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Powder Based SLM Processing and Characteristics
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"Khairallah, S. A., Anderson, A. T., Rubenchik, A., & King, W. E. (2016). Laser powder-bed fusion additive manufacturing: Physics of complex melt flow and formation
mechanisms of pores, spatter, and denudation zones. Acta Materialia, 108, 36-45.

2Rodgers, T. M., Madison, J. D., & Tikare, V. (2017). Simulation of metal additive manufacturing microstructures using kinetic Monte Carlo. Computational Materials
Science, 135, 78-89.
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3 I SLM Stainless Steel:

Possible Deleterious
Corrosion Features
Formed from AM

Processing:
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Corrosion Characteristics
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+ I Hydrogen Embrittlement: Possible Deleterious Features
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7Scully, John R., Michael A. Switzer, and Jason S. Lee. "Crevice scaling laws to investigate local hydrogen uptake in rescaled model occluded sites." In Environment-Induced
Cracking of Materials, pp. 81-93. Elsevier, 2008.



s | Hydrogen Embrittlement: Possible Deleterious Features
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4Schaller, Rebecca F., Ajit Mishra, Jeffrey M. Rodelas, Jason M. Taylor, and Eric J. Schindelholz. "The role of microstructure and surface finish on the corrosion of selective
laser melted 304L." Journal of The Electrochemical Society 165, no. 5 (2018): C234-C242.



s I Hydrogen Embrittlement: Possible Deleterious Features

Possible Deleterious
Features for HE:
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8 Michler, Thorsten, Yongwon Lee, Richard P. Gangloff, and Joerg Naumann. "Influence of macro segregation on hydrogen environment embrittlement of SUS 316L stainless
steel." International Journal of Hydrogen Energy 34, no. 7 (2009): 3201-3209.



7 I Hydrogen Embrittlement: Possible Deleterious Features
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9San Marchi, C., B. P. Somerday, X. Tang, and G. H. Schiroky. "Effects of alloy composition and strain hardening on tensile fracture of hydrogen-precharged type 316 stainless
steels." International Journal of Hydrogen Energy 33, no. 2 (2008): 889-904.



s I Hydrogen Embrittlement: Possible Deleterious Features
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10 Takakuwa, Osamu, M. Nishikawa, and H. Soyama. "Numerical simulation of the effects of residual stress on the concentration of hydrogen around a crack tip." Surface and
Coatings Technology 206, no. 11-12 (2012): 2892-2898.
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Motivating Questions

= How do the unique microstructural features and
surface morphology observed in SLM metals govern
hydrogen embrittlement resistance relative to their
conventionally processed counterparts?

=\What features exist in SLM Austenitic SS?
=|nitial H uptake and transport measurement

= Specifically, how do these features govern H uptake
and transport in SLM materials?
*Need for correlation/ understanding of the effects of the

possible deleterious or advantageous features found in
SLM materials to H uptake and transport



10 I SLM SS Material and Process Characteristics

Measured 304L Material Composition (Weight %)

C € Co Cu Nb Ni Mnh Mo P Si S Fe O N
0.025+ 18.16+ 0.17+ 0.49+ <0.05+ 8.10+ 1.73+ 0.33+ 0.034+ 0.22+ <0.001+ 70.5+ 0.003% 0.076+

Wrought 50, 0363 0.026 0074 0008 0405 0173 0049 0005 0033 0000 0.353 0.000 0.011
AM 0.013+ 18.89% <0.03t <0.1t <0.05+ 10.74%+ 1.44+ 0.014% 0.005: 0.50% 0.005¢ 68.3+ 0.038+ 0.011%
0.002 0.378 0.005 0.000 0.008 0.537 0.144 0.002 0.001 0.075 0.001 0.342 0.006 0.002
B

Renishaw AM 250 Build Parameters Starting Powder

Parameter Value @ = 15-45 pm, D50 = 29 um

Laser power 200 W Ar-atomized

Pulse time 75 us single use (not recycled)

Pulse spacing 60 um

Dwell time 1-3 us

Hatch spacing 85 um (Measured 82 + 15 um)
Layer thickness 50 pm (Measured 40 + 10 pm)
Cover gas Argon ‘

PREN, (enitic = 7Cr + 3.3%Mo + 16%N - Wrought=20.3, SLM =19.1
My =413 —462 (C+N) -9.2 Si—8.1 Mn - 13.7 Cr - 9.5 Ni — 18.5 Mo
Wrought =18.454, SLM = 29.166




11 ‘ SLM SS Microstructural Characteristics
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SLM SS Microstructural Characteristics
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SLM SS Solidification Structure

1

w

Local strain is associated with solidification structure not
MPBs.
* Mostly associated with sub-grain boundaries.



SLM SS Elemental Distribution

-\ data 188
MAG: 40.0kx HV: 200kV

M2 data 188
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T
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(with a 4% change in Cr)
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Map data 168
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15 I SLM SS Elemental Distribution

<
BF MAG: 40000 x HV: 200.0kV WD:<40mm ' |

Melt Pool Boundary: Displays depletion

500 nm

of Cr, Mo, Mn, Si here and enrichment of
Fe.

Dislocation
substructure

decorated with oxides.




16 I Hydrogen Uptake Measurements: Barnacle Cell
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\C 0.6 MNac/ t =1800s |
Electrochemical Pre-charging: Electrochemical Extraction: |
*0.6 M NaCl Solution *0.1 M NaOH Solution
=Cathodic hold at -1.2 Vg ¢ *Deaerated (N, purging, 1 h prior §

and continuous)
*Anodic hold at +0.33 Vg
*Time: 1 h

*Time: Varying 0 to 48 h
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Hydrogen Uptake Measurements: SLM SS

H extraction/oxidation currents
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18 I Hydrogen Uptake Measurements: H Concentration
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= InSLM SS, C,, 4 increases with increased charging time
associated with the controlled cathodic charging

= Can measure a significant increase in H above background (t =
0)



v | Hydrogen Uptake Measurements: Future Work

*Need comparison to traditional wrought materials

*H measurements at the global not local scale

= Microstructural/ compositional effects may influence local H
concentrations more drastically

*Need to further not only concentration measurements,
but H transport measurements as well
= Dependent on direction, microstructure, composition, etc. ?

= Knowing this, can we take advantage of AM to “tune”
these conventional material properties?
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