ERCSI ON RESI STANT ANTI - | CI NG COATINGS FIELD OF THE | NVENTI ON [ 0001] The
invention relates to coatings. Mre particularly, the invention relates to
erosion resistant anti-icing coatings for use on various conponents.
BACKGRQUND OF THE I NVENTION [ 0002] Ice build-up on aircraft and gas turbine
engi ne structures has been a | ongstanding problemin the aerospace

communi ty. The physical prRESEONERBEIESTENTARNRUVECSREYCOARANGSt he
aerodynam ¢ performance of airfoils such as wi ngs, fan blades, inlet guide
vanes, fan exit guide vanes, etc. Additionally, the added weight of ice

bui |l d-up can place unanticipate Qﬂﬁeﬁﬁﬂg and, in extrene cases,
may even exceed the capability qg?ﬁgﬁgﬁp@gﬁ%onen s.(éﬁrthernnre, the ice
bui | d-up cpy0GhEed Thewiinsfentayre ause teay efce daifRigryd .0 Mor gLl duir Bagi tige

[ 0003] Antj-icing systens have been devel oped to prevent ice build-up on
various aitRyeRtieRnpehehes, teueRoasoRnBeEIARAREt ABL I AFERIoFORRANER]IRE.

Many tradijdongl éﬁfﬁ§@§ %%ﬁ%%égnpggh tenperature air fromwithin the core

of the engine, whic to the. areas where heat is needed to
prevent ice build- up. Such systens have many di sadvantages: they are
conplex, they add significant weight to the engine, they require

G 11 ci oncy due 1o the |oo core Renr i OhnierEgVBRFER equi re costly

materi al s prodalm tcehduiadeipalos Hiaicredt Bedused frirbine engine
structures has been a longstanding problem in the aerospace
community. The physical presence of ice can adversely impact the
aerodynamic performance of airfoils such as wings, fan blades,
inlet guide vanes, fan exit guide vanes, etc. Additionally, the
added weight of ice build-up can place unanticipated loads on
components and, in extreme cases, may even exceed the capability

of such components. Furthermore, the ice build-up can shed,

which may cause severe damage to an aircraft or engine.

[0003] Anti-icing systems have been developed to prevent ice
build-up on various aircraft components, such as those near the
inlet of the engine. Many traditional systems utilize high
temperature air from within the core of the engine, which is
pumped to the areas where heat is needed to prevent ice build-
up. Such systems have many disadvantages: they are complex, they
add significant weight to the engine, they require complicated
thermal management systems, they lead to decreased engine
efficiency due to the lost core airflow, and they often require
costly materials or limit the materials that can be used for
components due to the high deicing temperatures that are
utilized. As such, even a partial solution to the ice build up

problem could have major economic benefits (i.e., if the anti-
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conponents due to the high deicing tenperatures that are utilized. As such
even a partial solution to the ice build up problemcould have nmajor

econom ¢ benefits (i.e., if the anti 1 icing systens could be sinpler, weigh
| ess, and/or use less core airflow for heat, etc.). [0004] Icephobic
coatings, coatings to which ice will not. adhere well, may reduce or
elimnate the_need for traditjonal .anti- icinhg,systens. ver n

exi Sting. i CEORILEYEOTE gt % TR 1 VLT o et IS nhoR (TP

resin that gAm¥leanttaid hesd | &w@r.)liquid fillers. Due to the conposition of
these icephobic coatings the solid or liquid fillers settle upon the

coated material's surface. The fluid interfaces or weak boundary |ayers on
the surface of the materjals provide ice adhesion strengths of no nore than
300kPa. HoWB9&#] Uigrphekiedcprbingset coakinaer keprasehcinat wildl BotypAbarey

have poor i o st an - in ol | re 11 Quidyfid | erss further
decr eases ‘%% EZi’r H‘S?’B??gﬁl Cfeeg)%stegﬁg\é%%%ﬁ ghfés nuenégsflorllag:llﬁeaq%leeclé)ungael t%rglengi ne
and aircralitiagneoeees .t ivevest, feed iedd uiingd-iteicieCtdadtirafe are
positioned in severely erosive environnents. [0005] Therefore, there exists

a need forPREBEhEPI & CHELMAFIasttigt OFaFdFBasat tdrss ixgp e dihatamay tapgFain
For i cophobes ooog: AAgEtH SR adstNsy el e e T I T ersl
icephobic coatings the solid or liquid fillers settle upon tﬁe
coated material’s surface. The fluid interfaces or weak boundary
layers on the surface of the materials provide ice adhesion
strengths of no more than 300kPa. However, unprotected thermoset
or thermoplastic materials typically have poor erosion
resistance, and adding solid or liquid fillers further decreases
their erosgion resistance. This is undesirable because the engine

and aircraft components that most need ice build-up protection

are positioned in severely erosive environments.

[0005] Therefore, there exists a need for icephobic coatings
that have better erosion resistance than existing icephobic

coatings.

[0006] Therefore, there exists further a need for icephobic

coatings that do not contain solid and/or liguid fillers.

