
HAL Id: cea-02400190
https://cea.hal.science/cea-02400190

Submitted on 9 Dec 2019

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Grain-boundary embrittlement in highly irradiated
15-15Ti austenitic steel

A. Courcelle, M. Jublot, C. Bisor, J.L. Séran, I. Turque, O. Rabouille, M.
Azera, C. Mallet, B. Verhaeghe, C. Desserouer, et al.

To cite this version:
A. Courcelle, M. Jublot, C. Bisor, J.L. Séran, I. Turque, et al.. Grain-boundary embrittlement in highly
irradiated 15-15Ti austenitic steel. NUMAT-2018, Oct 2018, Seattle, United States. �cea-02400190�

https://cea.hal.science/cea-02400190
https://hal.archives-ouvertes.fr


Introduction

Fractography after ring tensile test at 20°C 

Transmission Electron Microscopy

Discussion on embrittlement mechanisms

Grain-boundary embrittlement in highly irradiated 15-15Ti austenitic steel 

Direction de l’Energie Nucléaire

Direction aux Activités Nucléaires de Saclay

Département des Matériaux pour le Nucléaire

Service

NUMAT-2018 - 14-18 oct 2018 - Seattle – WA - USA 

A. Courcelle1, M. Jublot1, C. Bisor2, JL Séran2, I. Turque1, O. Rabouille1, M. Azera1, C. Mallet1

B. Verhaeghe1, C. Desserouer1, V. Cloute-Cazalaa1, P. Grange1, Y. Pegaitaz1, T. Perez1, D. Schildknecht1

arnaud.courcelle@cea.fr
1 DEN-Service d’Etudes des Matériaux Irradiés, CEA, Université Paris-Saclay, F-91191, Gif-sur-Yvette, France

2 DEN-Département des Matériaux pour le Nucléaire, CEA, Université Paris-Saclay, F-91191, Gif-sur-Yvette, France

NUCLEAR ENERGY DIVISION

NUCLEAR MATERIAL DEPARTMENT

SECTION FOR RESEARCH ON IRRADIATED MATERIALS

o Fuel cladding material for GEN-IV SFR reactor
o Optimized 15-15Ti austenitic steel designed to

minimize irradiation swelling

o 20% cold working after annealing treatment
o Fuel pin irradiated in Phénix SFR (110 dpa max)
o PIE performed at CEA/LECA & CEA/LECI
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Ti Si C P Mn Mo Ni Cr

0,50 0,95 0,085 0,007 1,50 1,46 14,8 14,9

o Low ductility observed in tensile test :
o Segregation of Si and Ni and precipitation (G phase) at grain boundary
o Low average swelling (~4,4%) but high local swelling near grain boundaries
o Matrix irradiation hardening (irradiation defects : interstitial loops, cavities and precipitation g’ )
o Suspected Fuel-cladding interaction at low temperature <500°C

Composition in wt%

o Irradiation temp. : 470°C
o Dose : 93 dpa
o Swelling : 4.4%
o Tensile properties 20°C :
 Total Elong. = 0.3%
 YS0.2 = 883 MPa
 UTS = 908 MPa
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→ Low ductililty


