Office de la Proprieté Canadian
Intellectuelle Intellectual Property
du Canada Office

Un organisme An agency of
d'Industrie Canada Industry Canada

CA 2796305 A1 2011/09/22

(21) 2 796 305

12 DEMANDE DE BREVET CANADIEN
CANADIAN PATENT APPLICATION
13) A1

(86) Date de déepot PCT/PCT Filing Date: 2011/03/15

(87) Date publication PCT/PCT Publication Date: 2011/09/22
(85) Entree phase nationale/National Entry: 2012/10/12

(86) N° demande PCT/PCT Application No.: US 2011/028541
(87) N° publication PCT/PCT Publication No.: 2011/116005
(30) Priorité/Priority: 2010/03/15 (US61/314,137)

51) Cl.Int./Int.Cl. £03D 77/00(2006.01)

(71) Demandeur/Applicant:
ROSS TECHNOLOGY CORPORATION, US

(72) Inventeurs/Inventors:
BLEECHER, DOUGLAS, US;
HARSH, PHILIP, US;
HURLEY, MICHAEL, US;
JONES, ANDREW K., US;
CHAN LOR, BOON, US;
SIKKA, VINOD K., US

(74) Agent: BERESKIN & PARR LLP/S.E.N.C.R.L.,S.R.L.

(54) Titre : PISTON ET PROCEDES DE PRODUCTION DE SURFACES HYDROPHOBES
(54) Title: PLUNGER AND METHODS OF PRODUCING HYDROPHOBIC SURFACES

Figure 1

(57) Abrégée/Abstract:

Highly durable hydrophobic and/or oleophobic coaxings and methods and compositions for their production are described herein.
AJdso described herein Is a plunger having a hydrophobic surface prepared using the coating compositions described herein.

W .
‘ l an a dH http.:vvopic.ge.ca + Ottawa-Hull K1A 0C9 - atp.//cipo.ge.ca OPIC
OPIC - CIPO 191

,
L
X
e
e . ViNENEE
L S S \
ity K
.' : - h.l‘s_‘.}:{\: .&. - A L~
.
A

A7 /7]
o~




w0 2011/116005 A1 | HIIHIHF41ORFO0A OO0 RSO0 A A AR

CA 02796305 2012-10-12

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization

International Bureau

(43) International Publication Date
22 September 2011 (22.09.2011)

(10) International Publication Number

WO 2011/116005 Al

(51)

(21)

(22)

(25)

(26)
(30)

(71)

(72)
(75)

International Patent Classification:
EO03D 11/00 (2006.01)

International Application Number:
PCT/US2011/028541

International Filing Date:
15 March 2011 (15.03.2011)

Filing Language: English
Publication Language: English
Priority Data:

61/314,137 15 March 2010 (15.03.2010) US

Applicant (for all designated States except US). ROSS
TECHNOLOGY CORPORATION [US/US]; 104 N.
Maple Avenue, P.O. Box 646, Leola, PA 17540-0646

(US).

Inventors; and
Inventors/Applicants (for US only): BLEECHER, Dou-
glas [US/US]; 622 Courthouse Circle, Lititz, PA 17543

(74)

(81)

(US). HARSH, Philip [US/US]; 538 Bentley Ridge
Boulevard, Lancaster, PA 17602 (US). HURLEY,
Michael [US/US]; 1317 Newton Road, Lancaster, PA
17603 (US). JONES, Andrew, K. [US/US]; 124 Round-
top Drive, Lancaster, PA 17601 (US). CHAN LOR,
Boon [US/US]; 117 South 4th Street, Denver, Pennsylva-
nia 17517 (US). SIKKA, Vinod, K. [US/US]; 115
Dansworth Lane, Oak Ridge, Tennessee 37830 (US).

Agent: SANDERCOCK, Colin, G.; Perkins Coie LLP,
700 Thirteenth Street, N.W., Washington, DC 20005

(US).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
ME., MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
NO, NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD,

[Continued on next page]

(534) Title: PLUNGER AND METHODS OF PRODUCING HY DROPHOBIC SURFACES

o N ~.
Ny e
A ) ,.a"’?‘rﬁ
~ N - 9 "\.\_.\_" ( 5)

Figure 1

[Continued on next page]



CA 02796305 2012-10-12

WO 2011/116005 A 1 MU0 A0A V0 A 00 T A

SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
1T, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW. LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
M, TR), OAPI (BF, BJ, CF I, CM, GA, GN
(84) Designated States (unless otherwise indicated, for every (S}v‘;, MI}: (1\)/IR, N(E, S’N,Jfr[c), %(ég}’ L CM, GA, GR, GQ,

kind of regional protection available). ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, Published:
/M, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,

— 'th int {1 [ h t (Art. 21(3
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK with international search report (Ar (3))

(57) Abstract: Highly durable hydrophobic and/or oleophobic coaxings and methods and compositions for their production are
described herein. AJso described herein 1s a plunger having a hydrophobic surface prepared using the coating compositions de-

scribed herein.



CA 02796305 2012-10-12
WO 2011/116003 PCT/US2011/028541

PLUNGER AND METHODS OF PRODUCING

HYDROPHOBIC SURFACES

BACKGROUND

Priority Data & Incorporation By Reference

U001} This international application claims the benefit of priority to U.S. Provisional Patent
Application No. 61/314,137, filed March 15, 2010, entitled "Plunger and Methods of Producing
Hydrophobic Surfaces” which 1s incorporated by reference n its entirety.

13002] A plunger is the most common household article used to clear clogged plumbing fixtures
such as drains, toilets, and sinks. As seen in Fig. 1, the plunger generally consists of two parts: (1) a cup
and {2) a handle. With a shightly modified cup, which has a skirt (3) protruding from the cup (Fig. 2}, the
piunger is used for industrial applications such as in hotels. The plunger cup typically consists of rubber
or a flexible polyvinyl chloride (PVC) material. PVC is sometimes prepared as a composite with fillers
such as thermoplastic rubber (TPR), and up to 35% of the fillers 1s added to the PVC for optimizing
flexibility and hardness of the plunger cup. The handle is typically wood or solid plastic, but other

materials such as clear acrylic are used.

LHIRY Regardless of the materials used to construct a plunger or the exact form of the cup,
plungers operate by making a seal with the plumbing fixture's surfaces after which the application of
pressure on the flexible cup through the handle creates a pressure that clears clogs. The number of times

pressure must be applied to the handle to create a plunging action depends on the severity of the clog.

10004 After use, the plunger {cup and handle) typically are covered in materials originally
destined for the sewer, such as toilet water and/or other materials such as fecal matter. That water and
other materials tend to drip onto the floor when the plunger is removed from the toilet and contaminate
any surface it comes into contact with. Not only is the water dripping on the floor highly undesirable
with regard to the cleanliness of the bathroom and damage to the floor’s surface but 1t also creates sites

for bacterial growth.

