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About Me

*»Senior at the University of
North Dakota studying
Mechanical Engineering

“sPast work experience includes:
Ulliman Schutte, R3 Aerospace, Paielref
Cirrus Aircraft, and researcher at
UND

“*I’m a pilot and an avid scuba
diver
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Objective

*»Overall objective: manufacture highly wear resistant and corrosion

resistant material for lunar applications

*»*Design MAB powders with tailored flowability (Done by Dr. Gupta

and Mackenzie Short with my assistance)

s Synthesize 3D printed MAB structures using SLM (Selective Laser

Melting) process (Done by Dr. Hocker)
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Objective

*»*Design a characterization paradigm for understanding the feasibility
of MAB phase films for wear resistant applications (Done by Daniel
Trieff and Dr. Gupta with assistance from Mackenzie Short)

MAB 3D Printed on Steel Plate MAB 3D Printed on Steel Plate
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*»Selective Laser Melting Is an additive manufacturing technique by
which a powder bed is melted and forms a solid structure [1]

*» Another layer of powder Is added and the process repeats

**We are using SLM to 3D print MAB phase powders for lunar
applications [1]

*»The variables NASA manipulated were wattage and scanning speed

Powder
Spreader

Image courtesy of
Dr. Brodan Richter
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“*Visual Inspection
*»Quickly able to rule out the pieces that had broken off the plate

“»*Optical Inspection
*»Observed samples as received under microscope
“sProfilometry

s Used stylus profilometer to gather data on surface roughness
s Sonication
s Used ultrasonic bath to clean samples

“s*Optical Inspection Post Cleaning
*»Observe samples after being cleaned and polished to observe microstructure

“+*SEM (Scanning Electron Microscope)
s Use backscattered and secondary imaging to see if there Is decomposition present
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Power Densities
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Screening of 3D printed MAB phase
by Visual Inspection
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Cleaning the Samples

**Branson 2800 Series Ultrasonic Cleaner
**Ran for 5 minutes In distilled water (first attempt was for 60 minutes)
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Optical Inspection Post-Cleaning

**\We then sonicated the plates to see the microstructure without the
MAB debris/dust layer on the surface

MAB on Steel Plate Pre-Cleaning MAB on Steel Plate Post-Cleaning
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Optical Inspection

**\We then did optical microscopy of the MAB phases on the plates
s This gave a preliminary idea of porosity and other surface features

Layered on Plain Steel Surface Bright Fie]d Layered on Plain Steel Surface Dark Field
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Profilometry

**\We wanted the samples to be less than a given surface roughness

s Smoother samples would correlate to lower porosity which leads to higher
density

*»To determine the surface roughness, a stylus profilometer was used
“*\We ran the stylus across the middle of each sample in two directions
s+ The evaluation length was 1 mm
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Backscattered Electron SEM
(Scanning Electron Microscope

Secondary Electron Backscattered Electron

B

Images from Daniel
Trieff/Dr. Gupta
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-~ Profilometry Results: MAB on Steel
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Profilometry Results: MAB on Steel
Plate 400 Watts Pore-CIeaning
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Layered on plain steel surface
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SEM Results: MAB on Steel p100v25M

Secondary Electron

B

D1
D2
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24.557+.587 24.147+.493 45.240+2.017
0.980+.143 58.153+.770 36.277+1.033
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Optical Microscopy: MAB on Steel
p200v/5M at 10x
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SEM Results: MAB on Steel p200v/5M

Backscattered Electron
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Mo Al 0 Images courtesy
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G3 0.420+.060 15.617+.237 14.090+1.070
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p400v225M at 10x

Layered on etched surface Dark Field
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SEM Results: MAB

Mo Al 0]
K1 29.360 0.610 25.233+.497 40.907+2.010
K2 + 48.627 0.607 50.333+1.023
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MAB Printed on Titanium Results

“»Briefly discuss differences with Titanium procedure and results
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Results of Sonication at 60 Minutes

MAB on Titanium Plate Pre-Sonication MAB on Titanium Plate Post-Sonication
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Results of Optical Microscopy

Ti-p100v25M Pre-Clean Ti-p100v25R Post-Clean
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Results of Optical Microscopy

Ti-p200v75M Pre-Clean Ti-p200v75M Post-Clean
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~Profilometry Results: MAB on Ti Plate
100 Watts Post-Cleaning
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Analysis/Summary

*»Based off the profilometry, higher wattages and slower scanning
Speeds appear to give lower relative surface roughness after sonication

s Sonication at 60 minutes caused minor crack propagation
*»The SEM shows minimum decomposition at 100 watts
200 and 400 watts decompose the MAB more extensively
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Next Steps/Outlook/Future Work

**If we had 4 more weeks, we would do tribological testing large
section of 3D printed MAB phase

+» Gather more SEM data

**With 4 more months, we would try 3D printing different MAB
compositions such as FeAIB

**MAB phases have potential for many different space applications
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Appendix: Power Density Key
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Appendix: Profilometry Results of
MAB on Steel Plate Pre-Cleaning
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Appendix: Profilometry Results of
MAB on Ti Plate Pre-Cleaning
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Abstract

_ During the ten-week internship my work focused on designin%characterization protocol for 3D
printed MAB phase ceramics on steel and Ti plates. | was mentored by Dr. Samuel Hocker of NASA and
advised by Dr. Gupta from University of North Dakota. | also collaborated with Mackenzie Short from the
University of North Dakota.

_ ~ The characterization protocol was divided into following steps; initially, we performed visual
ms?ectlon of the plates. During this process, the coatings which spalled or delaminated were discarded for
further evaluation. During the next step, we performed optical microscopy to discern and document surface
features and porosities of the samples. We also noted some decomposition under the optical microscope as well.
Thereafter, profilometry analysis was performed to understand the effect of power density on the surface
roughness. Due to the deposited powder over the samples, the profilometry was inconclusive. We then cleaned
the samples on the steel plate using ethanol and cotton swabs to wipe UP the loose powder covering the samples.
Detailed SEM analysis was then performed on the cleaned specimens. In parallel, the 3D printed samples on the
Ti plate were cleaned by using an ultrasonic bath for 1h. Optical imaging showed that this cleaning process was
more effective for cleaning except that small cracks propagated through the layered ceramics. The profilometry
data gathered on the titanium plate after cleaning was more conclusive. The SEM data on the steel plate showed
that there is decomposition at all wattages aIthoulgh at 100 W the extent of decomposition was lower. We are
planning to characterize the steel samples after cleaning in ultrasonic bath for 5-10 min to minimize cracking
during the cleaning process. In addition, we are also planning to study the fractured surface by SEM analysis.
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