SUMMARY OF THE INVENTION
[0007] In accordance with the present invention, a process for
protecting an article using an anti-icing coating broadly
comprises applying upon at least one surface of an article an
anti-icing composition broadly comprising at least one

polysiloxane free of additives; and curing the anti-icing

2
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SUMMARY COF THE | NVENTI ON [ 0007] In accordance with the present invention, a
process for protecting an article using an anti-icing coating broadly
conprises applying upon at |east one surface of an article an anti-icing
conposition broadly conprising at | east one polysiloxane free of additives;
and curing the anti-icing 2 conposition to forman anti-icing coating

exhi bi ti ng C%Q(llﬂo%q.tl acro SEJx%P%FrP ¢ b 6%9&?’4%* ae%&’ibﬁ?ﬁ(%aa [PQ 8] In

h "anot aspect e pres |nv tion icle

br oadl y comhreaxest&mr@tﬂi cife at‘.tmumg_m&tA lteasibane SurkRee; and an ant| -icing

. coating exhibiting an ice shear strength of about 19kPA to about 50 kPa

- di sposed upon said at | east one surface, wherein the anti-icing coating
~includes an anti-icing conposition broadly conprising at |east one

- pol ysi | oxaneoiede ph addbrdiyase WOOA%nbohaecarganeeow theyplregrather aspect

of the present invention, a coated blade broadly conprises a bl ade having
an inner 3PARDEAER. anEomteshErhialey kasmdlg qgmnnaw%gararan@ecl%ﬁe%vmg

strength ofcahoul IAEA LG Ahaut 50 ki HISPsad Rl Alng | 3R NS 0T

span area, whérein t 1 -1ClI ng coa I NnC S an a

-~ conposi ti odckr gadhy mmangejmgafataldoeﬁSU9m u&olamdwwecﬁar Qﬁéﬁo@étﬂldpo&e&
' [0010] The details_of one or nore enbodi nents of the invention are set
Cforth in tFBl&dc@EnPERFENS SMTEGSandhereidedda pitdr icing coating

R

includes an anti-icing composition broadly comprising at least

one polysiloxane free of additives.

f{0009] 1In accordance with yet another aspect of the present
invention, a coated blade broadly comprises a blade having an
inner span area; and an anti-icing coating exhibiting an ice
shear strength of about 19kPA to about 50 kPa disposed upon at
least the inner span area, wherein the anti-icing coating
includes an anti-icing composition broadly comprising at least

one polysiloxane free of additives.

[0010] The details of one or more embodiments of the invention
are set forth in the accompanying drawings and the description
below. Other features, objects, and advantages of the invention
will be apparent from the description and drawings, and from the

claims.

BRIEF DESCRIPTION OF THE DRAWINGS
[0011] FIG. 1 is a representation of an exemplary process for
protecting an article using an exemplary anti-icing coating

described herein;



bel ow.. O her features, objects, and advantages of the invention wll be
apparent fromthe description and drawi ngs, and fromthe «clains. BRI EF

- DESCRI PTION OF THE DRAWNGS [0011] FIG 1 is a representation of an

exenpl ary process for protecting an article using an exenplary anti-icing

. coating described herein; 3 [0012] FIG 2 is a representation of an

~exenplary f l.ad nd, the._l i e ar ti_- ] Ci tin
~applied tﬁ?@é& onﬁggéngtég Fn%%g&ﬁggﬁgéFgg oégn%%hfﬁﬁ§$%&£¥Iﬁ%éﬁﬁﬁ%%eg%nd
[0013] Figthd il®catdiciphi £adn id:tatgd Yaty amof - Behopesashig odpp Leedadhesi on
- properties of several anti-icing conpositions including NuSI|(r) R-2180 of
the presenftherdmarofrqodhy ReT £ 1QRat:R dphi 2 dNiRITYEFRER ohoeRt Hon
conpari son of erosion resistance properties of several anti-icing
. conpositions including NuSil(r) R-2180 of the present invention; [0015]
FIG 5is a %raphical illTustration of the_ ice adhesion properties of
NuSi | (r) RI2D33]afFé®. eBviiBopnenenhierpoddlustaatiopoofep Fr@pagiseongof ice

~graphical ildustration_of .t.he erosjon_ resi tance. of Nu$ | . R- 218 fte
- environne ntag lr"ezs% r? gls & rre%.peﬁtdﬁ]o [ egf(erxéai‘ 1e raenﬁtcle hunbe r%onéé%é degejfs(lﬁrésr’l at rig%ﬂ%é}
 the vari oususdndwkngssbndifcahe birkeeakererestiBRTAI LED DESCRI PTI ON [ 0018]
- This invention relates to icephobic coatings having

[0014] Fig. 4 is a graphical illustration of a comparison of
erosion resistance properties of several anti-icing compositions

including NuSil® R-2180 of the present invention;

[0015] FIG. 5 is a graphical illustration of the ice adhesion

properties of NuSil® R-2180 after environmental exposure; and

[0016] FIG. 6 is a graphical illustration of the erosion

resistance of NuSil® R-2180 after environmental exposure.

[0017] Like reference numbers and designations in the various

drawings indicate like elements.

