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Outline

* Surface Modifying Agents-Oxetane Derivatives
— Case Study 1-Abrasive Particulates (Lunar Dust)

— Case Study 2-Environmental Contaminants (Insect
Residues)

— Durability Assessment

— Minor Studies-Biofouling, Drag Reduction/Fluid
Flow Modification

* Silanated, Topographically Modified Surfaces
— Case Study 3-Insects and Ice Adhesion Mitigation
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Surface vs Bulk Modification

Scenario: You want a non-stick surface with excellent mechanical
properties. How do you get there?
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& Active vs Passive Modification

Active Surface Modification Passive Modification
Techniques Techniques
* Coatings * Coatings
e Plasma/Corona Discharge e Surface
* Physical/Chemical Vapor Exfoliation/Controlled
Deposition Release
Schematic Representation of Physical * Surface Migration

and Chemical Vapor Deposition .
a ; Thermodynamic Response of SMA
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What is Surface Migration?

Surface Modifying Agent (SMA)

No Surface Migration Surface Migration
. Surface (S)

Bulk (B)

No Preferential Location Migrates to the Surface

\Surface Concentration = Bulk Concentration Surface Concentration >> Bulk Concentration




SMA: Oxetane Derivatives

-- Side Chain m MW (g/mol) « Alkyl ether oligomers

PF-636 F, 1150 (PolyFox®) obtaine
2 PF-6320 CF3 20 3480 from Omnova
Solutions Inc.
3 PF-656 CF,CF, 6 1490
4 PF-154N CF,CF, 6 3464
5  PF-7002 (CF,),CF, 4 1670

FiCFLCH,C F4CF,CH,C
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Bell, T.; Phillips, T., Don’t Breathe the Moondust. In Science@NASA, 2005.
J. Adhesion Sci. Technol. 1995, 9(8), 1103.



Copoly(imide alkyl ether)s
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$YN Copoly(imide alkyl ether)s Mechanical Props.
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NM Copoly(imide alkyl ether)s Contact Angle

Water Contact Angle (°)
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&N Adhesion Quantification
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“Y Adhesion Quantification
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NM Adhesion Quantification-Surface Softening

Hard Surface
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Case Study 2: Environmental Contamination
" Mitigation

 What’s the problem?
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 What’s the problem?
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Case Study 2: Environmental Contamination
Mitigation
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Paper & Other Covering

Coleman, W.S. “Boundary Layer and Flow C
Lachman, G.V. Ministry of Aviation Aerona



Case Study 2: Environmental Contamination

Mitigation
T
* What coatings exist? ... lots
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Wohl, Christopher, J. et. al “ Evaluation of Commecially Available
Leading Edge Surfaces,” Progress in Organic Coatings, 2013,



Mitigation

Case Study 2: Environmental Contamination
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) Case Study 2: Environmental Contamination
¥ Mitigation

 What has worked? Polymer Particulate Composite

CHs CHs
NH» HZNﬁ:NHZ
H3CH,C CH,CH; HsCH2C CHCH3
NH,

75-81% 18-20%

Ethacure 100

F3C(F2C)3H2CH, C F4C(F,C)3H;CH, o



Case Study 2: Environmental Contamination
Mitigation

Adhesion
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Representative Mixed Filler (MoS, and SiO,) Epoxy Pa

Images collected on the FEI Verios 460L compliments of FEI.
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N Contact Angle Measurements

Copoly(imide alkyl ether) with 60 wt% fumed SiO,

122°

Epoxy Alkyl Ether Composite with 6.25 wt% MoS, and 18.75 wt% SiO,
. - -
150 150 135°

Water Ethylene Glycol Methylene lodide
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LY Operational Environment Testing

Flightless fruit fly ;w{@?gg e
(drosophila | mmmE
melanogaster) :

Bench-to
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Case Study 2: Environmental Contamination
¥ Mitigation

Copoly(imide alkyl ether) Fruit Fly Impacts
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Case Study 2: Environmental Contamination
” Mitigation

Epoxy Alkyl Ether Composite Fruit Fly Impacts
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@ BART Testing

Flightless fruit fly
(drosophila
melanogaster)

NACA-0015 Airfoil at an AOA of 8°
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@ Flight Testing

Flightless fruit fly
(drosophila
melanogaster)
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Case Study 2: Environmental Contamination
Mitigation

Surface # of Residues # of Residues on % Reduction
Control

Epoxy Composite 38%
Coating

Copoly(imide alkyl 383 499 23%
ether)

Control Leading Edge Region
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Durability Assessment

Multi-Coupon Sample Prep

Outdoor Exposure
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IAM Coatings

Water Uptake

Flexibility Testing Fruit Fly
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Combination of Laser Patterning and surface migration technologies
Conducted in collaboration with Dr. Philippe Bardet, George Washington Unive
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Combination of Laser Patterning and surface migration technologies
Conducted in collaboration with Dr. Philippe Bardet, George Washington University
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Aluminum Substrate

Y (Hm)

Coated Laser Ablated
Aluminum Substrate

anglrzé%eﬂed Aluminum Substrate
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"% Case Study 3: Insect and Ice Mitigation
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Laser Energy 40 pd 65 uJ

O, H,O 1620 167°
Fruit Fly

Residue Height 60 um 97 um

Areal Coverage  0.26 mm? 1.43 mm?

Wohl, C.J., et al, Engineered Silanated Surfaces for Insect Residue Adhesi



@ Case Study 3: Insect and Ice Mitigation
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Adhesion Mitigation Technology

" Conclusions
I

« Technologies for Adhesion Prevention:
« Copoly(imide alkyl ethers)
« Epoxy alkyl ether composites
« Laser ablation patterning
« Surface Topography and Silanation

¢ Technologies have been developed to
specific NASA mission needs

¢ These technologies are likely
broader applications
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