
CENTER of
EXCELLENCE

Research to Standards

ASTM INTERNATIONAL
lelping our world work better

316L Powder Influence on Part Performance: A
Path to Creating Specifications
Michael Heiden, Bradley Jared

November 16-20

www.amcoe.org

SAND2020-10186C

This paper describes objective technical results and analysis. Any subjective views or opinions that might be expressed
in the paper do not necessarily represent the views of the U.S. Department of Energy or the United States Government.

Sandia National Laboratories is a multimission laboratory managed and operated by National Technology & Engineering Solutions of Sandia, LLC, a wholly owned
subsidiary of Honeywell International Inc., for the U.S. Department of Energy’s National Nuclear Security Administration under contract DE-NA0003525.



Michael Heiden

Dr. Michael Heiden is a Senior Member of Technical Staff, R&D, specializing
in metal additive manufacturing Sandia National Laboratories. He obtained
his Ph.D. in Materials Engineering from Purdue University (2017), where he
received the NSF Graduate Research Fellowship for developing degradable
fracture fixation biomedical implants. His current career focus involves
advancing AM at Sandia. Research ranges from feedstock and machine
optimization of laser powder bed fusion processes (LPBF), improving AM
microstructural control and part performance, developing unique lattice
designs, and progressing AM qualification via specification generation and
distribution of AM knowledge.

2 © ASTM International ASTM International Conference on Additive Manufacturing



• Laser-powder interactions for 316L in LPBF

• Powder Reuse Effects on 316L Parts for Varying Lots

• Coupling Powder's Influence on Part Mechanical Properties
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Powder Sample

1 How much do part
properties change with
extensive powder
reuse?

2. Do any powder
characteristics indicate
a "bad" quality part?

High Throughput
Tensile Sample

Charpy Test Coupon

Types of 316L powder tested: 

➢ Powder A

➢ Powder B

Properties tracked for each build:

➢ Powder Morphology

Powder Bulk Chemistry

Part Tensile Properties, Density,
Hardness, Fracture Toughness

Machine parameters: 
➢ Power: 110 W

)>. Mark Speed: 1400 mm/s

➢ Hatch Spacing: 50 pm

)>. Focus offset: 1.5 mm

➢ Style: Hexagon

>. La)
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Starting Powders (SEM) 111

Virgin B

Reused A

44k

Re,

.*

io
• 

0

Er
20 prn

•

1
•
10 pm

Ak.

Reused B

10 pm

10 urn 20 pm

6 © ASTM International

No significant
morphological
differences

Powder B had
visibly larger
particle sizes



Particle Size Distribution
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Powder A and B have distinct distributions

With reuse, powder can increase or not change much
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Particle Size, Aspect Ratio, Span, Spec! lc\\\
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➢ Both powder sizes
increase with reuse

Aspect ratio increases
or remains similar with
reuse

Specific surface area
decreases or remains
similar with reuse
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Particle Size with Reuse

60

50

40

30

20

0

111

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

—4,—A (1) Dv10

—41— A (2) Dv10

Reuses

—4P—A (1) Dv50

* A (2) Dv50

A (1) Dv90

A (2) Dv90
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can vary substantially

Different lots still follow the
same increasing trend with
reuse
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Oxygen content can
increase or remain
similar with reuse

Carbon can increase
or decrease with reuse

Nickel and Chromium
can increase or
decrease with reuse
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Conditioned (Aerated) Bulk Density
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Triboelectric Charging
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Mechanical Properties
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316L Mechanical Properties Relatiyel
Insensitive to Powder Reuse
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Lots of powder characteristics change with reuse, but properties don't reflect that change for 316L
stainless steel parts, as long as Dv50 remains below machine layer thickness

When the process parameters don't vary, mechanical property variability is primaril)
due to slight process fluctuations and build location, rather than powder of 316L
stainless steel
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Flowability (FT4 Rheometer
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Flowability (Avalanche Drum
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Flowability (Avalanche Drum
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