BRIEF DESCRIPTION OF THE DRAWINGS

HIHIRY Fig. | shows three views of a typical houschold drain plunger showing the cup (1} with

an optional lip (8) and handle (2).

[0006] Fig. 2 shows three views of a typical industrial (heavy duty) plunger showing a handle

and a cup with an optional hp (8) and skirt (3} protruding from the lower edge of the cup.
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{0007 Fig. 3 shows an embodiment of a plunger with a hydrophobic (superhydrophobic)

coating applied to the cup and a portion (about one-half of the length) of the handle.

0608} Fig. 4 shows another embodiment of a plunger with a hydrophobic (superhvdrophobic)

coating applied to the cup.

{3009 Fig. 5 shows another embodiment of an industrial plunger with a hydrophobic

(superhydrophobic) coating applied to the cup and a portion of the handle.

DESCRIPTION OF EMBODIMENTS OF THE DISCLOSURE

{30010 Embodiments of this disclosure, which are described herein, provide for a plunger coated
in whole or i part with a hydrophobic or superhydrophobic coating that can be used to ciear plumbing
while advantageously resisting becoming wet and fouled with materials intended for disposal via the
drain. The plunger resists wetting and fouling even after dozens or even hundreds of uses, which can be
measured by individual compressions of the plunger cup via pressure applied to the handle. In some
embodiments, less than about 0.2, about 0.5, about 1, about 2, about 3, or about 4 grams of water remain
bound by adhesion to the surface of the plunger after immersion in water at about 20°C, even after the

piunger cup has been compressed more than about 300 times by applying force to the handle.

4

LHHIIRY Embodiments of the plungers described herein that resist wetting and fouling by
materials intended for the sewer can provide one or more of a variety of advantages. For example, they
can be removed from plumbing fixtures after use with little or no dripping of materials onto the floor and
other nearby objects, thus keeping floors and nearby surfaces dry and clean. Embodiments of the
plungers described herein also reduce or eliminate the odor associated with used plungers. In addition,
bacteriai {(microbial} growth is less likely to occur on the hydrophobic coatings described herein, whether
applied to plungers or other objects, as there will be a limited amount of accumulated water and/or other
materials to support growth. Bacterial (microbial) growth can be further suppressed by incorporating a
number of different antibacterial and/or antifungal agents into the coatings described herein including,
but not hmited to, zinc pyrithione, zinc di{lower alkyl)dithiocarbamate (e.g., zinc
dimethyldithiocarbamate} and siiver (e.g., colloidal silver or silver nanoparticles typically in the range of

i-30 ppm or 10-30 ppm).

{0001 2] In some embodiments, the coatings applied to all or a part of the plungers described
herein will not only be hydrophobic, but also oleophobic. Plungers that are oleophobic in addition (o
being hydrophobic will further resist wetting and contamination by materials, including fecal matier, that
are intended for the sewer. Such plungers will further limit the growth of bactenia by limiting the amount

of material present to support its growth.

0013 Embodiments of the plungers described herein are thus suitable for use i clearing
| PIUTLE &

plumbing inciuding clogged toilets, sinks and drain pipes connected to toilets and sinks, including
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embodiments that are adapted for industrial use. The shape of the cup {oval, circular etc.} may be made

in a variety of widths adapted to clearing specific types of plumbing fixtures. In addition, the use of one
or more rubbers to prepare cups having suitable stiffness and resilience can permit embodiments of the

plungers described herein to adapt 1ts contours to the surface of plumbing fixtures.
1.0 DEFINITIONS

{600 14] For the purposes of this disclosure a hydrophobic coating is one that results in a water
droplet forming a surface contact angle exceeding about 90° and less than about 150° at room
temperature (about 18 to about 23°C). Similarly, for the purposes of this disclosure a superhydrophobic
coating is one that resuits in a water droplet forming a surface contact angle exceeding about 130° but
less than the theoretical maximum contact angle of about 180° at room temperature, The term
hydrophobic includes superhydrophobic, and may be limited {o superhydrophobic, unless stated

otherwise.

{3001 5] For the purposes of this disclosure an oleophobic material or surface is one that results in
a droplet of hight mineral ol forming a surface contact angle exceeding about 25° and less than the

theoretical maximum contact angle of about 180° at room temperature.

(OO0 161 Durability, unless stated otherwise, refers to the resistance to loss of hydrophobic

properties due 10 mechanical abrasion or flexing.

HO00171 Moiety or moieties, for the purpose of this disciosure, refers to a chemical group (e.g.,
alkyl group, fluoroaklyl group, haloaklyl group) bound directly or indirectly {e.g., covalently} to another
part of a molecule or another substance or material (e.g., a first or second particle). A moiety also
includes chemical components of materials that are associated with a material (e.g., components of first
or second particies) that are not covaiently bound to the particles {e.g., siloxanes or silazanes associated

with first or second particles).

FHEIEY Alkyl as used herein denotes a linear or branched alkyl radical. Alky! groups may be
mdependently selected from C, to Cyp alkyl, G, to Cyp alkyl, Cqto Cyp alkyl, Coto Cog alkyl, Cato Cig

aikyl, or Cg to Cyp alkyl. Unless otherwise indicated, alkyl does not include cycioaikyl, Cycloalkyl
groups may be independently selected from: Cyto Cy alkyl comprising one or two Cy to Cg cycloalkyl
tunctionalities; Cyto Cyp alkyl comprising one or two € to Cy cycloaikyl functionalities; Cg 10 oo alkyl
comprising one or two Cyto Cg cycloalky! functionalities; Cqto Ciz alkyl comprising one or two Cyto G
cycloalkyl tunctionalities; and Cqto Cyg alkyl comprising one or two Cyto Cy cycloalkyl functionalities.
One or more hydrogen atoms of the alky! groups may be replaced by fluorine atoms to form fluoroalky!l

groups..

GOG19] Lower alky! as used herein denotes a C; to Cg alkyl group.
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180020 Haloalkyl as used herein denotes an alky! group in which some or all of the hydrogen
atoms present in an alkyl group have been replaced by halogen atoms. Halogen atoms may be limited to

chlorine or fluorine atoms in haloalkyl groups.

{30021 Fluoroalkyl as used herein denotes an alkyi group in which some or all of the hydrogen

atoms present in an alkyi group have been replaced by fluorine atoms.

O0022] Perflucroalkyl as used herein denotes an alkyl group in which fluorine atoms have been

substituted for each hydrogen atom present in the aikyl group.

- Bt

{0023 For the purpose of this disclosure, when content is indicated as being present on a

"weight basis” the content 1s measured as the percentage of the weight of components indicated, relative

(f7

to the total weight of the binder system. When a liquid component such as a commercial binder product
is used, the weight of the liquid component 15 used to calculate the weight basis, without regard to the
relative amounts of solute and solvent that might be present in the commercial product. Thus, for
example, when Polane 1s used as a binder, the weight basis is calculated using the weight of the Polane
prepared as instructed by the manufacturer, without regard to the proportions of polyurethane solute and
organic solvents. Optional solvents that are separately added to a composition merely to, for exampie,
dilute the composition to a thickness suitable for spraying, are not included in the calculation of content

on a weight basis.

