EROCSI 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.
BACKGROUND OF THE | NVENTI ON [ 0002] Ice build-up on aircraft and gas turbine
engi ne structures has been a | ongstanding problemin the aerospace

conmmuni ty. The physi cako®f®® e afanTC ANeaDI AHVE S@iDrNgEPact the
aerodynam ¢ performance of airfoils such as wi ngs, fan blades, inlet guide

vanes, fan exit guide vanes, etc. Additionally, the added weight of ice

buil d-up can place unanticipgtg Dlgfdﬁ{gqm&mgﬁents and, in extrene
Ity

cases, nmay even exceed the capabrl of "such conponents. Furthernore, the
i ce bui ll[doap] cahesHatrentiwbncheaye € atus eecniegs . dBnagepa ot aeukarlor,aftheor

engi ne. .[0003] Anti-icing systens have.been devel oped to prevent _i ce
] e LA BRRE b ot A e BT She4 SEehE Pae LHoSe ReaF TARE TPF et of

t he engiBe. oVeyrisedi ddpilentst ens utilize high tenperature air from
within the core of the engine, which is punped to the areas where heat is

needed to prevent ice build- up. Such systens have many di sadvant ages: they
are conplex, they add significant weight to the engine, they require
conplicated thermal manag@AOXNEROINSt eFBTHE hEWHNEAIDN 0 decr eased engi ne

ef fici encg due to the_l.ost core, ai‘ga‘!t ow, and they often require costly
mat eri all898¢) | iIGet PEALAFHP P a2 S HRAT ABF B8SuEREPHRT Sbiffonent s due to

t he hi ght gk At P ALLL chBat afl eng Ui db %86 1 AT h8UGRr 08Y8Re @ parti al
solution to the ice build up

community. The physical presence of ice can adversely impact the
<j 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

Q_ 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-



probl em coul d have maj or economi c benefits (i.e., if the anti 1 icing
systens could be sinpler, weigh |less, 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 traditional anti- icing
systens. However, many existing icephobic coatings are based on a

ther mopl asijg Qf<dhes MR b!%gs!ix‘ﬁ?ié‘:h,t had: JIBY SNt 8hR /o80hLd DEsd B
fillers. Due to the conposition of these 7 cephobic coatings the solid or

li quid faitiekaw Saint Iheatportiché. coated material's surface. The fluid
interfaces or weak boundary |ayers on the surface of the materials provide
i ce adhesion C strengths of no nore than 300kPa. However, unprotected

t her nose t t Pﬁ#gri . YRLcal |l 0QJ; 18" @8k 003n
resistan@grﬂgnd?gégpﬁégéo+§a 0 Vi%&?55¥§%lgésw?€?¥ﬁé%3 é&?egsgsg ther r
er osi on wedlsli s treayc ecediivies ors ellmmesattalle heecaufert headngiomal andtiad reraft

conponent s, that nost need ice build-%P. Lotectiog are positioned in
sever el y ErtsiSVE "EMA r SIHENEE: TYB05] l'ISrDFé‘flgf FFEPIPREF e“RXT LS & ifeed f or

i cephobira £RRIOMES thehabphak¥ei edt ethamRsedh ihgS keEaACEhdhamkyeXdcHitiang
i cephobi c _ coati ngs. _[0006£ Therefore, there exists further a need for
i cephobiP1ih & Adeuihat1déehdt Kehttd FhsolcoaPeadFr 6P PHUFRETS | 1 ers.

SUMVARY (e pHdE 1 I.-NVENTL Qs 0887401 111 ancardange s § Brkhge ¥ RS&Hord RM@Ntion, a
process for protecting an article using an anti-icing coati n% broadl y
conpri seai®el yiargripadn sasurbase. die Suiviidcdnskrincast PE|weath boundary

layers on the surface of the materials provide ice adhesion

<i 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 erosion 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.

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

coatings that do not contain solid and/or liquid 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



anti-icing conposition broadly conprising at | east one polysiloxane free
of additives; and curing the anti-icing 2 conposition to forman anti-icing
coating exhibiting an ice shear strength of about 19kPA to about 50 kPa.

