N
N

N

HAL

open science

Development of an austenitic/martensitic gradient steel
by additive manufacturing
F. Villaret, X. Boulnat, P. Aubry, D. Fabregue, Y. de Carlan

» To cite this version:

F. Villaret, X. Boulnat, P. Aubry, D.

Fabregue, Y. de Carlan. Development of an
austenitic/martensitic gradient steel by additive manufacturing. International Congress on Advances

in Nuclear Power Plants (ICAPP - 2019), May 2019, Juan-Les-Pins, France. pp.1868 - 1879.

02339473

HAL Id: cea-02339473
https://cea.hal.science/cea-02339473
Submitted on 27 Nov 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 dépot et a la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche francais ou étrangers, des laboratoires
publics ou privés.


https://cea.hal.science/cea-02339473
https://hal.archives-ouvertes.fr

/
’
P

000040 - Development of an austenitic/martensitic gradient steel by
additive manufacturing

Flore Villaret ", Xavier Boulnat?, Pascal Aubry3, Damien Fabregue?, Yann de Carlan?

IDEN-Service de Recherches Métallurgiques Appliquées (SRMA), CEA, université Paris-Saclay, F-91191, Gif-
sur-Yvette, France
2 Université de Lyon, INSA de Lyon, MATEIS CNRS UMR 5510, F-69621 Villeurbanne, France
3DEN-Service d'Etudes Analytiques et de Réactivité des Surfaces (SEARS), CEA, université Paris-Saclay, F-
91191, Gif-sur-Yvette, France
" Corresponding Author, E-mail: flore.villaret@cea.fr

KEYWORDS: additive manufacturing, powder metallurgy, gradient material

In many applications, additive manufacturing techniques are rising to build, layer-by-layer, component
with complex shapes and specific microstructures. With the Direct Metal Deposit (DMD) process, a
nozzle delivers the powder directly to the molten pool, generated beneath the laser beam. An advantage
of this process is the possibility to tune the material’s composition, using different powder feeder, through
the powder flow. Thus, it became possible to build composition gradient parts. Gradient components
are studied for industrial applications such as functional materials ([1], [2]) or as a way to solve welding
problems([3], [4]). In this study, we focused on a gradient from a 316L austenitic stainless steel to a 9Cr-
1Mo martensitic steel. These steels are widely used for nuclear applications, and especially for fuel
assemblies in Sodium Fast Reactors. Due to their chemical composition differences, welding them is
uneasy, requiring filling metal and post-welding heat treatments [5].

The aim of this study is to compare microstructures obtained by traditional Tungsten Inert Gas with
graded parts obtained by powder metallurgy, after Spark Plasma Sintering or additive manufacturing
with Direct Metal Deposit process.

Microstructures are analyzed using Scanning Electron Microscope (SEM) and Electron BackScatter
diffraction (EBSD) and correlated to thermokinetic calculations. The relationships between the mechan-
ical behavior, the microstructures and the processes are discussed.

References

1) B. Heer and A. Bandyopadhyay, Mater. Lett., vol. 216, pp. 16-19, 2018.

2) B. E. Carroll, R. A Qtis, J. P. Borgonia, J. O. Suh, R. P. Dillon, A. A. Shapiro, C. D. Hofmann, Z. K. Liu, A. M.
Beese, Acta Mater., vol. 108, pp. 46-54, 2016.

3) W.Li, S. Karnati, C. Kriewall, F. Liou, J. Newkirk, K. M. Brown Taminger, W. J. Seufzer, Addit. Manuf., vol. 14,
pp. 95-104, 2017.

4) T. Mukherjee, J. S. Zuback, W. Zhang, and T. DebRoy, Comput. Mater. Sci., vol. 143, pp. 325-337, 2018.

5) H.Y.Lee, S.H. Lee, J. B. Kim, and J. H. Lee, Int. J. Fatigue, vol. 29, no. 9-11, pp. 1868-1879, 2007.