{60241 Water-based as used herein to refer to binders refers to liquid compositions that comprise
water or which can be diluted with water (e.g., to reduce viscosity). Water-based binder compositions

inciude solutions, dispersion, suspenstons, emulsion gels and the like.

{G00625] The term metalloid includes the elements B, Si, Sb, Te and Ge. Oxides of metalloids or

metalloid oxides include, but are not limited to, oxides of B, 81, Sb, Te, and Ge, such as S510,.

ZOPLUNGER CUPS

- )

{0026} Referring now to Figure |, embodiments of plunger cups disclosed herein may take
many forms. Qenerally, the cups are shaped to have a concave inner surface (4) and a convex outer
surface {5) to which the handle is attached at a point that can be reinforced or built conform to an end of
the handle (9). The mner surface and outer surface meet at a rim (7) that may have an optional lip
attached (8). The point where the handle is attached may be reinforced to provide an adequate strength to
the joint and to spread the force applied to the cup from the handle. The shape at the point where the
handle attaches to the outer surface of the cup may thus depart from a convex shape. A cross section
through the cup parallel to the rim and generally perpendicular to the long axis of the handle (6) is
generally circular, oval, elliptical, or oblate. in addition to the cups shown in the accompanying

drawings, some exampies of suitable cup shapes can be observed in U.S. Patent Nos. 4,622,702 and
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i

Y

lunger-cup shapes.

00027 Referring to Figure 2, in some embodiments, particuiarly industrial embodiments, the
cup may be fitted with a "skirt” (3}, which assists in conforming the plunger to the shape of the plumbing
fixtures. The skirts are generally cylindrical sections of material that attach to, or just inside of, the rim
of the cup. The skirt may narrow slightly as it extends away from the cup. Skirts, when present, are
generally made from the same material as the cup, and in one piece with the cup, although they also can

be made of a ditferent material.

{00028} fn embodiments described herein, plunger cups may be made from a resilient material
that 1s resistant to water. In some embodiments the plunger consists of rubber (natural or synthetic} or a
tiexible polyvinyl chloride (PVC) material. Where PVC 1s employed, may be prepared as a composite
with fillers such as thermoplastic rubber (TPR), which may be added in an amounts, e.g., up t0 35% (by
weight) or more, to impart desirable properties such as increasing the flexibility of the PVC while
providing appropriate hardness and resilience. In other embodiments, the cup may be made from a
rubber selected from the group consisting of: nitrile rubber, acrylonitrile-butadiene (NBR), natural
rubber, butadiene-type rubber, styrene-butadiene rubber, chloroprene, ethylene propylene diene modified
rubber (EPDM), polyurethane rubber, buty! rubber, neoprene, isoprene, polyisoprene, halobutyi rubber,
fluoroelastomers, epichlorchydrin rubber, polyacrylate rubber, chlorinated polyethylene rubber,
hydrogenated SBR, hydrogenated NBR, carboxylated NBR, stlicone rubber, or mixtures, copolymers or

terpolymers thereof,

3.0 HANDLES

G029 Handles of plungers are generally attached to the outer surface of the cup at a point
where the cup can be effectively compressed to provide pressure o water and material ciogging a
plumbing fixture. Where the plungers are circular in cross section the handle is typically attached to the
outer surface at a point that 1s approximately equidistant from the rim n all direction.

{00030 Handles for use with plungers can be made of any suitable rigid material including, but
not himited to, wood, plastic, and metal. In some embodiments, the handles can be made of clear plastic

such as acrylic. In some embodiments, the handies may be hollow and {luid connection with the mnside

¢

of the cup on one end, and at the other end connected to a source of water to supply pressure, as in U.S.

Patent No. 4,768,237, the disclosure of which is incorporated herein by reference in terms of the use of a
hollow handle and a fluid connection. The handle also may be provided with a hydrophobic coating as
described herein.

4.8 COATINGS

{00031 Coatings applied to the surfaces of the plungers described herein may be any coating that
provides a hydrophobic coating that is sufficiently flexibie to endure the repeated bending and flexing

that the plunger cup will be exposed to during use without substantial loss of hydrophobicity
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{GG332] [n some embodiments, the hydrophobic coatings applied to the plungers, and optionally
to the handles, comprise: 1) a binder; 1) first particles having a size of about 30 um to about 225 um; and
111} second particles having a size of about | nanometer (nm}) to about 25 um comprising one or more
independently selected hydrophobic or oleophobic moieties.
{30033] In other embodiments, the hydrophobic coatings applied to the plungers comprise a base
coat comprised of said binder and said first particies applied to satd cup, and optionally applied to said
handle, and a top coat comprised of second particles applied to the base coat after it has been applied to a
surface (e.g., a surface of the plunger such as the cup or handle).

4.1 Binders
LHUIRT:Y Binders used to prepare hydrophobic coatings may have a variety of compositions. One
consideration in choosing a suitable binder is the compatibility between the surface (o be coated and any
solvent(s) used to apply the binder. Virtually any binder may be employed that is capable of adherning to
the surface of the plunger while retaining sufficient flexibility that it does not appreciably chip, crack, or
neal away from the plunge cup when subjected to repeated flexing due to pressure applied to the plunger
handle to the point that the hydrophobic nature of the coating is substantially reduced {(i.e. the coating
hydrophobicity or ability to shed water i1s not substantially reduced by more than, 5%, 10%, 15%, 20%
or 25% (e.g., where a 100 mg of water might adhere to a plunger before being subject to 100 depressions
by applying pressure to the handle, the plunger will not retain more than 105, 110, 125, 120, or 125 mg
of water adhering to its surface). In some embodiments, the binders emplovyed are hydrophobic in the
absence of any added first or second particles, which can be advantageous in the preparation of
nydrophobic and/or oleophobic coatings.
{O0U35] In some embodiments, the binders may be selected from lacquers, polyurethanes
(including water based polyurethanes), fluoropolymers, or epoxies. In other embodiments the binders
may be selected from lacquers, polyurethanes, or flucropolymers. Binders may be hydrophilic,
hydrophobic, or hydrophobic and oleophobic in the absence of the first and second particles described
herein that alters the durability, hydrophobic and oleophobic properties of the binder.
[30036] Where the binders employed are hydrophilic, the coating, including first and second
particies, can be given an application of a silanizing agent atier it has been applied to the plunger.,
[00037] Hydrophobic coatings applied to the surfaces, such as the surfaces of the plungers
described herein, may be formed with binders having a broad range of thicknesses. In some
embodiments the coatings will have a thickness in a range selected from about 10 um to about 225
Within this broad range are embodiments employing coatings of thicknesses that range from about 10
um to about 25 pum, from about 25 um to about 50 um, from about 50 um to about 75 um, from about 75
pum to about 100 um, from about 100 um to about {25 um, from about 125 um to about 150 um, from
about 150 um to about 175 pm, from about 175 pum fo about 200 um, from about 200 um to about 225
im, from about 15 um to about 200 pum; from about 20 um to about 150 um; from about 30 um to about