[ 0008] In accordance with another aspect of the present invention, a
coated article broadly conprises an article having at |east one surface;
and an anti-icin coating exhibiLin%.an i ce.shear, strength of, about 19kPA
to about“BEWRPEEPshBsEa Updh 3 8Hi d 409 E88F BRSSP HE™ e &Eh t he

anti -i Cigh@ag0atirBagthnekugdBsutn SiHA +icCiaBgueospoRP4| on broadly conprising
at | east one polysiloxane free of additives. [0009] In accordance with yet
anot her aspect of the present invention, a coated bl ade broadly conprises
a bl ade having an inner span area; and an anti-icing coating exhibiting an
i ce sheganos]r engtdrafrdheet widkPAndohabaidpd® kifa ttiesposedntpon at | east
the inner span area, wherein the anti-icing coatin i ncludes an anti-icing
conposi YR 6Rdl § EBﬁﬁ?gs??E}Q%eIQ§8§91Y0%8mBB+?% | Ik e G lee DBV INg

addi tives. 1£8Q10bndhgudeiad | sarf ann%nQEL—ﬂ@iﬁge@é)@ir’é@f‘éﬁqi@;i_ttiﬂé kAvention
are set forth in the acconpanying drawi ngs and the description” bel ow.

O her fdgeupbBsarobreensth apfl adntlages 6f aheut R ntipilisgoskdbepappar ent

o THE BAR REsEEb8 LR S urBgSa b B R AL o iRy process
for prdnhetudng an antiel@ngicupesiedenpbacydbntcommiisgngoati hgast

one polysiloxane free of additives.

N

[0009] In 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

' (ﬁ 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;



described herein; 3 [0012] FIG 2 is a representation of an exenplary fan
bl ade and the | ocation of an exenplary anti-icing coating applied
t hereupon fromthe inner flowpath to a m nimum span |ocation; [0013] Fig.
3 is a graphical illustration of a conparison of ice adhesion properties
of several anti-icing conposi tions including NuSil o R-2180 of the present
i nventio [ 4 |s 2 a ustration of arlson of
er osi on ¢23 23 é%% pf operd i T é%s 5 gﬁSP ant e |?§?ﬂ#¥ﬁf§b%' ﬁge 21 udi ng
NuSi | (r)eHe 2b%Gtabnt be phesgshplaveninnidi@dlebatlfy &pbBiéd gr aphi cal
illustration of the ice_adhesion_ _properties of NuSil(r) R 2180 after
enV|ronﬁ%ﬁﬁ%%ugg%p5§emethénannfﬁoﬁkﬂwﬂﬁqﬁ te PAsmangFEBhFRar 1PFafsitatEt i on of
the erosion resistance of NuSiImR-2180 after environnental exposure.
[0017] Like reference nunbers and designations in the various draw ngs
i ndi cate I|5? el enments. DETAI LED SCE{PTICN [0018] This inyvention relates
to i cephdfitcicomtd ng33 A fF2 PovEULRF ORGP & & SRFRATASCORSR He ein
and t hr Qaskeybn BRopekE€RBOPE Cs&RAA INGint 10K c3Ag" aBhbos £f 1eh£ 03ld1Rg i n
.either a cogting to which ice will not adhere, or a coating where tﬁe ice
adhe5|oﬁu§ﬂﬂen§t%1$%e?%tthsPRﬁﬁ@@FIynVéGHt@@/relatlve to that of the
underlying substrate. The term "additive" nmeans any solid and/or |iquid
filler that may be added to the exenplary anti 4 icing coating conposition
and resultant ant|-|C|ng coating

[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;

~
N

[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 wvarious

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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descri bed herein. [0019] Unlike anti-icing coatings of the prior art, which
are based on thernoplastic or thernosetting 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 19 aha P h, hear. _st of about
37kPa, '%EOJ%JES e?%%lon r%ng%éncgﬁprdg&ﬁgﬁg%%?%gnggéogtEgggig% 54C) to
about 40DFsd2i0H] heirtehinexcur si ons to 500F (260C) thus al so possessing
enhanced thermal stability. [0020] An exenplary anti-icing coating
conposition may conprise at |east one high nolecul ar weight silicone based
el astonmeric material free of additives and, in particular, at |east one
pol ysi | ok If r 6rl Dke aauli 1 1veng RPokysnbexahesharer ehastanembdchnareri al s

t hat b 2d ts f boyt, - 150F C t o .ahout 400F
(2040) - BRAYE  o AET R BB S o0 (e 15) P RoP 80Ut BabolY SUOE (3600