DETAILED DESCRIPTION
[0018] This invention relates to icephobic coatings having
improved erosion resistance. As used herein and throughout, an
“icephobic coating”, or an “anti-icing coating”, is either a
coating to which ice will not adhere, or a coating where the ice
adhesion strength thereto is greatly reduced relative to that of
the underlying substrate. The term “additive” means any solid

and/or liquid filler that may be added to the exemplary anti-
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| nproved erosion resistance. As used herein and throughout, an "icephobic
coafting", or an "anti-icing coating”", is either a coating to which ice wll
not adhere, or a coating where the ice adhesion strength thereto is greatly
reduced relative to that of the underlying substrate. The term "additive"
means any solid and/or liquid filler that may be added to the exenplary

anti 4 icipgs LRg LE :and S t Lk Gl : ' : scri bed
e i n. | [OOTS0 OR ke e poR R 80 phas s Re kAo e
on thernoplestirtbed héeemmsetting resins that may contain solid or liquid
fillers, the exenplary anti-icing coatings described herein are based on
erosion resistant elastoneric materials free of additives. The exenplary
anti-icing coating generally exhibits an ice shear strength of about 19kPa
to about PpOKPR] Wirilhkan aaar-age i eclteirigstsengdid pfiabatit 3Abch are
provi des erosion resistance/protection from about -65F (-54C) to about 400F
(204C) wi tPRE PR BA’T PP ERdFL ¢ 28 eRUesSehF $8I9pE§§EESI haknAadc EPNERE Al

stability. 0 . tisgi gl 1.0g ] Lt O nprise
2t Teast” Sie R gh ot BE o e, | b e o T P e
of additi vissanibed nhgpeincatarbaaéd| easéroatonpobyictaxanelbstemefric

additives. Polysi]oxanes are el astoneric  materials that may be used . in
envi ronneﬁ?%t?]¥%ﬁrjr%b ’Eﬁe-‘iéoﬁg‘?ltiﬁ%%) Ehetﬁxa%ﬂﬁrmept&ze%ys coating

Pol ysi | oxapase {1 Rl SPhibits an ice shear strength of about 19kPa to about
50kPa, with an average ice shear strength of about 37kPa,
provides erosion resistance/protection from about -65°F (-54°C)
to about 400°F (204°C) with excursions to 500°F (260°C) thus

also possessing enhanced thermal stability.

[0620] An exemplary anti-icing coating composition may comprise
at least one high molecular weight silicone based elastomeric
material free of additives and, in particular, at least one
polysiloxane free of additives. Polysiloxanes are elastomeric
materials that may be used in environments from about -150°F (-
100°C) up to about 400°F (204°C). Polysiloxanes are also
thermally stable up to about 500°F (260°C). Suitable
polysiloxanes may be high molecular weight polysiloxanes such
as, but not limited to, platinum cured vinyl terminated
polydimethyl siloxane, peroxide cured vinyl terminated
polydimethyl siloxane, polyphenylmethyl siloxane, 4-
polytrifluoropropylmethyl siloxane, polydiphenyl siloxane and
the like. The anti-icing coating composition described herein is
commercially available as Nusil® R-2180 from NuSil Technology,
LLC, Santa Barbara, California. Prior to the inventors’

discovery, NuSil® R-2180 was not previously known to exhibit



thermally stable up to about 500F (260C). Suitable polysiloxanes may be

hi gh "nol ecul ar wei ght pol ysi |l oxanes such as, but not limted to, platinum
cured vinyl term nated polydinethyl siloxane, peroxide cured vinyl

term nated polydi nmethyl siloxane, polyphenyl nethyl siloxane, 4-

pol ytrifluoropropyl methyl siloxane, polydiphenyl siloxane and the |ike. The

anti-icing Lhi o] HQ K B a
as NuSi | (r)g%?zilnggfg reg% %llﬂltglll Q%?%%F%g%,&qf’?c%gﬁt a Bar bl?r gid%[aﬁ/i?%% nlbéar?d

Prior to thbafdnnehtbeseh udedcescay, aNtSi-licinoR@Bd0ngasanrgosgrteldrousl y known
to exhibit 5 advantageous anti-icing properties and icephobic qualities, and
had not been used as an anti-icing coating conposition. [0021] An exenpl ary
process for protecting an article using the anti-icing coating described

herein nmay ¢OOPLIs&ramdenpiary mrocess upon ptoteasingnensarthcteofisihg the

article to forma grlner coatln% at stegﬁlo of FIG 1. The priner,
conposi t i on®ReY - 1EoREr FeatANg PRRETLREH! | §eé&eWPY'§°FPF&ﬁ§t@9Q$Kﬂ49u?

agent, or €9£ erCQ h“QE'Q sEOBHE'éhQ%a%% b%a 0%%t9 ed o hﬁ%ﬁfﬂgk

the |like, a nown to one o ordi nar Il in t e art tlona e

coupl i ng agendtimy ancktep aOCafaFygt SucﬁhasprpMQEIn@mpqmﬂﬂummlmay'rhodium
i i i Si | east _one of the fore 0|n and he |i ke, as

conbi nati ons_conpri si ng, at

known 10 orGoBF* Lra Rt § 28R FPUPHFHe ST THo CREARER c AL A diRt 1 oT
‘?ﬁplhgd usi BELtRNYcoMPEnLt i68¥CkBpPiA¢RSSEE KRaWR b%eOB% Qheo@Qﬁéﬁaﬁﬂ§“|dnd
the like, as known to one of ordinary skill in the art.
Optionally, the coupling agent may include a catalyst such as
platinum, palladium, rhodium, combinations comprising at least
one of the foregoing, and the like, as known to one of ordinary
skill in the art. The primer coating may be applied using any
one of several processes known to one of ordinary skill in the
art. For example, the primer coating may be applied by spraying
(e.g., solvent assisted; electrostatic, and the like), brushing,
dipping, combinations comprising at least one of the foregoing
processes, and the like. The resultant primer composition

coating may have a thickness of about 0.0001 inches to about

0.0005 inches.