175 um; and from about 50 um to about 200 um.
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4.1.1 Lacguer Binders

{30038 Embodiments of the plunger described herein may employ lacquer binders. Lacquers
may be used on a variety of surfaces that may be employed to make plungers and/or plunger handies, and
are particularly useful in forming coatings on plastics, woods and metals, inciuding, but not limited to,
metals {steel, stainless steel, and aluminum), plastics and rubbers. Lacquer binders typically are
polymeric materials that are suspended or dissolved 1n carrier solvents and which dry fo a hard finish, at
least in part, by evaporation of the carrier solvents used to apply them. The polymeric binders present in
facquers include, but are not limited to, nitrocellulose and acrylic lacquers; each of which are suitable for
use in preparing hydrophobic coatings.
[GG039] In embodiments of plungers herein, hydrophilic lacquers may be employed as binders;
particularly where the coating will be given an application of a silanizing agent after it has been applied
to the substrate. In other embodiments, lacquers that are hydrophobic in the absence of first or second

particies described below may be employed to prepare the coatings described herein.

30040 In addition to the polymeric materials and solvents present in lacquers, a variety of other
materials that enhance the properties of lacquers also may be present to impart one or more desirable
properties. For exampie, such materials can provide not only color but also increased adhesion between
the lacquer and the surface of the plunger upon which it 1s applied (i.e. the cup or handle).

100041 ] A variety of commercial lacquer preparations may be used to prepare the durable
coatings described herein. Among the commercial acrylic lacquers that may be employed are "Selt-
Etching Primer” (Eastwood Co., Pottstown, PA); DuPont VariPrime 6155 (DuPont Performance

Coatings, Wilmington, DE) and Nason 491-17 Etch Primer (DuPont Performance Coatings, Wilmington,

DE
H
L

p—

1000421 Lacquers may be used on a variety of surfaces, and are particularly useful in forming
coatings on plastics, woods, and metals, including, but not limited to, metals (steel, stainiess steel, and
aluminum), plastics, and rubbers.

4.1.2 Polyurethane Binders
130043 A wide variety of polyurethanes, including those prepared in organic solvent or in water
may be used 1o prepare hydrophobic and/or oleophobic coatings described herein. Polyurethanes are
poiymers consisting of a chain of organic units joined by urethane (carbamate) linkages. Polyurethane
polymers are typically formed through polymerization of at least one type of monomer containing at least
two 1socyanate tunctional groups with at least one other monomer containing at least two hydroxyl
(alcohol) groups. A catalyst may be employed to speed the polymerization reaction. Other components
may be present in the polyurethane coating compaositions to impart desirable properties including, but not
fimited to, surfactants and other additives that bring about the carbamate forming reaction(s) yielding a
coating of the desired properties in a desired cure time.
{00844 In some embodiments, the polyurethane employed in the durable coatings may be
formed from a polyisocyanate and a mixture of ~OH (hydroxyl) and NH {(amine) terminated monomers.

In such systems the polyisocyanate can be a trimer or homopolymer of hexamethylene diisocyanate.

7
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+  HO-R-OH —- ,

N N

GeNH0 \\’/ T S— ROOHCN(HC) N\H/ N\\(CHZ)SNCHOOR -----
; ;
HDI Trimer Potyalcohol Polyurethane
1 O0045] Some solvents compatible with such systems include n-butyl acetate, toluene, xvlene,

ethyl benzene, cyciohexanone, isopropyl acetate, and methyl isobutyl ketone and mixtures thereof.
1300461 In some embodiments, polyurethanes that are hydrophobic as applied in the absence of
first or second particles described below may be employed to prepare the coatings described herein.
Among the commercial polyurethanes that may be employed are the POLANE® family of polyurethanes
from Sherwin Wilhiams {Cleveland, OH).
10003471 Polyurethanes may come as a single component ready to apply composition, or as a fwo
or three part {(component) system, as s the case with POLANE® products. For example POLANE® B
can be prepared by mixing POLANE® B (typically six parts), to a catalyst {e.g., typically one part of
VooV 27 or V66V2H from Sherwin Williams), and a reducer (typically 25 to 33% of R7K84 from
Sherwin Williams). The "pot life” of mixed POLANE® B prepared in that manner 1s typically 6-8 hours.
{00048} A variety of water-based polyurethane compositions (aqueous polyurethane suspensions,
emulsions, dispersions, gels etc.) may be employed may be used to prepare hydrophobic and/or
ofeophobic coatings described herein. Some commercially available water-based polyurethane
compostitions include POLANE® 700T and KEM AQUA® (Sherwin-Williams), and Bayhydrol 124
(Bayer Material Science), which may be used alone or in combination.
100049 Polyurethane binders are compatible with, and show good adhesion to, a wide variety of
surfaces. Using polyurethane binders, hydrophobic coatings may be formed on many, tf not most
surfaces including, but not limited to, those of metals, glass, rubber and plastics.

4.1.3 Fluoropolymer Binders
{O0050] In other embodiments, a wide variety of fluoropolymer compositions may be used as
binders 1n the preparation of hydrophobic and/or oleophobic (HP/OP) coatings described herein.
Fluoropolymers are polymers comprising one or more fluorcalkyl groups. in some embodiuments, the
fluoropolymers employed in the durable coatings may be formed from fluoroethylene/vinyl ether
copolymer (FEVE). Fluoropolymers that are hydrophobic as appiied, in the absence of first or second
particies which are described further below, may be employed to prepare the coatings described herein.
Among the commercial fluoropolymers that may be employed to prepare HP/OP coatings are
LUMIFLON® family polymers (Asahi Glass Co., Toyko, Japan).
LHEHIRY Y Fluoropolymers that may be employed as binders typically come as a two or three
component system, as is the case with LUMIF LON® products. For exampie LUMIF LON® LF can be
prepared by mixing 58 parts of LUMIFLON® LF-200, 6.5 parts of DESMODUR® N3300A (Bayer
Maternal Sciences, Leverkusen, Germany} 2.5 parts of catalyst (DABCO T12 (1/10,000 part), DABCO
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(1,4-diazabicyclio[2.2.21octane, 1/10,000 part}, 1 part xylene), with 33 parts xylene. Unless otherwise
noted, references to LUMIFLON®, particularly in the Examples, refer to LUMIFLON® LF.
Fluropolymer coatings such as LUMIFLON® can be applied to a variety of surfaces including wood,
metal, rubber, and plastic.