Sui t abl esolp@ y&d Ilqmﬂas fiByebe, hilgh dvdngQuhgr aneightingl ysat ugnes such
as, but pot limted to, platinumcured vinyl term nated. polydi nethyl
si | oxanéiesﬁéfr%ﬁddéleé"ﬁlléday?n??s%‘%r‘?ﬁ (FHASd O &PFd PRBRE Ry PLIFFIIEIE

pol ypheny catils %lrtegxe@eadéltp@ésyt rmfé Wode Q{BEQPW HRERYL o Shd OXA8ing
pol ydi phenyl siloxane and the Iike. The anti-icing coating conp05|t|on

descri baeniegiedily exhibbdhfeari i¢ ShRad |sdivleagsh NGSRPewt RKABCS edeuNuSi |
Technol ogy, 'w?tlgsg@t g-vgf‘é&é‘rf‘ce Gl dd ”E;;@QHE’B' 8F Lfoifeyhupentors’

dlscovery QUS| not previ ousl own to exhrbit
e provides erosion resistance/protection from about -65°F (-54°C)

b 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



5 advant ageous anti-icing properties and icephobic qualities, and had not
been used as an anti-icing coating conposition. [0021] An exenplary process
for protecting an article using the anti-icing coating described herein
may conprise applying a priner upon at |east one surface of the article to
forma primer coating at step 10 of FIG 1. The priner conposition my

conpri Seacﬁra%ft'a%'&%u‘éoHHHUgcﬁﬂﬁr‘%roﬁefﬂfe%n%frﬁ GedBhbBYc a@@&‘htpés, he{s,

conbi nat1 ons conprising at [ east one of the foregoing, and the like, as
known t diashewotf beedi naegd skidh ant itiecing coaGpngonainbysithen coupl i ng agent
may include a catal yst such as platinum palladium rhodium conbinations
conprising at least one of the foregoing, and the like, as known to one of
ordinary skill in the art. The primer coating nay be applied using any
one of sld¥add] Zﬁ?@@w@%mwésm‘a@ro@r@wm agkjart icAet Heingr§he For

exanpl e e ;R g‘;Eo&Q?ﬁé ”@d@@% Bﬁed %‘%ﬂel de éB&B‘:}‘ié‘g a;%?l ng $0! vent

assi sted, el ectr tatic rus di ppi I nati ons
conpri S|pngrra1r bpast abnkeast tdree fonegaengt pheces‘sesleaml ﬁchen la kerimE&lme

resul tant priner _coppos at.ing.may have a thi ckness of about 0.0001
b o Rt ot o TBa et 1 oh e R G T AP P B P B rrar coat] no.
an anti 'cioﬁipﬁrgseCQnEQBalhé OFoGSTRE ededlt ,ak teaaha@@ec@iphheg alqenenesti oned

pol ysi | oxanes free of additives, e.g., NuSil(r) R-2180, may be applied to
the pri et coSPF‘H@n%Fl%n%t%?j“H@s&fngFlaG leasgngie %fpptF}i‘eeofoﬁerﬁ?é’lélﬁtf apd; ng

COMpOSI ith@n1HRY, bgs Clh&kh 1 TSHdNAN or@Rhhrl,CERYL LOAL I} QN the primer
coating at a step 14 of FIG

; Optionally, the coupling agent may include a catalyst such as

C 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® R-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

6



1. The anti-icing coating may be cured using any conventional neans known
to one of ordinary skill in the art. For exanple, the anti-icing coating
may be cured in an oven at a tenperature 6 of about 140F (60C) to about
350F (177C) for about 30 mnutes to about 135 mnutes to create a
cross-linked silicone based elastomer. The resultant anti-icing coating
may have a . thickness of about 5 mls to about 20 n}ls. 0023] . The
resul ti ®f AREUE ¢FRgF A8 TRy VWtﬁﬁﬂﬂinééofFegﬁﬁé Shd=o% i afreuts consi st ent
with itsindterded HpButaszyehimdsed eRLRHt X POSYESE- I hikdie diilghonel oci ty
el ements, that is, wind, rain, and dirt inpingenent. In addition, the
anti - i chegedogtpagonesi sThe wHEitandt aptial FinGacedtine|weMayes@ch as

cl eani ngf;l yids Ogngbﬁﬁgiggn{ﬂéné$ 38t §ﬁrg¥1sjet fuel, turbine engine
the | t 0

| ubricating orl, and I ke.” Moreover, e resultant anti- icing coating
exhi bits robust bond strength under centrifugal [|oad. [0024] As is
recogni zed by one of ordinary skill in the art, wvarious articles across

