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Icing on structures

i lce Storm Consequences

ce storm in Quebec, 1998 2 v




Preventing ice accretion on structures

Techniques for iceremoval/prevention
on structures
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Hydrophobicity and Superhydrophobicity

Wettability

F Characteristic of solids
F Geometrical structure and surfaces chemical composition
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Aluminum and its alloys

U Worldwide use in many sectors of economy and life.
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Aluminum alloys and corrosion

U When the substrate is metal (Al and its alloys, Fe, Mg, etc.),
corrosion iIs another concern

UCorrosion protection
durability and performance.




Major surface features of AA2024 (prior to coati

U Aluminum alloy surface: not homogeneous

U Galvanic coupling and corrosion (galvanic or localized
corrosion (pitting)

Al-Cu-Fe-Mn
Inter -metallic particle

Alloy
matrix
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Chromate conversion coatings: the mest
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I.  Alkyl chains are anchored on metal
surfaceXa multilayer film.
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i. Between each layer. functional groups/&
polymerized(hydrolysisand condensation)

coatings: among potentia
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Objectives

Preparing single and double-layer alkylsilane-based coati
on etched AA2024; as potential ice/snow-repellent layers,

Systematically study of prepared nano-structured surfac
morphological, compositional, wetting and self-clea
characterlzatlon

Studying their icephobicity,

Evaluating their durability in different pH conditions (weé
baslic and acidic conditions) and over repeated icing/de-ic
cycles,

Electrochemical study of prepared coatings: evaluating t
anti-corrosive performance (potentiodynamic polarization
and cyclic corrosion exposure as well)



Experimental procedure

Octadecyltrimethoxysilane
CA>15@", CAH<6" ~ 10 nm :1.46)
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Results and discussionCA and CAH of samples

F EtchedAl: CA:~21.2 N5° and(:~68.3 N 1.16 (mNmt) é Hydrophilic s
with a nativeoxidelayer.

R-Si(OMe); + 3 H,0 — R-Si(OH); + 3 MeOH

U After BTSEdeposition CA: ~41°.

u After ODTMS depositionon BTSE [double layer coating, BTSE/O
CA>150 andCAH<6A... well-coatedroughAl surfaces

U Waterdropletsrestat thetop of roughasperitiefCassieBaxterwettingr

with a solid fractionarea %1148 “~largeamountof air trappedb

Cassie Wenzel -
State State Cos0* = f (1+Cos0) - 1

6* and 8 are the CA of rough and flat surfaces with the same surface chemistry

[1s the area fraction of the solid surface that confacts water
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Contactangle (degree:

Coating durability (different pH conditions)
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Superhydrophobic samples (well-coated nano-structured

surfaces)

Gradually lose of superhydrophobicity (=720 to ~1000-h of

Immersion in basic and nano-pure media, respectively),

Rupture of the Si-O-Si bond between the ODTMS (~10nm)
and BTSE (~-100nm) molecules due to bonds hydrolysis.




Self-cleaning property of double layer coating on AA2

U Good self-cleaningproperty soil meshwas easily carried away by water
dropletwhile passingoy.

U Small watersolid contactarea[small CAH values (~4-6°) and high CA
values(>15(°)]é characteristiof SH surfaces



U Initial valuesof shearstressof ice detachment
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U Waterrepellencygraduallydecreasedver time (decreasef CA andincreasdn wetting
. hysteresigCAH)).

U Watermoleculesattackedthe R-Si-O- bondto hydrolyzeit, resultingin hydrophilici OH
groupsonthesurface

U Gradualdamageof rough structures mss——p partial switch of wetting regimefrom

Cassido aWenzetCassieregime
U ‘DeCayur Uu riviSTayerdrulidrgericessunucoriiacidreadner L2 1Cmgrueiciniy. 777777



Potentiodynamicpolarization curves

u 3.5% NaCl aerated solution (pH:7.9)(Sea water)
| U Corrosion potential positively increases.
u Corrosion current density of B%aaéaut:
i a) 4 orders of magnitudecompared to bare Al (2.44E5 Acnr?)
b) 3 orders of magnitudeas compared to ODTMS (1.1 Acnr?).
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u Barrier property of the BTSE/ODTMS coatedsamplewasimproved |
. significantly ascomparedto a bare or evensinglelayer coatedAl.



Cyclic Corrosion Test

| Bare Al 10— > extensivecorrosion after 8 cycles(appearanceof localize
corrosion).

| Increasedsizeand density of black dots.

| Coated sampleswith single ODTMS layer 10— > obvious cOrrosio
products after 18 cycles

I Coatedsampleswith double layer BTSE/ODTMS layer m——>>small trace
of corrosion after 81 cyclesp———"> improved corrosion resistance

C Optical images of bare AA2024
before (a) and after (b) 18-cycle
corrosion test for ODTMS coated
AA 2024 (c) and for BTSE/TMSOD
coatechlloy (d) aftertest




Conclusions

X Alkykterminated nano-structured superhydrophobicsurfaceswere prepdtet
by depositing layers of ODTMSon BTSEgrafted AA2024 or rough AAZEZZ
substrate

Y Both samples demonstrated excellent superhydrophobicand self-cleafifg
properties

/Z Theywere subjectedto aggressiveconditions (different pH), demonstrgtife
gradually lose of superhydrophobicityafter ~720to ~1000-h of immersiQmi
water, acidic or basic media (associatedwith decreaseof water CAj&Rd
increaseof CAH)

[ Theirice repellent performancewere evaluatedfollowing successivéecingldes
icing cycles,ndicating reduced iIce adhesion(~6 times lower thagias:
received Al. This reduction wa the presenceof micro/nano-

hierarchicalsurfacestructuresand low surfaceenergylayers