4.2 First Particles
LHEIRP Embodiments of the coatings disclosed herein may comprise particles that are added to
the binder compositions to improve the mechanical properties of the coating, e.g., the durability of the
hydrophobic and/or oleophobic coatings. A wide variety of such particles, which are denoted herein as
“first particles” because the coatings described herein optionally may have one or more additional types
of particles, also are known as extenders or fillers, may be added to the binders. Such first particles that
may be employed in the HP/OP coatings include, but are not limited to, particles comprising: wood (e.g.,

wood dust), glass, metals {e.g., iron, titanium, nickel, zing, tin), alloys of metals, metal oxides, metalloid

oxides {e.z., stlica), plastics {e.g., thermoplastics), carbides, nitrides, borides, spinels, diamond, and fibers
(e.g., glass fibers).
130053 ] Numerous variables may be considered in the selection of first particles. These variables
include, but are not limited to, the effect the first particles have on the resulting coa‘-‘;ings, their size, thewr
hardness, thewr compatibility with the binder, the resistance of the first particles to the environment in
which the coatings will be emploved, and the environment the first particles must endure in the coating
process, including resistance to temperature and solvent conditions
30054 in embodiments described herein, first particles have an average size in a range selected
from about | micron (um) to about 250 um. Within such broader range, embodiments include ranges of
first particles having an average size of from about | um to about 5 um, from about 5 um to about 10 um,
rom about 10 pum to about 15 um, about 15 um to about 20 wm, from about 20 pum to about 25 um, from
about I um to about 25 um, from about 5 um to about 25 um, from about 25 um to about 50 um, from
about 30 um to about 75 um, from about 75 um to about 100 um, from about 180 um to about 125 um,
from about 125 wm to about 150 um, from about 150 um to about 175 pum, from about 175 um to about
200 um, from about 200 pum to about 225 wm, and from about 225 um to about 250 um. Also included
within the broader range are embodiments employing particles in ranges of from about 10 um to about
100 um, from about 10 um to about 200 um, from about 20 um to about 200 um, from about 30 um to
apout 50 um, from about 30 um to about 100 pum, from about 30 um to about 200 yum, from about 30 um
to about 225 um, from about 50 pum to about 100 um, from about 50 um to about 260 um, from about 75
tim to about 150 um, from about 75 um to about 200 pum, from about 100 um to about 225 um, from
about 100 pum to about 250 um, from about 125 um to about 225 um, from about 125 um to about 250
um, from about 150 um to about 200 um, from about 150 um to about 250 um, from about 175 um to
about 250 pm, and from about 200 um to about 250 um.
HO0055] First particles may be incorporated into binders at various ratios depending on the binder
composition and the first particle’s properties. In some embodiments, the first particles may have a

content range selected from: about [% to about 60% or more by weight. Included within this broad range
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are embodiments in which the hirst particles are present, by weight, m ranges of from about 2% to about
5%, from about 5% to about 10%, from about [ 0% to about 15%, from about 15% to about 20%, from
about 20% to about 25%. from about 25% to about 30%, from about 30% to about 35%, from about 35%

to about 40%, from about 40% 1o about 45%,. from about 45% to about 50%, from about 50% to about

55%, from about 55% to about 60%, and greater than 60%. Also included within this broad range are
embodiments in which the first particles are present, by weight, in ranges of from about 4% to about
30%, from about 5% to about 25%, from about 5% to about 35%, from about 10% to about 25%, from
abouti 0% to about 30%, from about 10% to about 40%, from about 10% to about 45%, from about 15%
{0 about 25%, from about 15% to about 35%, from about 15% to about 45%, from about 20% to about
o, from about 20% to about 35%, from about 20% to about 40%, from about 20% to about 45%, from
about 20% to about 55%, from about 25% to about 40%, from about 25% to about 45%, from about 25%

1o about 55%, from about 30% to about 40%, {rom about 30% to about 45%, from about 30% to about

55%, from about 30% to about 60%, from about 35% to about 45%, from about 35% to about 50%, from

about 35% to about 60%, or from about 40% to about 60% on a weight basis.

{0036] In some embodiments, where the first particles comprise or consist of glass spheres, the
first particlies may be present in any of the foregoing ranges or in a range of from about 1% to about 40%,
from about 3% to about 45%, from about 10% to about 45%, or from about 2% to about 15% on a weight
basis.

{36657 In other embodiments where the first particles are a polyethylene or modified
polyethylene, the particle may be present in a content range selected from any of the foregoing ranges, or
in a range of from about 3% to about 20%, from about 3% to about 15%, or from about 3% to about 10%
on a weight basis.

{000G58] The incorporation of first particles can lead to a surface that is textured due to the
presence of the first particles. In such embodiments, the presence of the first particles results in a surface
texture that has elevations on the level of the coating formed. The height of the elevations due to the
presence of the first particies can be from 0 {(where the first particie is just beiow the line of the binders
surface) to a point where the first particles are almost completely above the level of the binder coating
(although they may still be coated with binder). Thus, the presence of first particles can result in a
textured surface wherein the first particles cause such elevations in the binder that have maximum heights
in a range of up to almost about 250 um. Accordingly, such elevations can be present in ranges of from

about | um to about 5 um, from about | um to about 10 um, from about | um to about 15 um, about |

}--‘

um to about 20 um, from about I um to about 25 um, from about 1 um to about 50 pum, from about | pm
to about 75 um, from about | um to about 100 um, from about 1 um to about 125 um, from about 1 um
to about 150 pum, from about | pm to about 175 um, from about I pm to about 200 um, from about | um
to about 225 um, from about | um to about 250 um, from about 10 wum to about 80 um, from about 15 to
about 80 yum, from about 20 to about 100 um, and from about 30 to about 70 um.

LHEE The surface texture of coatings may also be assessed using the arithmetical mean

roughness (Ra} or the ten point mean roughness (Rz) as a measure of the surface texture. In some
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embodiments, a coating described herein has an arithmetical mean roughness (Ra) in a range selected
from: about 0.2 um to about 20 umy; about 8.3 um to about 18 um; about 0.2 um to about 8 um; about 8
m (o about 20 um; or about 0.5 um to about 15 um. In other embodiments, a coating as described
heremn has a ten point mean roughness (Rz) in a range selected from: about | pm to about 90 um; about 2
pm to about 80 um; about 3 um to about 70 um; about | um to about 40 pm; about 40 ym to about 80
pm; about 10 um to about 65 um; or about 20 um to about 60 um.
{30660 First particles may optionally comprise moieties that make them hydrophobic and/or
oleophobic. Where 1t is desirable to introduce such moieties the particles may be reacted with reagents
that covalently bind moieties that make them hydrophobic and/or oieophobic. in some embodiments, the
reagents may be sianizing agents, such as those that introduce alkyl, haloalkyl, fluoroalkyl or
perfluoroalkyl moieties (functionalities). in some embodiments the silanizing agents are compounds of
formula (I) (i.e., Ry,S1-X,), and the varicus embodiments of compounds of formula (1) described below
for the treatment of second particies. The surface of many types of first particles can be activated to react
with silanizing agents by various treatments including exposure to acids, bases, plasma, and the like,
where necessary to achieve functionalization of the particles.
130061 ] In embodiments described herein, the first particles are not modified by adding
functional groups that impart one or more of hydrophobic and/or oleophobic properties to the particies
(e.g., properties beyond the properties inherent to the compaosition forming the particles). In one such
embodiment, first particles do not contain covalently bound alkyl, haloalkyl, fluoroalky! or
perfluoroalkyl functionalities (moieties). In another such embodiment, the first particles are not treated
with a silanizing agent {e.g., a compound of formuia (1)).