many i ndigpbhh eSrHIRY-R1REAECEhed- USiY cddi8 X GARhEUnaTt FTL£I MY £RALI NG
described herein. Generally, any industry désiring to protect ‘equi pment
from t heibreféanscaongistert withpatisi dokandedunyse ecas wellenesf irepeatedg t he
af orenent | d.apti-jci cQat,i escrib her.ei,n.. For .exanpl i ous
articIegxhgggrﬁcpéd%ﬁ%J&%ﬁhgﬁgﬁg%ﬁg ggﬁ%%ﬁg%ts%h%ﬁr%ihﬁ?ﬂéégﬁﬁgﬁén¥§,

wat er cr dfitt popengénees, Iroraddiitdeni onhei agsi - anihg tdwatlinke reBegesri ng now

FI 2 n_ex f.an 20 for in r.bin ngi ne i hown.
Lgn bfgaéhgg Hésgngi%iék(ﬁ%rg¥d%d%legengs sggg as c égéﬂ%g %l%i s,e s sho
C_ anti-icing fluid, salt spray, jet fuel, turbine engine

lubricating oil, 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,
(” various 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



with the exenplary anti-icing coating described herein. An exenplary
anti-icing coating 22 may be applied, for exanple, fromthe inner flowpath
to a mninmum 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-up in at 7 least this region and benefit using the exenplary
anti-ici.n cogéin S descri£ d he.ein..[OOZS% EXPERI' VENTAL RESULTS [0026]

| ce Adhe< £ ?6@2?’? K Leiuging 505 pEReTR Prodits Mg tested to

det er m n@dhelyk bBescadhesi wir-dal ue. Al six products met a mni mum
tenperature requirenent of 250F on both titaniumand r BM/carbon fiber

conposite substrates, provide sone erosion resistance and exhibit |owice
adhesi on. The products included the follow ng: M crophase Phasebreak B2;

M cr ophaee 2B3L ; X3t MENant URysBAPE951; S&A of Fernandi a Rl P-4004; Kiss
Cote(r) MegaGuard LiquiCote; and NuSil (r) R-2180. [0028] Ice adhesi on was
nmeasured using a zero degree cone ("ZDC') test. The ZDC test grows ice in
an annul ar gap between two concentric, cylindrical surfaces and then
nmeasur eg ooheé]f aree Adhegubhedes® 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/l eaking
out while it freezes. The sanpl es requiredabout eight hours to freeze
conpl et diop2dl ®itemperatruiel by awbblablel@Codnictk aboettasteddidional 40
hours f%%t%?%ihgtgﬂg?% 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°
Century 51PC951; S&A of Fernandia RIP-4004; Kiss cote’ MegaGuard®

LiquiCote; 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 internal
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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stresses to relax before testing. The sanples were then tested using a
materials testing nmachine that maintained the rate of push on the inner
pile. The ice adhesion test results are graphically illustrated in Figure
3. The NuSil(r) R-2180 conposition exhibited remarkably inproved ice
adhesion 8 properties over Teflon, widely considered the baseline in anti-

icing coatings, as well _as.the other well|l recognized. anti-.icin coating
r oduct & FOGRIF oSN a EF BT Bh /| JOSG]YTRENShHRr &1 t oASFGIAF! y ad8rt abl o
product si gieie cbastiads, t aseval lad€e dieicthabi Wely trocyéghhsddnchisandiggosi on.
Each product was applied as a coating upon a conposite based substrate
and a ti®atiam BPESEHCEEbstrate. The test was performed at room
tenperature. Each coated conposite substrate was sprayed with ML E5007
crushed quartz erodent at a particle velocity of 600 feet per second and a
20 degree gqle of . incidence. The sand erosion test results are
graphic£Q§; i 193R4 BRSd9n Figure 4. The NuSil (r) coatings on both the
conposite based and titanium based substrates exhibited remarkably
superior ability to withstand sand erosi on conpared to the other

commer cial l.y.avail abl e i cephobi c_coatjngs. [.0031] |ce Adhesion after

v rondBel "L HHE SATNGSTREFS o 1D 10013 PAGGRETBniPer (4 si on
testi ng twagsvaenheeneleip duitier tchatast ehll zeaMuSitdd)orR- 2E8Qhas an
anti-icing coating coansition. | ce adhesion testing was C%Pducted on