[0022] After applying the primer coating, an anti-icing
composition composed of at least one of the aforementioned
polysiloxanes free of additives, e.g., Nusil® rR-2180, may be
applied to the primer coating at a step 12 of FIG. 1. Once
applied, the anti-icing composition may be cured to form an
anti-icing coating upon the primer coating at a step 14 of FIG.
1. The anti-icing coating may be cured using any conventional
means known to one of ordinary skill in the art. For example,

the anti-icing coating may be cured in an oven at a temperature
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art. For exanple, the prinmer coating may be applied by spraying (e.g.,

sol vent assisted, electrostatic, and the |ike), brushing, dipping,

conbi nati ons conprising at | east one of the foregoing processes, and the
| i ke. The resultant prinmer conposition coating nmay have a thickness of
about 0.0001 inches to about 0.0005 inches. [0022] After applying the
primer coating, an anti-icing conposition conposed of at | east one of the

af orement i 09gd,LBQLY S box¥angs-th eecohnaddi sEyes. (‘?.’79°C)N'f§g](a'b)ou@ 280, may
be applied to the primer coating at a step 12 of ) ce applied, the

anti-ici ng monposst tonabaytbé3éumedutesf boncaratanti croisisg ldmkteidn g idpaortehe
primer coatjn anti -|C|n% coating may be cured

usi ng any cBd g%ﬁt?gﬁﬁFogﬁﬁangLEnEﬁﬁug%aBHeaBFloﬂ&ﬁﬁgr OgkPE MRVt REV&r & For

exanple, thg;iaRhbsbkCbRUaB0ALI BInARY BE GHELAE B fR1Qven at a tenperature 6
of about 140F (60C) to about 350F (177C) for about 30 mnutes to about 135

m nutes to create a cross-linked silicone based el astoner. The resultant
anti-icing coating may have a thickness of about 5 mls to about 20 mls.

[0023] The |@gs8} ! ARANde Gl GAR NG id NSANTR, [N £ 1dRl A1 £
consistent w t% Its I nt (i‘l’lajté,‘g:l Bg"e as Wg:lj] éaS repe dl exposure to t |gh
vel ocity ereﬁbnaslomhaonS$stanndw1thlmtsamdtedded usplngenwaﬂl be adghebited,
the anti-icing coatin r§5|ﬁtsh ot otentiall Rnful elenegts sych as
cl eani ng fleFRRSUTre td the high ve oc1 y element at is, wind, rain, and
! dirt impingement. In addition, the anti-icing coating resists
other potentially harmful elements such as cleaning fluids,
anti-icing fluid, salt spray, jet fuel, turbine engine
lubricating o0il, and the like. Moreover, the resultant anti-
icing coating exhibits robust bond strength under centrifugal

load.

[0024] As is recognized by one of ordinary skill in the art,
various articles across many industries may be protected using
the exemplary anti-icing coating described herein. Generally,
any industry desiring to protect equipment from the elements and
ice, in particular, may receive benefits using the
aforementioned anti-icing coating described herein. For example,
varioug articles may include turbine engine components, aircraft
components, watercraft, power lines, communication lines, and
the like. Referring now to FIG. 2, an exemplary fan blade 20 for
use in a turbine engine is shown. Fan blade 20 may be coated
with the exemplary anti-icing coating described herein. An
exemplary anti-icing coating 22 may be applied, for example,
from the inner flowpath to a minimum span location along the
blade 20 as understood by one of ordinary skill in the art.

Typically, fan blades experience the heaviest ice build-up in at



anti-icing fluid, salt spray, jet fuel, turbine engine |lubricating oil, and

the Iike. Mdireover, the resultant anti- icing coating exhibits robust bond
strength under centrifugal |load. [0024] As is recognized by one of ordinary
skill in the art, wvarious articles across many industries nmay be protected

using the exenplary anti-icing coating described herein, Generally, any

i ndustry desiring;t .ect ui oo f I [,Ce, .
parti cul ar ?gﬁg;'; rglélégi \efee%tt%g%efa?ltgs!b%g%gétt E%Tn %Pgen%%%%@?ggn?}tcll cllén{g;hg
coat i ng desonitheadsheeeictribledr hexadpl.e, various articles may include turbine
engi ne conponents, aircraft conponents, watercraft, power |ines,

comuni cation lines, and the like. Referring nowto FIG 2, an exenplary
fan blade 20 for wuse in a turbine engine is shown. Fan blade 20 nay be

coated wi tfookb¢ excerar BMENTEAL i RESHINES coati ng descri bed herein. An

exenplary anti-icing coating 22 may be applied, for exanple, fromthe inner
flowpath to a m ni mum span | ocation along the blade 20 as understood by one
of ordinary skill in the art. Typically, fan bl ades experience the heavi est

- ice build-ypokBjatrde adned &sstrddi s region and benefit using the exenplary
~anti-icing coatings described herein. [0025] EXPERI MENTAL RESULTS [0026]

| ce Adhesion Test
f[0027] Six commercially available products were tested to
determine their ice adhesion value. All six products met a
minimum temperature requirement of 250°F on both titanium and
BMI/carbon fiber composite substrates, provide some erosion
resistance and exhibit low ice adhesion. The products included
the following: Microphase Phasebreak B2; Microphase ESL; 21°5¢
Century 51PC951; S&A of Fernandia RIP-4004; Kiss Cote® MegaGuard’
LigquiCote; and NuSil® R-2180.