4.3 Exemplary Sources of First Particles
1000G62] First particles may be prepared from the diverse materials described above.
Alternatively, first particles may be purchased from a variety of suppliers. Some commercially available
first particles that may be employed in the formation of the hydrophobic and/or oleophobic (HP/OP)
coatings described heremn include those in the accompanying Table 1.

Table ] First Particles

Parficl . .
Fille Filler Filler Filler | Density | eSize | Color | Crush | Soure | Location
3 i Type Detaiis {g/cch Range Stren | e
No. (m) - gth
(pst) |
K ] Glass GPS© 0.125 30-120 | White | 25¢ | 3M™ | St Paul,
Bubbles ¢ 4 R MN
2 | K15 Glass - GPS© 0.15 30-115 | White | 306 | 3M™ | St Paul,
Bubbles | | _, MIN
3 | SI5 Glass - GPS” | 0.15 25-95 | White | 300 | 3M™ | St. Paul,
Bubbles . | MN
4 | 822 Glass - GPSY 022 20-75 | White | 400 | 3M™ | St. Paul,
_________ Bubbies | MN
5 | K20 Glass L GPST 02 20-125 | White | 500 | 3M™ | St. Paul,
| Bubbles | , MN
5 | K25 - Glass - GPS? | 0.25 25-105 | White | 750 | 3M™ | St. Paul,
Bubbles | —— MN
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7 1832 ' Glass GPS® | 0.32 20-80 | White | 2000 | 3M™ | St. Paul,
|  Bubbles | b - MN
§ | S35 | Glass GPS® | 0.35 10-85 | White | 3000 | 3M™ | St. Paul,
| Bubbles _MN
g | K37 | Glass I GPS® | 0.37 20-85 | White | 3000 | 3M™ | St Paul,
| | Bubbles | . .r MN
10 | $38 Glass GPS” 0.38 5-85 | White | 4000 | 3MT™ | St Paul,
_____ Bubbles 1 q VIN
11 S38HS Glass GPS” 0.38 5-85 | White | 5500 IMTM St Paul,
| ' Bubbles o - MN
12 | K46 ' Glass GPS* 0.46 15-80 | White | 6000 | 3M™ | St. Paul,
| | Bubbles | - MIN
13| S6D - Glass GPS” | 0.6 15-65 | White | 10000 | 3M™ | St. Paul,
__________________ . Bubbles | MN
14 | S60/HS - Glass - GPS” 0.6 11-60 | White | 18000 | 3M™ | St. Paul,
 Bubbles T T e | MN )
15 A16/500 - Glass Floated | 0.16 35-135 | White | 500 | 3M™ | St. Paul,
. Bubbles  Series I MN
16 A20/1600 | Glass ' Floated | 0.2 30-120 | White | 10600 | 3M™ | 5t Paul
] | Bubbles | Series MN
17| H20/1000 Glass Floated | 0.2 25-110 | White | 1000 | 3M™ | St. Paul,
Bubbles Series | | | | ﬂ. MN
18 1 D32/4500 (Glass Floated | 0.32 2(-85 White | 4500 | 3M™ | 5t Paul, |
- Bubbles - Series MN |
19 | HS0/10000 | Glass " Floated | 0.5 20-60 | White | 10000 | 3M™ | St. Paul, |
EPX Bubbles | Series - MN
20 | iMK | Glass ' Floated | 0.6 8.6- White | 28000 | 3M™ | St. Paul,
_ Bubbles || Series 26.7 - MN
21 | G-3125 | Z-Light cMm® 0.7 50-125 | Gray | 2000 | 3MT™ | St. Paul,
| Spheres™ | MN
22 | G-3150 - Z-Light CM” 0.7 §5-145 | Gray | 2000 | 3M™ | St. Paul,
 Spheres™ | MN
23 1 G-3500 | Z-Light CM’ 0.7 55-220 | Gray | 2000 | 3M™ | St. Paul,
o . Spheres™ i - MN
24 | G-600 | Zeeo- CM” 2.3 [-40 {ray >6000 | 3M™ | St Paul,
spheres™ ¢+ | +O __________________________________ ~MN
25 | G-800 Zeeo- CM’ 2.2 2-200 | Gray | >6000 | 3M™ | St Paui,
spheres™ 0 MN -
26 (3-850 eeo- CM? 2.} 12-2G0 | Gray >6000 | 3MT™ | St Paul,
rSp heres™ | 0 MN
27 | W-610 Zeeo- CM° 2.4 -4 White | >6000 | 3M™ | St. Paul,
| spheres™ | ey PMIN
28 | SG ,Extendo- HS* 0.72 30-140 | Gray | 2500 | Spher | Chaitano
- sphere™ e One | oga, TN |
29 1 DSG | Extendo- HS* 0.72 30-140 | Gray | 2500 | Spher | Chattano |
sphere™ | L e One | oga, TN
30 | SGT Extendo- HS 0.72 30-160 | Gray | 2500 | Spher | Chattano
spheregt™~ | 4 | 1 e One | oga. TN |
31 | TG Extendo- HS* 0.72 8-75 Gray | 2500 | Spher | Chattano |
sphere™™ | eOne | oga, TN |
32 | SLG Extendo- HS* 0.7 10-149 | Off 3000 | Spher Chatiano
| sphere™ | White e One | oga, I'N
33 | SLT Extendo- HS" 0.4 10-90 | Off 3000 | Spher | Chattano
sphere™ | | I White . 1eOne | oga IN
34 | SL-130 Extendo- HS* 0.62 70 Cream | 30060 | Spher | Chattano |
sphere™ e One | oga, TN
35 | SLW-150 Extendo- HS* - 0.68 8-80 White | 3000 | Spher (,hattm
_____________________________________________________ sphere™ | el €One |oga, TN
36 HAT Extendo- HS" 50368 10~165 | Gray 2500 Spher Chattaro |
sphere '™ e One | oga, TN
37 | HT-150 Extendo- | HS® | 0.68 8-85 Gray | 3000 | Spher | Chanano
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e - _isphere™ | | L e [ eOne | oga, TN
38 | KLS-90 - Extendo- | HSS (.56 4-05 Light | 1200 | Spher | Chattano
| sphere™ | Gray eOne | oga, TN
39 | KLS5-125 - Extendo- HS" - 0.56 4-55  Light | 1200 | Spher | Chattano
o sphere™ | i{Gray |  |eOne | oga, TN
40 | KLS-150 - Extendo- HS" (.56 4-55 Light | 1200 Spher | Chattano
I | sphere™ | e Gray | e One | oga, TN
41 | KLS-300 Extendo- HS* - 0.56 4-55 Light | 1200 | Spher | Chattano
| sphere™ (sray 1 e One oga, TN |
42 | HA-300 Extendo- HS° - 0.68 10-146 | Gray | 2500 | Spher | Chattano
- sphere™ | ¢ One ng,a, TN
43 | XIOM S12 | Thermo- MPRY | 096 | 10-100 | White | 508 XIOM | West
piastic Corp. | Babylon,
44 | XIOM §12 | Thermo- MPR® 1096 | 10-100 | Black | 508 | XIOM & West |
plastic Corp. | Babylon, |
Ny
45 | CORVEL™ Nylon | 1.09 | 44-74 | ROH | Philadelp
' Black 78- Thermo- Powder Black M & hia, PA |
(700t | plastic | Coating | L o | HASS
46 | Microglass Fibers MMEG | 1.05 - 16X 120 | White Fibert | Bridgew |
3082 F | : ' |ec | ater, MA
47 | Microglass Fibers MMEG | 0.53  10X150 | White | Fibert | Bridgew
90070 Stlane- e 5 i eC ater, MA
Treated ; ’