NuSiI(rPerETEOWE%af%H fﬁqﬁﬁs a coating upon a composite base
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 Nugil® coatings on both the composite
based and titanium based substrates exhibited remarkably
superior ability to withstand sand erosion compared to the other

commexrcially 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



after environnental exposure. The coated pins were thernmally aged at 260F
for 1000 hours, humdity cycled at 95% relative humdity for 5 days, then
dried at 260F for 3 hours and repeated for 10 cycles, exposed to salt

- spray for 30 days, and roughened with sand paper to sinulate wear. The
results are 9 graphically illustrated in FIG 5. As indicated, the ice

dh I d hII t t I . 9.,
171kPn. GO0 SHPR TR IHe TR SuncaPoR SUADEetnatBe S8 11 | ower

t han t hediefdien b@&ﬁbbn@ntﬁéaé"émeéﬂlﬂjht\l@l ueref eﬁ38i§8ﬁmer[1@@133€]x osure,
Envi r onnent al gosure and Erosion Testing of NuSil(r) R 2180 [0034]

Addi t i orfal9 -er 391l ER2t ESTPREChasC coMtRot @dltt &hehafact ?%bon ARSI (BF R 2180
as an anii '1'10'1'897e90@f1599tﬁ<9”ﬂ9§15d %se"ﬂliﬁle' (E %h%?@n%él@{&lﬂ ed as a

coating to titanium based and carbon based conposite substrates. The
R- 2180 ¢8a&tk@a.substrates were exposed to fluid contam nants prior to sand
erosion and ice adhesion testing. Two types of exposures were perforned. A
7- day soak test was conducted. The coated panels were submerged in each
of the follow ng contaminants: jet fuel (JP-8), turbine engine Jubricating
oi |, antlioo3gil nEmvigianmeptopy Esnesyry cand Byie 1 ogaTe sEADSr ofTNeStbatRed panel s
were al sqggubjected to a dip test. Each panel was soaked in each of the
contanlnants for 30 mnutes, then renoved and dried for one hour at 250F
for five cycles. Each contam nant soaked coated panel was sprayed with

M L E5007 crushed quartz erodent at a particle velocity of 600

[0034] Additional erosion testing was conducted to characterize
(- NuSil® R-2180 as an anti-icing coating composition. Nusil® Rr-
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 Eesting. Two types of exposures were performed. A 7-
day soak test was conducted. The coated panels were submerged
in each of the following contaminants: 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



feet per second and a 20 degree angle of incidence. [0035] The sand erosion
test results are graphically illustrated in FIG 6. The contam nant soaked
coat ed panels were conpared w th uncontam nated, uncoated BM carbon
conposite panels having an erosion rate of 3.93 cnB/kg, and
uncont am nat ed, uncoated titanium panels having an erosion rate of 0.347
cnB/kg. Wth the exception of results with respect_to exposure to a

t enper aCdr €>26F of EBEORONE Rl AR RAFHEEd COBERE PR B = F et % x hi bi t ed

er 0si onch-akesnt hatc YerRa s 131 ReLL G bteetéjrgf‘é)féfit'ﬂ.{fi’caﬂﬂw oved conpar ed
to the erosion rates of both uncontam nated, unsoaked BM carbon conposite

and tit ampyavpdneprspared gexttihfelepositherahes - PEi bt e omngont ag@tieBed herein
is typi bj et r.at.ur . o] t., 2 in a

st andar g‘ﬁg%%}éggt %Iﬁg (g%{/l?érgnér?e t% ﬁeaggsg%%g?%% oé?slg{lér’atlgeb%% C(S.%gggyénﬁl kg
at 250FThs antésitingfcqutsiignglashe ibedi hereint he andicd diyngubjeatiedqg’ s
properties 0036] Anti-icing coatings of the prior art that contain

pol yur efRa 8‘[“Beo\§% E?%s?%r?&pg"tp&ggegstﬁoa?o‘ﬁ? gﬁoé egrrp]é? & G eREr mal

st abi | i byewht CAg | & i:SortrReiB I 0 TUSE obBe SRY¥H I OFERIYIS fdtQiNo AUl 9- 68T/ Ky 54C)

up to about 250F (121C). In addition, anti-icing coatings of the prior art
that coAtafROfF ub? RFBOHE IdsPysBiiagt bher 1w H Rt fis ahivdrcingt | ow

tenperatyresngue tQpdheids | ow glass transition tenperatures. The exenplary
anti- icing coatings described herein exhibit both high tenperature

thermal stability and performwell at |ow tenperatures. Furthernore, the
exenpl ary anti-icing coatings described herein

