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Selective Laser Melting — SS 316L
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SLM SS 316L / Mechanical Properties

UTS 640MPa

__________ - UE 59%
6001 vs sooMpa =T T, n
5 - ¢ UTS 555MPa Ny
s LT T NUE 30% N\
~ 5004 L, T M -
© 40 2 £t UTS 450MPa .
R ‘%’ = TYSH0MPa e <UE 43% \
e — c:n 4004~ e N o
= FYS365MPa.. y R
Building Direction E 300 -
= i
=
55} 200 -
47 YS 160MPa Concept (our work)
DOg-BO]]C Samples 100 _"' = = — - Fraunhofer (our work) |
------ Wrought sample (Mower 2016)
0 1 [V As-cast (Rawers 1996)
—

T T T T T T T T T T T N T T
0O 10 20 30 40 350 60 70 80 90 100
Engineering Strain (%)

" 1 I 1 " 1 2 1 1 1 I 1 " 1 1
70 & Nakanishi (2017)

| F: © Kumar (2011) 3
wod | \ R < Liu (2010) i

» Ueno (2011)

| ‘I|‘| . ,ﬁ\\ ® Yan (2012)
1 \ Our work O Chen (2005)
~ 50+ || @ \ A Lu (2012) -
§ ) \l‘ v \\". <& Zielinski (1998)
= { 1 » Mower (2016)
2 40 \| 4 | v Rawers (1996) -
= Albertini (2014
ID:D T : Ome:vt(l;l]‘ll(((Conc):ept)
- - - 'L% 304 #r Our work (Fraunhofer)|
Laser power and speed optimization e ] High Performance
S Plastic Deformation
”DE 209 Anncale ~—_ Induced Nanostructures
4 Microstructur —
104 -
4 Conventional c
0 Op o0 p‘

' I M T v 1 M 1 ! I M 1 1 v
0 200 400 600 800 1000 1200 1400 1600
Yield Stress at 0.2% (MPa)

Lawrence Livermore National Laborator \/ o8 3
LLNL-CONF- y NA -‘ﬂ

National Nuclear Security Administration




SLM SS 316L / Microstructure
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SLM SS 316L / Microstructure
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SLM SS 316L / Microstructure
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SLM SS 316L / Cellular Structure

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

Orientation Mapping in a TEM (probe size 5nm)

Point to Origin

500 1000 1500 2000 2500 3000 3500
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Very low misorientations related to the cell structure

- Different from conventional dislocation cells
- In agreement with solidification structure
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SLLM SS 316L / Second Phase

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

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

Orientation Mapping in a TEM (probe size 5nm)
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SLM SS 316L / Low Angle Grain Boundaries

_ o LAGB by EBSD
Build Direction
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High Angle Grain Boundaries (>10°) = 48%
Low Angle Grain Boundaries (1-10°) = 52%
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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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SLLM SS 316L / Deformation Mechanisms

TEM after a few %o of strain
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SLLM SS 316L / Deformation Mechanisms

TEM in uniformly deformed region after fracture
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- Elongated dislocation cells still present
- Twinning everywhere with 2 twinning systems activated in many grains
- Silicate particles sheared by twins
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SLLM SS 316L / Deformation Mechanisms

Insight from synchrotron XRD

Changes in max intensity of the 111 peak along the full ring as a function of strain
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60° angle between peaks: signature of twinning

Twinning starts in the early stage of plastic deformation as observed by TEM
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SLLM SS 316L / Deformation Mechanisms

Insight from synchrotron XRD
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SLLM SS 316L / Conclusion

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

- HAGB

- LAGB

- Cellular structure

- Particles

- Initial dislocations density

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

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

In situ TEM tensile testing to determine the interaction between defects (dislocations and
twins) and cellular structure
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Thank you! Any questions?
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