4.4 Second Particles
{30063]

nanoparticies), including those which bear hydrophobic moieties. A variety of second particles can be

Embodiments of the coatings disclosed herein also may employ second particies (e.g.,

used to prepare the hydrophobic coatings applied to the plungers described herein. Suitable second
articles have a size fr bout | nan er (nm) to about 25 pum and ¢ vable of binding covalently

particies have a size from about | nano meter {(nm) to about 25 um and are capable of binding covalently

to one or more chemical moieties{ groups or components) that provide the second particles, and the

coatings info which they are incorporated, hydrophobicity, and when selected to include fluoroalky!

groups, oleophobicity.

{0364 ]

from about | nm fo up to about 25 um or more. Included within this broad range are embodiments in

In some embodiments the second particles may have an average size in a range selected

which the second particies have an average size in a range of from about | nm to about 10 nm, from
about 10 nm to about 25 nm, from about 25 nm to about 50 nm, from about 50 nm to about 100 nm, trom
about 100 nm to about 25C nm, from about 250 nm to about 500 nm, from about 500 nm to about 750
nm, from about 750 nm to about 1 um, from about 1 pum to about 5 yum, from about 5 um to about 10 yum,
from about 10 yum to about 15 um, from about 15 um to about 20 um, from about 20 pum to about 25 pum,
from | nm to about 100 nm, from about 2 nm to about 200 nm, from about 10 nm to about 200 nm, from
about 20 nm to about 460 nm, from about 10 nm toc about 500 nm; from about 40 nm to about 800 nm,
from about 100 nm to about | um, from about 200 nm to about 1.5 um, from about 500 nm to about 2
iwm, from about 500 nm to about 2.5 um, from about 1.0 um to about 10 um, from about 2.0 pm to about
20 pum, from about 2.5 um to about 25 pm, from about 560 nm to about 25 ym, from about 400 nm to

about 20 um, and from about 100 nm to about 15 pum, from about | nm to about 50 nm, from about | nm
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to about 400 nm, from about | nm to about 500 nm, from about Z nm 1o about 120 nm, from about 5 nm
to about 100 nm, from about 5 nm to about 200 nm; from about 5 nm to about 400 nm; about 10 nm t©
about 300 nm; or about 20 nm 1o about 400 nm..

[ 30065] In the above-mentioned embodiments, the fower size of second particles may be limited
to particies greater than about 20 nm, about 25 nm, about 30 nm, about 35 nm, about 40 nm, about 45
nm, about 50 nm, or about 60 nm; and the upper size of second particles may be limited to particles iess
than about 20 um, about 10 pm, about 5 um, about | um, about 0.8 um, about 0.6 um, about 0.5 pum,
about 0.4 pum, about 0.3 um or about 0.2 wm. Limitations on the upper and lower size of second particles
may be used alone or in combination with any of the above-reciied size limits on particle composition,
percent composition in the coatings, etc.

{30066 in some embodiments, the coatings may contain first particles in any of the above-

mentioned ranges subject to either the proviso that the coatings do not contain only particles (e.g., first or

a%

second particies) with a size of 25 um or less, or the proviso that the coatings do not contain more than an

t

insubstantial amount of particies with a size of 25 pm or less {recognizing that separation processes for
particles of size that is greater than 25 pm may ultimately provide an unintended, mnsubstantial amount of
particies that are 25 um or iess).

{0067 In other embodiments, first particies have an average size greater than 30 um and less
than 250 ym, and do not contain substantial amounts of particies {e.g., first and second particles) with a
size of 30 um or less. In yet other embodiments, the coatings do not contain only particles {e.g., first and

econd particles) with a size of 40 pum or less, or particles with a size of 40 um or less in substantial

iy

Y

amounts, And in still other embodiments, the coatings do not contain only particies (e.g., first and
second particles) with a size of 5O um or less, or particles with a size of 50 yum or less in substantial
amounts.

[30068] in other one embodiments, such as where the second particles are prepared by fuming
(e.g., fumed silica or fumed zinc oxide), the second particles may have an average size in a range selected
from about 1 nm to about 50 nm: about 1 nm to about 100 nm; about I nm to about 400 nm; about | nm
to about 500 nm; about 2 nm to about 120 nm; about 5 nm to about 100 nm; about 5 nm {0 about 200 nm;
about 5 nm to about 400 nm; about 10 nm to about 300 nm: or about 20 nm to about 400 nm.

100069 Second particles having a wide variety of compositions may be employed in the durable
coatings described and emploved herein. In some embodiments the second particles will be particies
comprisimng metal oxides {e.g., alummum oxides such as alumina, zinc oxides, nicke! oxides, zircontum
oxides, iron oxides, or titanium dioxides), or oxides of metalloids {e.g., oxides of B, Si, Sb, Te and Ge)
such as a glass, stlicates {e.g., tumed silica}, or particles comprising combinations thereof. The particles
are treated o mntroduce one or more moieties {e.g., groups or components) that impart hydrophobicity
and/or oleophobicity 1o the particles, either prior to incorporation into the compositions that will be used
to apply coatings or after incorporation into the coatings. In some embodiments, the second particles are
treated with a silamizing agent, a stloxane or a silazane to ncorporate groups that will provide

hydrophobic and/or oleophobic properties to the particles (in addition to any such properties already
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possessed by the particles). When treated after incorporation into the coatings, only those particles at or
near the surface that can be contacted with suitable agents such as silanizing agents will have moieties
that impart hydrophobicity and/or cleophobicity associated with them.

{BBG70] In some embodiments, second particles are stlica (silicates), alumina (e g, ALO;),
titanium oxide, or zine oxide, that are optionally treated with a silanizing agent.