C [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. Neverthelegs, it will be understood that various

modifications may be made without departing from the spirit and
11



do not require any additives to inpart these desirable anti- icing coating
properties. As nentioned, both solid and/or fluid C additives may enhance
the prior art coatings bond strength to an article; however, the additives
inmpair the erosion resistance and useful service life of the prior art
anti-icing coating. The exenplary anti-icing coatings descri bed herein

w Il thus exh|? E oq? rvhce I%% as_possess t he

desi red °&Ei ° C|H8 £B%E Eﬁmngﬁ%¥?f {9-¥008 efh%m%? Hﬁ?é arfodi nents of
the presgrhinnydst tespbaye cheefbldesamngbedaievertheless, it will be
understood that various nodifications may be nmade wi thout departing from
the spirit and 11 scope of the invention. Accordingly, other enbodi nents
are wthin the scope of the following clains. C 12 CLAIMS 1. A process
for protecting an article (20) using an anti-icing coating (22),
conprising: applying (10) upon at |east one surface (20) a primer coating
conprising a primer conposition conprising a silane coupling agent, a
titanate coupling agent, or both; applying (12) upon said priner coating an
anti-icing conposition conprising at |east one polysiloxane free of
additives; and curing (14) said anti-icing conposition to form an
anti-icing coating having a thickness of 5 mls to 20 mls and exhibiting
an ice shear strength of 19kPA to 50 kPa.

12



2. The process of claim1l, wherein applying said prinmer conprises a
process selected fromthe group consisting of spraying, brushing, dipping,
and bonding. 3. The process of claim 2, wherein applying said priner
further conprises applying said primer coating includes a catalyst. 4. The
process of claim3, wherein said catal yst conprises any one of the
follow ng: platinum palladiumand rhodium 5. The process of any preceding
claim wherein applying (12) said anti-icing conposition conprises a
process selected fromthe group consisting of spraying, brushing, dipping,
and bonding. 6. The process of any preceding claim wherein curing (14)
said anti-d g conposition conprises heating said anti-icing conposition
at 77 deg. F (25 deg. C) to 300 deg. F (149 deg. C) for 30 mnutes to 135
m nutes. 13 7. The process of any preceding claim wherein the article (20)

i's selected fromghRegs Oty pOHSIEE hGrOhrEid1Bi (0 )ENgE R £08PONERE Sg

ai rcraft conponent wat ercraft, power lines and communication lines. 8. A
coat ed artf%gngbd??]tﬁﬁBPf§?ﬁ§f an article having at |east one surface; a
pri mer coatapplyigsposedipupodr dabsk ahel @aFthconeosus fxdeer St ingri mer
coating coqgrises a silane cougli agent, .a.titanate cou Lingggg%nt, or

bot h; and an anti-rci r{)gm(r{%f'ﬁtclorr{1 © hwoﬁgcc?i“p"trriﬁs%rlgngs%l of" 5 R s "Fo° mMls and
exhi bi ti ng aanitawtsheawrlshg exughh, ofr bOKPA to 50 kPa di sposed upon said
pri mer Coatgpggyin%?lif)i le%ﬁi gai%nbi:i'niec}:i thatcigatérp%nlc E‘—Cictiqgsc@rﬁbosition

comprising at least one polysiloxane free of additives; and

curing (14) said anti-icing composition to form an anti-icing

coating having a thickness of 5 mils to 20 mils and exhibiting an

ice shear strength of 19kPA to 50 kPa.

2. The process of claim 1, wherein applying said primer comprises
a process selected from the group consisting of spraying, brushing,

dipping, and bonding.

3. The process of claim 2, wherein applying said primer further

comprises applying said primer coating includes a catalyst.

q. The process of claim 3, wherein said catalyst comprises any

one of the following: platinum, palladium and rhodium.

5. The process of any preceding claim, wherein applying (12) said
anti-icing composition comprises a process selected from the group

consisting of spraying, brushing., dipping, and bonding.