[0028] Ice adhesion was measured using a zero degree cone
("ZDC”) test. .The ZDC test grows ice in an annular gap between
two concentric, cylindrical surfaces and then measures the force
required to push the inner cylinder, or pile,‘out of the ice
collar and outer cylinder. An O-ring, installed on the bottom of
the pile, keeps the distilled, deionized, and de-aired water
from leaking out while it freezes. The samples requiredabout
eight hours to freeze completely at a temperature of -about
10°C, with about an additional 40 hours for the intérnal
stresses to relax before testing. The samples were then tested
using a materials testing machine that maintained the rate of
push on the inner pile. The ice adhesion test results are
graphically illustrated in Figure 3. The NuSil® R-2180

composition exhibited remarkably improved ice adhesion
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[0027] Six commercially available products were tested to determine their

i ce adhesion value. Al six products net a mninmumtenperature requirenent
of 250F on both titaniumand BM/carbon fiber conposite substrates, provide
sonme erosion resistance and exhibit |ow ice adhesion. The products included
the follow ng: M crophase Phasebreak B2; M crophase ESL; 21st Century
51PC951; S&A of _Fernandia P-4004; Ki Cot e(r.), Me ar Li.qui Cot e; and
NIS (1) REZERET OO0 e A AL off (R e RO e (o DA M b i
("ZDC") teslocinthecZRGHAS! L GMSL 1 & | thalb e ad]l DaPe ASENELE] LMPi-icing
concentric, cylindrical surfaces and then neasures the force required to
push the | meatingd prpsuctd. pile, out of the ice collar and outer cylinder
An Oring, installed on the bottomof the pile, keeps the distilled,

dei oni zed, and de-aired water from|leaking out while it freezes. The
sanpl es requi redabout eight hours to freeze conpletely at a tenperature of
-about 10d00R%lh S&odtEzasadditi onal 40 hours for the internal stresses to
rel ax before testing. The sanples were then tested wusing a materials
testing nmachine that nmaintained the rate of push on the inner pile. The ice
adhesion test results are graphically illustrated in Figure 3. The NuSil (r)
R-2180 corfpesiofi chhexdabéet eixr ecmm&abliyllppavatiiabte pdbdacts Bepeofestieds

S RICK CRIE L R P MR G
product was applied as a coating upon a composite based
substrate and a titanium based substrate. The test was
performed at room temperature. Each coated composite substrate
was sprayed with MIL E5007 crushed quartz erodent at a particle
velocity of 600 feet per second and a 20 degree angle of
incidence. The sand erosion test results are graphically
illustrated in Figure 4.The Nusil® coatings on both the composite
based and titanium based substrates exhibited remarkably

~ superior ability to withstand sand erosion compared to the other

commercially available icephobic coatings.

[0031] Ice Adhesion after Environmental Exposure of Nusil® R-

2180

[0032] Additional ice adhesion testing was performed to further
characterize NuSil® R-2180 as an anti-icing coating composition.
Ice adhesion testing was conducted on NuSil® R-2180 coated pins
after environmental exposure. The coated pins were thermally
aged at 260°F for 1000 hours, humidity cycled at 95% relative
humidity for 5 days, then dried at 260°F for 3 hours and
repeated for 10 cycles, exposed to salt spray for 30 days, and

roughened with sand paper to simulate wear. The results are

9



coating products. [0029] Sand Erosion [0030] The sanme six commercially
avai l abl e products were tested to evaluate their ability to withstand sand
erosion. Each product was -applied as a coating upon a conposite based
substrate and a titani um based substrate. The test was perforned at room
tenperature. Each coated conposite substrate was sprayed wwth ML E5007
crushed quartz rod OCIty f GOQ?Te tcge second and a

20 degree aﬂﬁ? 8Fa$EXCFE&H§§ #ﬁ %gn i‘'on“te & 5#% dfﬁbhlcally

i 'l ustrat edaneEhgtr €aduéle iNgseheen @Qatgmgy QF ket Rrkie GRS T exhenet,
and titani um based substrates exhi bited remarkably superior ability to

wi t hst and s@nd- erégibﬁac§@ﬂ§ﬁ§6dt§0tﬁ@kBﬁhebUtcéﬁﬁeﬂ§ﬁmadeﬁkﬂﬂzﬁﬁkﬂes were
i cephobi ¢ cgg%gggﬁﬁgég]gééaigﬁeAQh%i Lan,. eﬁanEnV|rogg%ntal Q§ured9to

