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B Aircraft

a Aerodynamic Surfaces

. Engines _.|_ :.:.,,!: _ H I -. ) It -, - “ — i
e |eading edges of wings e e L

B Marine Vessels

B Surface Vehicles

B Communication and
power lines

B Hydroelectric Intakes

B Lock Walls
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% Current Solutions In
& Aircraft Industry
B Keep Surface above 0°C

e Store in heated hangers
e Built in heating systems

B Chemical De-icing

s Glycol
e 2-Methoxyethanol — banned

B Costly and Impractical

".Need to develop an icephobic coating
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Cold Regions Research &
Engineering Laboratory (CRREL)
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Cold Regions Research
& Engineering Laboratory

(CRREL) Ice Adhesion Test

B Aluminum cylinders are spray coated with
Material

B The coated cylinders are frozen into an ice mold

B The sample is placed in fixture and a load applied

Coated
cylinder
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Aluminum Ice Adhesion Test

7000N> (P”

Max load used to calculate shear stress required for ice release

/

Pin load

213.67 § Current Value

Offset due to signal from instrumentation,
even before crosshead makes contact with
pin.
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Ice broke free!
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I0.595628

Current Value

: a I;oa{N} lce Contact Area(m”

ChRact {%/min)

Stress (kpa) slope
[6164.12 {o.004054 1520.62643 |o,001025

4.85

Strain rate (1/s)

l0.00020213
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Comparison of Ice-Phobic

Coatings:

Sample Name

Manufacturer

MegaGuard LiquiCote

KissCote, Inc

Phasebreak B-2

Microphase Coatings

ESL

Microphase Coatings

RIP-4004

S&A Fernandina, Inc.

Urethane-51PC951

215 Century

R-2180

NuSil Technology
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Comparison of Ice-Phobic Coatings:
CRREL Ice Adhesion Results

TECHNOLOGY
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MegaGuard | Phasebreak Nu Sil
LiquiCote B2 ESL RIP- 4004 | Urethane-2 (R-2180)

O Mean 898 117 295 637 374 37
B Std Dev 210 72 322 160 96 14
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Department of the Army Ice
Adhesion Test Results

DOA Ice Adhesion Tests
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Aluminum Ice Adhesion Test

7000N> (P”

Max load used to calculate shear stress required for ice release

/

Pin load

213.67 § Current Value

Offset due to signal from instrumentation,
even before crosshead makes contact with
pin.
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BRI e T Load suddenly returns to O.
Ice broke free!

Pin displacement
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Current Value

: a I;oa{N} lce Contact Area(m”

ChRact {%/min)

Stress (kpa) slope
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Strain rate (1/s)
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R-2180 Ice Adhesion Test

Mew Surmmary file? Save Data
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R-2180 Max Load From
Strain Energy And Dynamic
Friction N

Before ice is released, force on pin is Displacement 1
due to strain energy of coating and ice

After ice is released, force on pin is due
to friction between coating and ice.

The source of the normal force is Zgg

probably peaks and valleys in the 1 |

coating topography. N

A combination of these forces, and NETE

other phenomena result in the curved = pin
Sleeve ——

shape of the pin load diagram R-2180
Ice and Coating have a very
complicated interaction
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Environmental Exposure

B Durability - Coated Aluminum Pins were

roughened w/ sand paper to simulate wear

B Thermal Aging

B Humidity Cycles
B Salt Spray Exposure




R-2180 After
Environmental Exposure
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TECHNOLOGY
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R-2180 Summary

B Although ice continues to form under static
conditions, R-2180 significantly reduces ice

adhesion

B Performs 10x better than any other commercially

available coating or material

B Shows favorable performance after wear and

environmental exposure
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