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Euratom call 2021 — Topic 4

Advanced structural materials for nuclear applications

Expected outcome

* Development and qualification of innovative materials solutions with superior corrosion, temperature and
irradiation resistance for the expected operating conditions of advanced fission technologies (including

Research Reactors or SMRs).

* Development of solutions for crosscutting aspects of materials for fission and fusion technologies,

modelling and reduced activation steel.

* Exploration of the potential of advanced nuclear materials solutions (also from new manufacturing
technologies covered within Horizon Europe research programme) for use in other energy technologies
that require exposure to high temperatures, high pressure and corrosive fluids
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Structural materials for fission applications

Gen IV lead cooled fast reactors (LFR) Gen IV molten salt fast reactors (MSFR)
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Challenges: * Lead, eutectic lead-bismuth and molten salts are aggressive environments
» Corrosion, erosion
» Alteration of properties (LME, CAF...)

Thermal stability and HT strength

High dose irradiation: dpa, transmutation, activation
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Structural materials for fission applications
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Euratom call 2021 — Topic 4

Innovative structural materials for fission and fusion - INNUMAT

WP1 Design, modelling, production and basic characterization

WP5 Qualification methodology & test standardization
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Innovative structural materials for fission and fusion - INNUMAT
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INNUMAT

Materials

* HEAs
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INNUMAT

Materials

* HEAs

Irradiation induced swelling:
HEA =40 times less than pure Ni

* Al,CrFeCoNi
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INNUMAT

Materials

HEAs
AFA steels
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INNUMAT
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INNUMAT
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INNUMAT

Materials
* HEAs
* AFA steels
¢ Coated 15'15T| AISI 316L tube with weld overlay (Fe-10Cr-4AI-RE)

 Weld overlay

Fe-10Cr-4Al

Fe-10Cr-4Al-RE: Exposed to liquid lead at
800°C, protektive self-healing alumina

Weld overlay thickness: 210-220 um
Excellent ductility: bend test 180°

Peter Szakalos, SNETP Forum, 2021
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INNUMAT

Materials

Fission: HEAS
e AFA steels
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INNUMAT

Materials

Fission:

HEAs

* AFA steels

e Coated 15-15Ti
* Weld overlay

Fusion: e« Coated EUROFER
e ODS steel
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INNUMAT - materials and applications

Materials

Fission: e« HEAs
* AFA steels
* Coated 15-15Ti
* Weld overlay

Reactor applications

* Fission molten salt reactor
* Fission heavy metal cooled reactor
* Fusion DEMO

Fusion: ¢ Coated EUROFER
e QDS steel

}— incl. respective SMRs
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INNUMAT — research tracks

WPs and research tracks — matrix structure
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INNUMAT — research tracks

WPs and research tracks — matrix structure
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INNUMAT — research tracks

Common goals

* Increase of technology readiness level (TRL) with respect to
 Compatibility with coolants
 HT mechanical behavior and thermal stability
* Radiation tolerance

 Deep, beyond state of the art understanding of main mechanisms determining
corrosion, mechanical behavior, aging, and degradation of properties due to
irradiation supported by comprehensive modeling at different scales

* Use of computational and experimental high throughput methods in materials
design and screening

* Establish accelerated qualification roadmaps including guidelines for
standardization of SSTT, among others small punch testing (SPT)
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INNUMAT — HEASs research track

Specific objectives

 Develop Co-free HEAs based on the FCC CrFeMnNi system with reduced
activation and irradiation induced swelling

 Explore novel BCC-HEAs with improved ductility maintaining their good HT
strength, corrosion and swelling resistance

* Increase TRL to the level of industrial deployment (4-5)

 Develop computational tool to design HEA compositions for the targeted
nuclear applications based on predictive advanced modelling of
thermodynamic, mechanical, corrosion and irradiation properties supported by
novel machine learning techniques
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INNUMAT — HEASs research track

Approach

Produce in the 15t year 3 reference HEA/CCAs of the FCC CrFeMnNi family based on
existing knowledge in WP1

Conduct comprehensive characterization and modeling on them in WP2 (corrosion),
WP3 (mechanical behavior) and WP4 (radiation resistance)

Feed the alloy design in WP1 with the results for building a consolidated modeling tool
for designing new FCC and BCC HEAs

Produce at the beginning of the 2"? half of the project 2-3 new alloys designed based
on the knowledge collected so far.

Conduct complete characterization on them in WP2, WP3, and WP4

Use the results to further improve the computational tool for designing HEAs
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INNUMAT — consortium