NuSi I (r) R- ional i & danesion estlng Was pef?orne

further chasarbarize NuSil(r) R-2180 as an anti-icing coating conposition.

| ce adhesion testing was conducted on NuSil (r) R 2180 coated pins after

envi ronnment al exposure. The coated pins were thernmally aged at 260F for
1000 hours, humidity cycled at 95% relative humdity for 5 days, then dried

at 260F for [80B9VI Erafid-orfnepfa1e dnfts ke Ged eSro SXRPSBEkE Ongabt SRLaY° fior

30 days, ang roughened with sand paper to sinmulate wear. The results are 9
180

[0034] Additional erosion testing was conducted to characterize
Nusil® R-2180 as an anti-icing coating composition. Nusil® R-
2180 was applied as a coating to titanium based and BMI carbon
based composite substrates. The R-2180 coated substrates were
exposed to fluid contaminants prior to sand erosion and ice
adhesion testing. Two types of exposures were performed. A 7-
day soak test was conducted. The coated panels were submerged
in each of the following contaminanté: jet fuel (JP-8), turbine
engine lubricating oil, anti-icing fluid (propylene glycol) and
salt water. The coated panels were also subjected to a dip
test. Each panel was soaked in each of the contaminants for 30
minutes, then removed and dried for one hour at 250°F for five
cycles. Each contaminant soaked coated panel was sprayed with
MIL E5007 crushed quartz erodent at a particle velocity of 600

feet per second and a 20 degree angle of incidence.

[0035] The sand erosion test results are graphically illustrated
in FIG. 6. The contaminant soaked coated panels were compared

; with uncontaminated, uncoated BMI carbon composite panels having
an erosion rate of 3.93 cnﬁ/kg, and uncontaminated, uncoated
titanium panels having an erosion rate of 0.347 cm®’/kg. With the

? exception of results with respect to exposure to a temperature
10



graphically illustrated in FIG 5. As indicated, the ice adhesion val ues
I ncreased slightly after environnental. exposure, e.g., 171kPa conpared to
37kPa, but the ice adhesion values were still |lower than the Teflon
basel i ne i ce adhesi on value of 238kPa. [0033] Environnental Exposure and
Erosion Testing of NuSil(r) R 2180 [0034] Additional erosion testing was

conducted ¢ ractetize NuSi.l(r) -R-2180 as an apti-icin oatin '
conpositioﬁ% %Egi (r% ﬁ-cff§6m®8ét§8pFP %éggﬁféﬁﬁﬁnﬁﬁ?éiﬁ%%%ﬁé#{. ased and
BM carbonerbased egfpesihatsulstr atiaghtliRe 2tdk80 tepadeth Stisdiates were
exposed to fluid contam nants prior to sand erosion and i1ce adhesion

testing. ThBPEYEed epPmprEEsuites ther erpeitsr madesAoL hifh sEwenteningsed,
duct ed. t i f _the follow ng.
Comtam nanEIBRERA, B:PRIEkan BLfpBUITE BRE (RN P! LA oy

contaninan?s:

engi né Tubric =T cCi

fluid (propikeaatcalyeahy avdtinal HevatrébedTheredal 6¢ RAALE]Ea MBF s @b Fdrted
subjected to a dip test. Each panel was soaked in each of the contam nants
for 30 ni kAt BSMPEKBRUFBRDPEJCRAVEALPEGFT 6 GROW0 0 4F AspR fgrandad

cycl es.

E

a&g?gélg?g}g‘é@f}{}gfé%éﬁg.PO?B‘Edo %@?Jve‘éaf%x%%{}%\ffgr&‘@et e M .%f?ocqxﬁékg

crushed qua

n a particle velocCcity o per  second an

20 degree angbeoof incadeassalt[ 663phishhagsahe arediten dfesthea esidit-sidirey
graphically illustrated in FIG 6. The contam nant soaked coated panels
were conpafedtiRPt A BREBARTAAFRat ed, uncoated HM carbon conposite panels

-~ havi ng

[0036] Anti-icing coatings of the prior art that contain
polyurethane based elastomers possess poor high temperature

thermal stability which limits them to use in environments from

about -65°F (-54°C) up to about 250°F (121°C). In addition,

anti-icing coatings of the prior art that contain fluorocarbon
based elastomers do not perform well at low temperatures due to
their low glass transition temperatures. The exemplary anti-
icing coatings described herein exhibit both high temperature
thermal stability and perform well at low temperatures.
Furthermore, the exemplary anti-icing coatings described herein
do not require any additives to impart these desirable anti-
icing coating properties. As mentioned, both solid and/or fluid
additives may enhance the prior art coatings bond strength to an
article; however, the additives impair the erosion resistance
and useful service life of the prior art anti-icing coating. The
exemplary anti-icing coatings described herein will thus exhibit
a longer useful service life as well as possess the desired

anti-icing coating properties.

