular crackingder neutron irradiation.
The aim of MAX phase research in this project isyathesize phase-pure, compositionally- and miarosirally-tailored
MAX phases that will subsequently be applied aginga on commercial clads. MAX phase coatings halveady been
successfully deposited on different substratesplaama vapor deposition techniques (Ref. 7) and sptaying (Ref. 8);
similar low-temperature coating deposition appreactvill be adopted in this project, so as not terahe substrate clad
microstructure and bulk properties. The coatinggtaite interfaces in the candidate MAX phase-coelid concepts will be
engineered to ensure reliable in-service performamder both nominal and transient/accidental ajperaonditions.

I1.LA.4. Oxide-coated clads

High-quality nanocrystalline alumina (&)s) coatings have been successfully made by pulsss Beposition (PLD).
These coatings, often vitreous in the as-deposiiatet, started immediately crystallizing under lygamn irradiation (dual ion
beam of 12 MeV ARl and 18 MeV W), maintaining their crystallinity up to high dpavkls (20-150 dpa; no delamination
was observed up to the maximum achieved displaceduse of 450 dpa; Figs. 3b-3c). These coatings ll@monstrated a
remarkable resistance to mechanical (even impact)jage, as shown by the adherence of the nano-iethaotting to the
substrate (Fig. 3d). TEM analysis has shown thatctiack-like features in Fig. 3d are filled witlireous matter, indicating
that these coatings might have a remarkable altdityelf-repair mechanical damage (Ref. 9). Thedrvice irradiation of
impacted/damaged coatings is expected to resutystallization of the vitreous matter filling tleeack-like features, thus
resulting in coatings with remarkable self-healoagacity.

Fig. 3. (a) Dopant-specific grain boundary decorath 3Y-TZP (3 mol% yttria-stabilized tetragonallycrystalline
zirconia). Grain boundary decoration of 3Y-TZP eeies by L&*, NdB* and APF* dopants increased their hydrothermal
stability; grain boundary decoration — and consatyémprovement of the hydrothermal stability betdoped oxides —
could not be achieved by adding®S@EM images of heavy ion-irradiated amorphousOalcoatings made by PLD show
nanocrystalline domain formation — 20 dpa (b) aragh — 150 dpa (c). (d) TEM data of a nano-impdcteavily ion-
irradiated (150 dpa) ADs coating deposited by PLD: crack-like featuresfiliel with vitreous matter as result of impact-
induced local amorphisation.
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If needed, the resistance of the nanocrystallindeoxoatings to hydrothermal ageing could be impdoby the co-
deposition of select dopants that segregate prafally at grain boundaries during radiation-endbégystallization. The
concept of improving the hydrothermal stability afides by grain boundary engineering has been dstraiad by the
addition of various dopants to 3Y-TZP (3 mol% wtstabilized tetragonal polycrystalline zirconignthl ceramics: some of
the added dopants (Fa N&®* and AF*) effectively decorated the material grain bounerfFig. 3a), thus preventing the
intergranular diffusion of water species that ingidered responsible for hydrothermal ageing (R@f. The composition of
the oxide coatings will be substrate-specific (othwddes are foreseen for conventional clads, siscrircaloys, and other for
innovative clads, such as SiC/SiC composites) hadtibstrate/coating interface in each coatedreysi# be engineered to
guarantee reliablim-service performance under both nominal and tesm&ccidental operation conditions.