INNOVATIVE STRUCTURAL MATERIALS/MATERIAL SOLUTIONS

“ Coated 15-15Ti Weld overlay Coated Eurofer QDS steel

Numerical design Surface treatment methods
Development & )
production MINES, UN, CEA, ) KTH, SCK CEN, ' ;
[ CSIC, WUT, CCFE } [K'T' KTH, Sandvik, UN } l IIT, ENEA J { Sandvik, Uddcomb } { IIT. ENEA ] | EURGfusion
- ) Advanced modelling of properties
Compatibility with Ph, PbBi, Molten salts PbLi
coolants KIT, ULille, UN,CEA KTH, RATEN, SCK
(corrosion & LME) iy LIne, UINUER, 4 4
CIEMAT, INCDFM, CEN, ENEA, KIT, KIT, SCK CEN, ULille KIT, KTH, CVR, SCK CIEMAT, ENEA
\_ . CCFE ULille, UN CEN
S TR Advanced modelling of properties Non-destructive examination
behavior
(creep, fatigue Bﬁi’;ﬁghﬁrg g PSl, CIEMAT, JRC,
bt ’ + IRC, H7DR. CSIC. KIT SCK CEN, ENEA, IIT, KTH, SCK CEN, WUT, IIT, ENEA. HZDR, CIEMAT, CCFE,
it MINES, KIPT, KIT, BOLITO. UN Fraunhofer, POLITO RATEN Fraunhofer, POLITO KIT, EK
" Y, CSIC, HZDR, UN .
s ~ ~ F—
KIT, HZDR, CEA, KIT, HZDR, CEA,
CIEMAT, UR, EDF, CIEMAT, UR, IIT, CNRS, SCK CEN SCK CEN ENEA, IIT, SCK CEN CEA, STUBA, Pl
UHEL, SCK CEN 5CK CEN
\. V, VRN L
N7 AV ™\ .~ e "\
CIEMAT, KIT, HZDR,
CIEMAT, KIT, HZDR, CIEMAT, HZDR,
JRC, NCBI, CCFE, JRC, NCBJ, CCFE, SCK SCK CEN, WUT SCK CEN, WUT, CCFE SCK CEN, WUT CCFE. WUT
VTT, WUT CEN, WUT '
Favy AN N\ RN \ y.

Project Management (KIT) - Qualification (FRAMATOME) - Nuclear MARKET & Exploitetion (ANN) - Dissemination & Communication (SINTEC) - Open Science (ENEA, KIT)

36 Partners from 15 countries:

» 20 Research institutions
* 9 Universities
* 7 private organizations

Collaboration with the OFFER
consortium is intended.

INNUMAT Workshop, Nov. 16-17th, 2023

Jarir Aktaa / KIT

22



INNUMAT — consortium

Development &
production

Ay Norway '
Ty ; chder P e

Estonia

Latvia

1 | |

I'Je-.u“nrk .
f/_ ) ! s % | Lithuania
| ngdom !
Compatibility with i Y Ei]
coolants Ireland A ) Netheriands
i Pala

(corrosion & LME) ; ' Germany (] alan

N Y & i v
H uxembolg i cz¥chia Ukraine

Moldova

ﬂ E ﬂ akia
High temperature . @ w0 Austria
= 3 nsie Hugary
behavior Jary

0DS5 steel

EUROfusion

France
. Sw E o lovenia R = i ,
(creep, fatigue, | Croatia B‘H IR, CIEMAT, CCFE,
thermal ageing) : Basnia and KIT. EK
\ . SaEMarinalHerzegovina Serbia ’
J Monaco H Monténegro Bulgaria
Andorra ¥ Kosovo® G0
H North Macedonia =
SN : Albania ra
Portugal La
(ch!.'(l_.'. Turkiye
+ | EA, STUBA, PSI

Malta I {

cyprushy Syl @ |
Tunisia Lebanan t o
Ir 3

Morocco Torhe) = CIEMAT, HZDR,
Leaflet | Map data @ OpenStreetMap contributors, Credit: EC-GISCO, @ EuroGeographics for the administrative boundaries  CCFE, WUT
Yoy v [ LOIY, WU | | |

A\ A PN FARN /oy p,

INNUMAT Workshop, Nov. 16-17th, 2023

Jarir Aktaa / KIT

Project Management (KIT) - Qualification (FRAMATOME) - Nuclear MARKET & Exploitetion (ANN) - Dissemination & Communication (SINTEC) - Open Science (ENEA, KIT)

36 Partners from 15 countries:

» 20 Research institutions
* 9 Universities
* 7 private organizations

Collaboration with the OFFER
consortium is intended.
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INNUMAT — consortium & budget

INNOVATIVE STRUCTURAL MATERIALS/MATERIAL SOLUTIONS
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INNUMAT — certified labelling

CERTIFICATE
SNETP LABEL

Date of certificate issuance: 24/09/2021
Certificate number: 2021ESNO016

The SNETP Scientific Committee during its meeting held on 24 September 2021
awarded the SNETP Label to the project idea identified as INNovative strUctural
MATerials for fission and fusion (INNUMAT) with the technical content reviewed and
published through SOIP.

Signed for and on behalf of the SNETP Scientific Committee.

SNETP AISBL
wwrron des A 53
1000 Brusten - Bagu
VAT N BE 0842 407 Tes
Fagriragon: 0541 457 14
-

E RA Coordinating energy research
for a low carbon Europe

**Certificate of EERA Consortium™*

EERA is an official part of the EU SET-Plan.

hitp://setis.ec.europa.eu/

The EERA Joint Programme on MUCLEAR MATERIALS {IPNM) hereby certifies that the research
project proposal described below has been developed by a consertium involving EERA memibers in
avtardance with its own vision and rules,

The procedure for accepting project proposals developed as part of this EERA loint Programme on
NUCLEAR MATERIALS is described apart. It has been approved by the Steering Committee of the
1PNM and ackneswledged by the EERA Operative Executive Committee (ExCoOp), which implies a
totalendorsement of the EERA AISBL.

Being in accordance with these rules, the propesal will substantially contribute to meet the
research targets set in the research agenda of this Joint Programme and support the EU SET-Plan
abjectives.

On sucressful evaluation, the projert will be allowed and obliged to use the EERA JPNM logs in all
cemmunications,

Acronym of the project proposal: INNUMAT
Name of the project proposal: "INNovative strUctural MATerlals for fission and fusion”
Responsihle person from the EERA Joint Programme, involved in the proposal:

Namne: Jarir AKTAA

Organization: KIT

Role in the profect proposal: Coordina

v
©n hehalf of the Joint Pragramme Management Board, the Joint Programme coordinatar
Nare: Lorenzo MALERBA

Organization: CIEMAT

Date: 30 September 2021

Signature:

(1Y
With the support of
=, |
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Thanks of your attention!
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