
LLNL-CONF-769463

In situ characterization of deformation
mechanisms in L-PBF 316L stainless
steels

T. Voisin, W. Chen, J. B. Forien, Y. M. Wang

March 12, 2019

TMS2019
San Antonio, TX, United States
March 10, 2019 through March 14, 2019



Disclaimer 
 

This document was prepared as an account of work sponsored by an agency of the United States 
government. Neither the United States government nor Lawrence Livermore National Security, LLC, 
nor any of their employees makes any warranty, expressed or implied, or assumes any legal liability or 
responsibility for the accuracy, completeness, or usefulness of any information, apparatus, product, or 
process disclosed, or represents that its use would not infringe privately owned rights. Reference herein 
to any specific commercial product, process, or service by trade name, trademark, manufacturer, or 
otherwise does not necessarily constitute or imply its endorsement, recommendation, or favoring by the 
United States government or Lawrence Livermore National Security, LLC. The views and opinions of 
authors expressed herein do not necessarily state or reflect those of the United States government or 
Lawrence Livermore National Security, LLC, and shall not be used for advertising or product 
endorsement purposes. 
 



LLNL-CONF-

This work was performed under the auspices of the U.S. Department of Energy by Lawrence Livermore 
National Laboratory under contract DE-AC52-07NA27344. Lawrence Livermore National Security, LLC

In situ characterization of deformation 

mechanisms in L-PBF 316L stainless steels 
TMS 2019

03/14/2019

T. Voisin, W. Chen, J. B. Forien, Y. M. Wang

Lawrence Livermore National Laboratory, Livermore, CA



2
LLNL-CONF-

Selective Laser Melting – SS 316L

Concept Laser M2 Cusing

Powder Bed Fusion (PBF)

Selective Layer Melting (SLM)

Open architecture Fraunhofer 3D printer
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SLM SS 316L / Mechanical Properties

Laser power and speed optimization
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SLM SS 316L / Microstructure

Sample 2Sample 1
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SLM SS 316L / Microstructure

Sample 2

Yield Strength = 590 Mpa

Strain-to-failure = 58%

Sample 1

Yield Strength = 450 Mpa

Strain-to-failure = 88%
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SLM SS 316L / Microstructure

Sample 2

Yield Strength = 590 Mpa

Strain-to-failure = 58%

Sample 1

Yield Strength = 450 Mpa

Strain-to-failure = 88%

Features below the grain scale take control of the deformation
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Solidification structure

Cell walls contain dislocations and 

segregated elements  

SLM SS 316L / Cellular Structure
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Solidification structure

Cell walls contain dislocations and segregated elements  

SLM SS 316L / Cellular Structure
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Cell walls contain dislocations and segregated elements  

SLM SS 316L / Cellular Structure

Cell walls line up along specific crystallographic directions
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SLM SS 316L / Cellular Structure

Mo and Cr segregation in cell walls

Presence of particles inside walls
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SLM SS 316L / Cellular Structure

Very low misorientations related to the cell structure

- Different from conventional dislocation cells

- In agreement with solidification structure

Orientation Mapping in a TEM (probe size 5nm) 
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SLM SS 316L / Second Phase

Orientation Mapping in a TEM (probe size 5nm) 

Revealing second phase particles
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SLM SS 316L / Second Phase

Second phase particles may correspond to local Mo-Cr segregations
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SLM SS 316L / Second Phase

Orientation Mapping in a TEM (probe size 5nm) 

Revealing second phase particles
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LAGB by EBSD

High Angle Grain Boundaries (>10°) = 48%

Low Angle Grain Boundaries (1-10°) = 52%

SLM SS 316L / Low Angle Grain Boundaries

Build Direction
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SLM SS 316L / Low Angle Grain Boundaries

LAGB by TEM

LAGB follow cell walls.

Important for the stability of 

the microstructure
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SLM SS 316L / Deformation Mechanisms

TEM after a few % of strain

Onset of twinning around 3% of plastic strain
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SLM SS 316L / Deformation Mechanisms

TEM in uniformly deformed region after fracture

- Elongated dislocation cells still present

- Twinning everywhere with 2 twinning systems activated in many grains

- Silicate particles sheared by twins
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SLM SS 316L / Deformation Mechanisms

Insight from synchrotron XRD

Twinning starts in the early stage of plastic deformation as observed by TEM

Changes in max intensity of the 111 peak along the full ring as a function of strain

60° angle between peaks: signature of twinning
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SLM SS 316L / Deformation Mechanisms

Insight from synchrotron XRD

Dislocation glide appears to happen in 3 steps:

- Very limited in the elastic regime

- Sudden burst followed by a plateau

- Second burst followed by necking
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SLM SS 316L / Conclusion

Out of equilibrium microstructure with multi-scale features influencing mechanical properties

- HAGB 

- LAGB

- Cellular structure 

- Particles

- Initial dislocations density

Twinning: an important mechanism that may not be influenced by cellular structure or LAGB

Cellular structure still present after fracture: thanks to chemical segregation? 

In situ TEM tensile testing to determine the interaction between defects (dislocations and 

twins) and cellular structure
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