[I.LA.5. ODS-FeCrAl alloy clads

Oxide-dispersed-strengthened (ODS) iron-chromiuam@tum (FeCrAl) alloys produced by mechanical ahgyare
very promising candidate ATF cladding materialss tlutheir excellent oxidation resistance in stegmnto 1450C and their
appealing mechanical properties (high strengthdgesistance to irradiation creep and swelling)f.(R#&). Their oxidation
resistance is attributed to the combined Al and@tent of the FeCrAl matrix (both Al and Cr formofective oxide scales),
while their mechanical performance is associatetth wie distribution of ultra-fine dispersoids iretkeCrAl matrix (Fig.
4a); these dispersoids are capable of pinning @isilons, resulting in high yield strengths at alhperatures. Strengthening
the FeCrAl matrix by incorporating oxide dispersoid deemed necessary for these clads, since thsyybm manufactured
with reduced thickness (< 4Q0n) to compensate for the neutronic penalty assetiaith the use of Fe-based alloys instead
of zircaloys.
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Fig. 4. ODS-FeCrAl alloys: (a) TEM image a certegCrAl alloy with nanosized oxide dispersoids —kdzarticles —
dispersed in the grey FeCrAl matrix. (b) Yield sigth vs. total elongation for alloys (ss: stainlsteels; ms: martensitic
steels; SA: solution-annealed; CW: cold-worked; A&Q:quenched; T: tempered) irradiated at’82i the OSIRIS research
reactor up to 9 dpa; the ODS alloys (MA957 & EM10Q®Y) exhibit appreciable residual ductility at a do$® dpa. (c) Fe-
14Cr ODS tube produced at CEA Saclay (outer diamefd®.7 mm; wall thickness = 0.50 mm).
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In the past 15 years, the development of the OREdiads has mainly targeted Gen-IV sodium-fastiera (Gen-1V
SFRs) and Gen-IV supercritical water reactors (BESCWRS). The previously achieved progress in (D& cladding
tube fabrication (Fig. 4c) will be exploited to ddep ODS-FeCrAl alloys suitable for the ATF applioa. At present, the
international community is mainly studying ODS-FACalloys with (5% Al and 12-20% Cr: the highest end of the Cr eang
favors oxidation resistance, while 12-15% Cr isetpd to limit the formation of the brittté-Cr-rich phase upon neutron
irradiation at low temperatures. The neutron iragidn tolerance of ODS alloys appears to be vetigfaatory, both in terms
of microstructural stability and mechanical progedtention after irradiation (Fig. 4b), which is additional motivation for
the ongoing development of various ODS-FeCrAl atjogdes.

IILA.6. Predictive modeling activities

The reliable prediction of the long-term in-servisehavior of the candidate ATF cladding conceptsliet in this
project demands the development of robust predictiodels that are based on the understanding @ndade simulation of
the damage accumulating in the material's lifetiffrethat end, various approaches will be tried, ohehich relies on the
use of the FEMME (Finite Element Microstructure Mderee) fracture model to simulate the thermomeid@megradation
and deformation process to failure of complex ftladding materials (Ref. 12), such as the SiC/Si@mosites studied in
this project. The FEMME model uses microstructwieted input acquired by means of 3D imaging (m@mmputed X-ray
tomographyuXCT, combined with digital volume correlation, DV®) simulate in-service damage evolution in a cost-
time-effective manner (Fig. 5).

(a)

(N (n (1)

Maximum principal stress (MPa)

™~ 3D map of

deformation field : A vimze A rores SRS 11 (1 TR
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Fig. 5. (a) The mechanical damage (arrows) in dSSCcomposite cladding tube is revealed in thémesolution (0.7tm
voxel size)uXCT scan of the tube cross-section; the 3D impogssi the deformation field around the site of nathal
damage is given by DVC. (b) The FEMME (lll) 3D silation of thermomechanical damage evolution provide
comparable level of discretization (accuracy) éisafinite element model (I1), but at the low couatational cost of a coarse
finite element model (1).