[0037] One or more embodiments of the present invention have
been described. Nevertheless, it will be understood that wvarious

modifications may be made without departing from the spirit and
11



an erosion rate of 3.93 cnB/kg, and uncontam nated, uncoated titanium
panel s having an erosion rate of 0.347 cnB/kg. Wth the exception of
results with respect to exposure to a tenperature 10 of 250F, the
cont am nat ed soaked coated panels exhibited erosion rates that were
slightly better to significantly inproved conpared to the erosion rates of
bot h uncont am nated, unsoaked BM carbon conposite and titani um panel s,

respectivel he cant.i.- i;Ci 0at i réhgﬂ 0 d Lol y.

subj ect ed t}égop—érr%gr ggahr ésv%?ltg%g]dt g%gg%ﬁtqé{ a du[&ggédg %Hﬁ%éadlﬁégﬁé ard <

oper ati ng ewtichanmehe. s€hpeobserthed feldowimy atlainds 0. 499 cnB/ kg at 250F is
a result of pushing the limts of the anti-icing coating s properties.

[ 0036] Anti-icing coatings of the prior art that contain polyurethane based
el astonmers possess poor high tenperature thermal stability which limts
themto use in environnments from about -65F (-54C) up to about 250F (121C).
In addition, anti-icing coatings of the prior art that contain fluorocarbon
based el astoners do not performwell at |ow tenperatures due to their |ow
glass transition tenperatures. The exenplary anti- icing coatings described
herein exhibit both high tenperature thermal stability and performwell at

| ow tenperatures. Furthernore, the exenplary anti-icing coatings described
herein do not require any additives to inpart these desirable anti- icing
coating properties. As nentioned, both solid and/or fluid

12



addi ti ves may enhance the prior art coatings bond strength to an article;
however, the additives inpair the erosion resistance and useful service
life of the prior art anti-icing coating. The exenplary anti-icing coatings
described herein will thus exhibit a |onger useful service life as well as
possess the desired anti-icing coating properties. [0037] One or nore
enbodi nents of the present invention have been described. Nevertheless, it
wi |l be understood that various nodificet®PH3 may be nade without departing
fromthe spirit and 11 scope of the invention. Accordingly, other

enbodi nents are wthin the scope of the followng clains. 12 CLAIMS What

is clainmedyhgt 1s A1RiRegssshor protecting an article using an anti-icing
coating, conprising: applying upon at |east one surface of an article an
anti- icing conposition conprising at |east one polysiloxane free of
additives; and curing said anti-icing conposition to forman anti-icing

o ceal oy AT aBgbEPeaheprotLELTAUAA yBbot A SERCLBerln S0
coat i ng uporasang, atohpassinge surface prior
applying upon at least one surface of an article an anti-
icing composition comprising at least one polysiloxane free of
additives; and
curing said anti-icing composition to form an anti-icing

coating exhibiting an ice shear strength of about 19kPA to about
50 kPa.

2. The process of claim 1, further comprising the step of
applying a primer coating upon said at least one surface prior

to applying said anti-icing composition.

3. The process of claim 2, wherein applying said primer
comprises a process selected from the group consisting of

spraying, brushing, dipping, and bonding.

4. The process of claim 2, wherein applying said primer further
comprises applying said primer coating comprising a primer

composition and a catalyst.

5. The process of claim 4, wherein said catalyst comprises any

one of the following: platinum, palladium and rhodium.

13



to applying said anti-icing conposition. 3. The process of claim2, wherein
applying said prinmer conprises a process selected fromthe group consisting
of spraying, brushing, dipping, and bonding. 4. The process of claim 2,
wherein applying said prinmer further conprises applying said prinmer coating
conprising a primer conposition and a catalyst. 5. The process of claimd4,

wherein said c y. rLse : on t.he _foll ow ng; .pd atinum .
paIIadiunﬁ%hd ?%%%i%%?gggBbeTﬁ%gg%o%ésghggeéﬂaﬁﬁpiylﬁﬁé%&4%aﬂﬂﬁﬁﬂﬁﬁquaid
anti -i ci ngcommegpbisi bhosoRprpPseses prpteeessesekeetied rba0MHA @ RHP

consi sting of sprayin brushi ng, dipping, and bonding. 7. The process of
claimi1, W&t t%ﬁﬁi%ﬁ SRFaYaARY; - PERERLiNgonPaBPingn @8fpliosesingeat i ng said
anti-icing conposition at about 77F to about 300F for about 30 mnutes to
about 135 mnutes 8. The process of claiml, wherein the article is
selected fromthe group consisting of turbine engine conponents, aircraft
conponent &/ - watErererecepdvef ¢latd hndvberrini curisg Bhads angi-Aciagt ed

ticle, LTI . . _ ¢ _ _
ot o nd gt fon MR 608 NEILINRCLa L Bahe T THG' B8RP ISiRR &5 abour
50 kPa di sjxasad vptn sai abadt | BastFofer sB6H8CED minutes to about 135

minutes

8. The process of claim 1, wherein the article is selected
from the group consisting of turbine engine components, aircraft

components, watercraft, power lines and communication lines.

9. A coated article, comprising:

an article having at least one surface; and

an anti-icing coating exhibiting an ice shear strength of
about 19kPA to about 50 kPa disposed upon said at least one
surface,

wherein said anti-icing coating includes an anti-icing
composition comprising at least one polysiloxane free of

additives.

10. The coated article of claim 9, wherein said at least one
polysiloxane is selected from the group consisting of platinum
cured vinyl terminated polydimethyl siloxane, peroxide cured
vinyl terminated polydimethyl siloxane, polyphenylmethyl
siloxane, diphenyl siloxane and 4-polytrifluoropropylmethyl

siloxane.