6. The process of any preceding claim, wherein curing (14) said
anti-icing composition comprises heating said anti-icing composition
at 77 deg. F (25 deg. C) to 300 deg. F (149 deg. C) for 30 minutes

to 135 minutes,

13



anti-icing conposition conprising at |east one polysil oxane free of

additives. 9. The coated article of claim8, wherein said at |east one

pol ysi |l oxane is selected fromthe group consisting of platinumcured vinyl

term nat ed pol ydi net hyl sil oxane, peroxide cured vinyl term nated

pol ydi net hyl sil oxane, pol yphenyl net hyl siloxane, diphenyl sil oxane and

4-pol ytrifluoropropyl nethyl siloxane. 10. A coated bl ade, conprising: a

bl ade having an inner span area; a priner coating disposed upon said at

| east one surface or said inner span area and beneath said anti-icing

coating, said prinmer coating conprises a silane coupling agent, a titanate

coupling agent, ot _both; and an ant|-|C|n t|n %@) exh|b| (ﬁg an ice
I'n

shear strength JF PERPR> ?oégﬁ kPaOis 6§€ U oﬁrg I"e5st %5% span
ar ea, wher eiif %ﬁiﬁdtedaﬁtpml&hengrqnnatpmgpaFZQg qfn@hthkaﬁ ang g congrnggts,

Composi t1 0g; LATRE | HiBnalcd CAste e DOLYAL! PAADE JleonfuAdditves. 14 1L

The coated bl ade of claim 10, wherein Said east one polysiloxane free
of additiveés"onprises a pol yal kyl siloxane selected fromthe group

consi sting of platlnun1cured vinyl term nated pol ydi net hyl sil oxane,
peroxide cured vinyl termnated polydi pethyl siloxane, polyphenyl nethyl

si | oxane, golydfﬁﬁéﬁV?ar§ﬂFB&dﬁB§ cﬁ’ﬁ‘ﬁ“ﬁfﬂﬁgfytrlfluoropropylmethyl

si | oxane. iﬁ.ar'Ehelé:Oﬁ'&/eﬁlg aitt lede: Ghebslu&(ﬂecé)f any of clains 8 to 11, wherein
said at | east one p olés (gxane ree gddltlves is free of sgﬁileast one

sol i d addi fi¥e]"“at T8 FFquPa” Scf‘du tTve 8Pt potth s T tace:

prlmer coating comprises a silane coupling agent, a titanate
coupling agent, or both; and

an anti-icing coating having a thickness of 5 mils to 20 mils and
exhibiting an ice shear strength of 19kPA to 50 kPa disposed upon
said primer coating, wherein said anti-icing coating includes an
anti-icing composition comprising at least one polysiloxane free of

additives.

9. The coated article of claim 8, 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.

10. A coated blade, comprising:

a blade having an inner span area;

a primer coating disposed upon said at least one surface or said
inner span area and beneath said anti-icing coating, said primer
coating comprises a silane coupling agent, a titanate coupling
agent, or both; and

an anti-icing coating (22) exhibiting an ice shear strength of 19kPA
to 50 kPa disposed upon at least said inner span area,wherein said
anti-icing coating (22) includes an anti-icing composition

comprising at least one polysiloxane free of additives.

14



said at | east one solid additive and said at |east one liquid additive.
13. The coated article or blade of any of clains 8 to 12, wherein said
anti-icing coating provides erosion protection from-65 deg. F (-54 deg.
C) to 400 deg. F (204 deg. C). 14. The coated article or blade of any of
claims 8 to 13, wherein said anti-icing coating is thermally stable up to
500 deg. F (260 deg. C. 15. The coated article of any of clains 8, 9 or
12 to 14, wherein said article is selected fromthe group consi sting of
turbi ne engi ne conponents, aircraft conmponents, watercraft, power |I|ines
and conmmuni cation |ines. 15

11. The coated blade of claim 10, 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.

12. The coated article or blade of any of claims 8 to 11,

wherein said at least one polysiloxane free of additives is free of
at least one sclid additive, at least one liquid additive or both
said at least one solid additive and said at least one liquid

additive.

13. The coated article or blade of any of claims 8 to 12,
wherein said anti-icing coating provides erosion protection from -65

deg. F (-54 deg. C) to 400 deg. F (204 deg. C).

14. The coated article or blade of any of claims 8 to 13,
wherein said anti-icing coating is thermally stable up to 500 deg. F
(260 deg. C).

15. The coated article of any of claims 8, 9 or 12 to 14,
wherein said article is selected from the group consisting of
turbine engine components, aircraft components, watercraft, power

lines and communication lines.
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