I1.B. ATF Cladding M aterial Screening before Neutron Irradiation in BR2

This section describes the ATF cladding materialmtgelection process in IL TROVATORE prior to theadiation in
BR2 (Belgian Reactor 2) at SCKeCEN. The BR2 irréidiacampaign aims at providing validation of thesbATF cladding
concepts in an industrially-relevant environmerd,,iunder neutron irradiation up to a maximum ldispment of 7 dpa in
PWR-like water. The candidate ATF cladding matecehdidates and their joints/welds will be irradthsimultaneously in
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BR2, so as to pinpoint the most suitable matejidd(sthe targeted application, thus expeditingtta@sfer of the anticipated
key innovation to market. The first 2 years of fghr@ject will be dedicated to the optimization oktpre-selected ATF
cladding material concepts described in the pregrction. The timely optimization of the candidaié- cladding material
concepts prior to the irradiation in BR2 — scheduier two full years — is a prerequisite for theesess of the project, the
principal aspiration of which is to deliver prodfeoncept ATF cladding materials that have beeraaly validated in an
industrially-relevant environment. Material optimion in IL TROVATORE is expected to help estakiligha culture of
accelerated materials development (AMD), whicherelon the continuous feedback betwegplication-driven material
design material productionand material performance assessment under applicatedavant conditionsThe successful
implementation of the AMD approach relies loigh throughput material screenirtg reliably assess material performance
prior to its demonstration in actual industrial ddgions. Examples include ion and proton irradiatto assess the radiation
tolerance of innovative nuclear materials priongutron irradiation, and judiciously-chosen modglapproaches (atomic-
scale, thermodynamic, finite element).

The down-selection of the ATF candidate claddingemals to be irradiated in BR2 will rely on thetoome of aset of
critical screening testthat aim at assessing:

1. Resistance to aqueous corrosion at nominal oparatiaditions (specific exposure conditions): malsrare expected
to demonstrate a step improvement in corrosionwatn compared to commercial zircaloy clads;

2. Resistance to hightemperature steam oxidation (specific exposure itiond): materials are expected to demonstrate a
step improvement in steam oxidation resistance vaoenpared to commercial zircaloy clads;

3. Hermeticity of sealed tubes: it includes the petoilgg of the bulk material to critical elementsy particular helium
and tritium, and the demonstration of suitable phdy joining techniques (i.e., welding or similaa)d

4. Acceptable irradiation tolerance: materials andrtbenstituents must show no decomposition or uepiable swelling
upon ion/proton irradiation to dpa levels releviamtthe envisaged fuel cladding application.

[11. KEY PERFORMANCE INDICATORSIN H2020 IL TROVATORE

The ATF cladding material concepts considered inTROVATORE have already reached an adequate lefrel o
technological maturity (TRL 3 — experimental pradfeoncept demonstrated and/or TRL 4 — technologjidated in the
lab). Their suitability in addressing the ATF clealjje will be assessed at two moments during thegtriifetime: (a) at the
end of the 2 year (month 24) and (b) at the end of the prajewinth 54). In month 24, the optimized ATF cladatthave
successfully passed the pre-screening criticak tes¢ntioned in the previous section, thus demditggraa minimum
threshold performance, will be allowed to partakéhie BR2 irradiation. In month 54, the one or nyur@of-of-concept ATF
clads that performed satisfactorily during the BR@diation (i.e., achieved TRL 5 — technology dalied in an industrially-
relevant environment) will be considered fit to earkbon the next step towards deployment, which bélthe demonstration
of fuel-cladding compatibility. The IL TROVATORE pject foresees a limited number of fuel/claddingnpatibility tests
between the best ATF cladding material candidatésstéandard LWR fuels, such as d&ahd MOX (mixed oxide fuels).

IV.INVOLVED PARTIESIN H2020 IL TROVATORE

Table | presents the H2020 IL TROVATORE benefigariApart from the beneficiaries entrusted withfqrening the
foreseen R&D tasks, three expert advisory comnsttgere established to ensure that the IL TROVATGRIENtific &
technical (S&T) objectives will be reached withiretproject timeframe (duration: 4.5 years; kick-adte: # October 2017),
i.e., a scientific advisory committee (SAC), an eisérs group (EUG), and a standardisation advisamymittee (STC).