14



wherein said anti-icing coating includes an anti-icing conposition
conprising at |east one polysiloxane free of additives. 10. The coated
article of claim9, wherein said at | east one polysiloxane is selected from
the group consisting of platinum cured vinyl term nated pol ydi net hyl

si | oxane, peroxide cured vinyl term nated pol ydi net hyl sil oxane,

pol yphenyl rﬁhleﬁéI@e@@@d Qf@i‘@i‘éﬁ' §'b9§§aeganqhér@%yts5m' Qr 9@ LeRY Lagt hyl

si | oxane. 11. The coated article of aim9, wherein said | east one
ponS|Ioxammfy&&ﬂqﬁam@dfreaeeflsddxéeveé as Eeaetoﬁnatsmbadt a@&IBDQed at
| east one |iguid additiv

bot h d t d addit d
at |east ofEdiiqiie & |f#%%t %%e iﬁ%u% a?§§§§}¥g2$§ EPLb A Ixﬁgﬁélnggg

said anti-igdii £ d N PLAY I 8853 e40S108sPr 8hect Egnifr aaaaleg%, -65F to
about 400F. 13. The coated article of claim9, whérein said anti-icing

coating is thermally stable up to about 500F. 14. The coated article of
claim9, further conprising a prinmer coating disposed upon said at |east

one Surfacaﬁ’md REDeatd: S&1 drr AR L -b£1 BYa EQAGI ”Qhe}él?TﬂsleoahE,dL -3klh ' e of
claim 14, erein sald priner coating conprises a silane coupling ag a
titanate cowdting ayeowides ebotion protection from about -65°F to about

400°F.

13. The coated article of claim 9, wherein said anti-icing

coating is thermally stable up to about 500°F.

14. The coated article of claim 9, further comprising a primer
coating disposed upon said at least one surface and beneath said

anti-icing coating.

15. The coated article of claim 14, wherein said primer coating
comprises a silane coupling agent, a titanate coupling agent, or

both.

16. The coated article of claim 9, wherein said article is
selected from the group consisting of turbine engine components,
aircraft components, watercraft, power lines and communication

lines.

17. A coated blade, comprising:

a blade having an inner span area; and

15



16. The coated article of claim9, wherein said article is selected from
the group consisting of turbine engine conponents, aircraft conponents,

wat ercraft, power lines and communication lines. 17. A coated bl ade,
conprising: a blade having an inner span area; and 15 an anti-icing coating
exhibiting an ice shear strength of about 19kPA to about 50 kPa di sposed

upon at |east s d er. r n_said antl-lc n
i ncl udes an ant%llcfﬁﬂ'lcﬁégi é%tln gﬂ%?f%}%hn%ta?e <7 %h gro?y§??§§gngf

free of addicuitveske8 tdheqaeatssl kbadei gbostdi tpdrd, avheegsn said ahnkeast
one polysiloxane free of additives conprises a polyal kyl siloxane selected
fromthe gF®¥® &&ift:sting of platinumcured vinyl terninated polydinethyl

si | oxane, perox%eerl%tirrpcgavlldwa{qtl e{%}e tgga‘?%%ﬁieé@ilg%%s SLLOXAP®. icing

pol yphenyl net hyl oxane

4-polytrif bwmwm:mdﬂmidmﬁrlﬁlﬂ@)%tﬂdeaﬂ& dike sobyetlbkade dieel afm 17,
wherein said at |east one polysiloxane free of additives is free of at

| east one S8F1§iV&dditive, at |east one liquid additive or both said at

| east one solid additive and said at |east one liquid additive. 20. The
coated bl ade of claim 17, wherein said anti-icing

18. The coated blade of claim 17, wherein said at least one
polysiloxane free of additives comprises a polyalkyl siloxane
selected from the group consisting of platinum cured vinyl
terminated polydimethyl siloxane, peroxide cured vinyl
terminated polydimethyl siloxane, polyphenylmethyl siloxane,
polydiphenyl siloxanes, and 4-polytrifluoropropylmethyl

siloxane.

19. The coated blade of claim 17, wherein said at least one
polysiloxane free of additives is free of at least one solid
additive, at least one liquid additive or both said at least one

solid additive and said at least one ligquid additive.

20. The coated blade of claim 17, wherein said anti-icing
coating provides erosion protection from about -65°F to about

400°F.

21. The coated blade of claim 17, wherein said anti-icing

coating is thermally stable up to about 500°F.

22. The coated blade of claim 17, further comprising a primer
coating disposed upon at least said inner span area and

underneath said anti-icing coating.
16



coating provides erosion protection from about -65F to about 400F. 21. The
coated bl ade of claim 17, wherein said anti-icing coating is thermally
stable up to about 500F. 22. The coated bl ade of claim 17, further
conprising a prinmer coating disposed upon at |east said inner span area and
underneath said anti-icing coating. 16 23. The coated bl ade of claim 22,
wherein said prinmer coating conprises a silane coupling agent, a titanate

coupl i ng a%%?t’TRE cB%E@d %&ade of claim 22, wherein said primer coating

comprises a silane coupling agent, a titanate coupling agent, or
both.
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