The SAC involves prominent members of the inteowal scientific community with recognised experiisealisciplines
that relate closely to the project R&D activitidhie SAC experts have the necessary qualificati@psféence to peer-review
the appropriateness and robustness of the resapmbaches adopted by the project partners, hetpiremsure scientific
excellence. The EUG involves industrial experts ttzen communicate to the project beneficiariesstageholder knowledge
and industrial expectations, in particular relatioATF cladding material performance requiremettitss helping the project
to achieve its S&T objectives. Moreover, the EUGoives nuclear safety regulators and experts irechn the
development of Gen-1V systems that envisage thefisenilar materials with those studied in thejpobt. The_ STC involves
experts associated with standardisation bodiesrante specifically, with standardisation activit@s nuclear materials and
advanced ceramics similar to some of the fuel étaglchaterial concepts studied in the IL TROVATORIBjpct. The STC
experts provide feedback on existing and/or devetpptandards, assess the standardisation potehtiaé project results,



D) 2017 Water Reactor Fuel Performance Meeting
W%@W %017 September 10 (Sun) ~ 14 (Thu), 2017
L,\&/ Ful FeromanceMectng Ramada Plaza Jeju « Jeju Island, Korea

and offer recommendations on the appropriate stdisddion strategy leading to the development of s@ndards (material
specifications, material test methods).

TABLE I. H2020 IL TROVATORE beneficiaries. ¥ Project Coordinator

No. Beneficiary Organization Name Short Name Country

1 Studiecentrum voor Kernenergie — Centre d’EtudBHtergie Nucléairé SCKeCEN Belgium

2 Katholieke Universiteit Leuven KU Leuven Belgium|
3 Rheinisch-Westfalische Technische Hochschule &ach RWTH Germany

4 Karlsruher Institut fur Technologie KIT Germany
5 Helmut-Schmidt-Universitat — Universitat der Besdehr Hamburg HSU Germany
6 Technische Universitat Dresden TUD Germany
7 Plansee Composite Materials GmbH PLANSEE Germahy
8 Gesellschaft fiir Technische Thermochemie und sifhmgbH GTT Germany

9 Joint Research Centre — Directorate G-Nucleagt$aihd Security JRC Germany
10 Deutsches Zentrum fir Luft- und Raumfahrt e.V. LRD Germany

11 Linkopings Universitet LiU Sweden
12 Kungliga Tekniska Bgskolan KTH Sweden

13 Sandvik Materials Technology AB SMT Sweden
14 Westinghouse Electric Sweden AB WH SE Sweden
15 The Chancellor, Masters and Scholars of The é¥gity of Cambridge UCAM UK

16 The Chancellor, Masters and Scholars of The éisity of Oxford UOXF UK

17 Imperial College of Science, Technology and Miedi London ICL UK

18 The University of Manchester UoM UK

19 The University of Huddersfield UoH UK

20 National Nuclear Laboratory NNL UK

21 Rolls-Royce Power Engineering plc RR UK
22 Université de Poitiers UP France
23 Commisariat & I Energie Atomique CEA France
24 Ecole Normale Supérieure Cachan ENSC Frande
25 Electricité de France S.A. EDF France
26 Association Frangaise de Normalisation AFNOR| nEea

27 Politecnico di Torino POLITO Italy

28 Istituto Italiano di Tecnologia nT Italy

29 Drexel University DU USA

30 Kyoto University KU Japan

V. CONCLUSIONS

The conventional “cook and look” approach cannotddepted, if accident tolerant fuel (ATF) systenme to be
implemented in the current generation of nucleact@s. Accelerated material development strongligs on physics-based
approaches to expedite the development, demormstratid licensing processes for innovative fuel ditagl materials. This
need is not only reflected in the contemporary réffdo improve the nuclear energy safety via theetbpment of ATF
cladding materials, but it also regards the deplaytmof future generation systems (GéW, fusion). The envisaged
developments in the IL TROVATORE project intendvtdidate specific candidate ATF cladding conceptan industrially-
relevant environment, thus helping to take a aitstep towards an improved nuclear energy safetjdwide.
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