100071} In embodiments, the second particles are silica (silicates), glass, alumina (e.g., ALO;), a
titanium oxide, or zinc oxide, which optionally may be treated with a silanizing agent, a siloxane or a
silazane. In some embodiments, the second particies may be prepared by fuming {e.g., tumed stlica or

fumed zinc oxide).
4.5 Some Sources of Second Particles

j00072] Second particles such as fumed silica may be purchased from a variety of suppliers,

inchuding but not limited to Cabot Corp., Billerica, MA (e.g., Nanogel TLD201, CAB-O-SIL® T§-720,

and M5 (untreated silica}) and bvonik Industries, Essen, Germany (e.g., ACEMATT® silica such as
untreated HK400, AEROXIDE® T:i0, titanium dioxide, and AEROXIDE® Alu alumimna).
{30073 Some commercially available second particles are set forth in Scheme .

Scheme |

, Nominal BET Surface |

CAB-O-SiL Grade Surface Treatment Level of Treatment Area of Base Silica

S (m”/g)

V-5 - None None 200 ’
15-610 Dimetnyldichlorosilane™ | Intermediate 130
T5-530 Hexamethyldisilazane” | High 320
15-382 Octytr?me_‘ghoxysiianeb yHigh 200
15-720 Polydimeth g@_gij_i_gg__a__qg? ______ High | 200

“Data from Cabot Corp. website.

Dimethyldichlorosilane Hexametnyldisiiazane

E -1
a

A~ N

Cl—& s sil
® |
Polydimethyisiloxane Octyltrimethoxysiliane
-.,%\ , EJO\ 3/ WO\
SiT TS S SN
N o
N (O

As purchased, the second particles may be untreated (e.g., M5 silica) and may not posses any HP/OF
properties. Such untreated particies can be treated to covalently attach one or more groups or moieties o
the particles that give them HP/OP properties, for example, by treatment with the silanizing agents

discussed above.
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3.0 HYDROPHOBIC AND OLEOPHOBIC MOIETIES OF FIRST AND/OR SECOND
PARTICLES
160074] As discussed above, both the first and second particles may comprise one or more

independently selected moieties that impart hydrophobic and/or oleophobic properties to the
particles, and the coatings into which they are incorporated. As also noted above, such chemical
entities may be inherently associated with the particles themselves and/or added by way of
treating the particles. Although first particles may be treated to make them hydrophobic and/or
oleophobic either before or afier incorporation into the coating compositions described herein,
the second particies typically will be treated with agents that introduce such moieties before
being mcorporated into the coatings described herein. It 1s also possible to treat the coating after
it 1s applied to a surface with agents that modity the second particles and introduce hydrophobic
and/or oleophobic properties. In such circumstances, other components of the coating {e.g., the
binder or first particles) may also become modified by the agent.
{06375 In some embodiments, the second particles will bear one or more alkyl, haloaikyl,
fluoroalkyl, and perfluorcalkyl moieties. Such moieties can be covalently bound directly or
indirectly bound to the second particle, such as through one or more intervening silicon or
oxXygen atoms.
H00076] In other embodiments, the second particles will bear one or more alkyl, haloalkyl,
fluoroalkyl, and perfluoroalkyl moieties of the formula R4 ,Si-, where n 1s from 1-3, that are
directly or indirectly {(e.g., covalently bound) to the second particle, such as through one or more
intervening atoms.

3.1 Silanizing Agents and their Use
1000771 A variety of silanizing agents (e.g., compounds of the formula R4, Si-X,) can be
emploved to introduce moieties, e g, R3.,51- groups (where n is an integer from 0 to 2}, to the first or
second particles prior to or subsequent to their introduction into the coatings described herein. Suitable
silanizing agents typically have both leaving groups and terminal functionahties. Terminal
functionalities are groups that are not displaced by reaction of a silanizing agent with silica second
particles {e.g., R groups of compounds of the formuia (I}). Leaving groups are those groups that are
dispiaced from silanizing agents upon reaction to form bonds with the second particies.
100078] Prior to reacting first or second particles with silanizing agents, the particles may be
treated with an agent that will increase the number of sites available for reaction with the silanizing agent
(e.g., SICl; Si{OMe)y, Si{OEL),, SiCliCH,, SiCLCH,SICl, SiICLCH,CH,SICH, SH{OMe);CHSi{OMe)s,
Si{OMe):CH,CH, Si{OMe)s, SI{OE),CH,SH{OE,, or S{OEN,CH,CH, Si{OEt); and the like).
Treatment with such agents i1s conducted, e.g., with a 1% to 5% solution of the agent in 4 suitable solvent
(e.g., hexane), although higher concentrations may be employed (e.g., about 5% to about 10%). Where
agents such as Si1Cly or S {OMe), are emploved to increase the number of sites avaiiable for reaction with

silanizing agents, the surface may first be treated with S1Cl, followed by reaction with water to replace
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the chlorines with OH groups that react effectively with silanizing agents such as those of formuia (1),
Reaction with stlanizing agents 1s typically conducted using a stlanizing agent at in the range of about 1%
tc about 2% w/v, although concentrations in the range of about 2% to about 5% w/v may also be used.
Depending on the reagents employed, the reaction, which often can be conducted at room temperature, is
typically conducted for | hour to 6 hours, although reaction for as long as 24 hours may be desirable n
some instances. Skilled artisans will appreciate that concentrations and reaction times and conditions

other than those described above also might be able to be used.

130079 In some embodiments, silanizing agents are compounds of the formulia (I):
Ré-rs.Si“Xn (D

where n 1s an integer from [-3;

each R 1s independently selected from
(1) alkyl or cycloalkyl group optionally substituted with one or more fluorine atoms,
{11} ;020 alkyl optionally substituted with one or more independently selected
substituents selected from fluorine atoms and (4.4 aryl groups, which aryl groups are
optionally substituted with one or more independently selected halo, C; 10 alkyl, T 510
hafoalkvi, C; 10 alkoxy, or Ci 10 haloalkoxy substituents,
(1) Csi020 alkyl ether optionally substituted with one or more substituents independently
selected from fluorine and Cq, 14 aryl groups, which aryl groups are optionally substituted
with one or more independently selected halo, C; 10 alkyl, C; ¢ 10 haloalkyl, C; ¢ 10 alkoxy,
or Cy 10 haloalkoxy substituents,
{(1v) Cs 14 aryl, optionally substituted with one or more substituents independently selected
from halo or alkoxy, and haloaikoxy substituents;
(v} Cy1020 alkenvyl or Cy 20 alkynyl, optionally substituted with one or more substituents
independently selected from halo, alkoxy, or haloalkoxy; and
(Vi) —Z-((CFa)(CE4})),, wherein Z 15 a Cy 1, divalent alkane radical or a C,.y divalent
alkene or alkkyne radical, g i1s an integer from | to 12, and r 1s an nteger from 1-4;

each X is an independently selected -H, -Cl, -1, -Br, -OH, -OR?, -NHR’, or -N{R’), group;

each R” is an independently selected C, 4 alky! or haloalkyl group; and

each R is independently an independently selected H, C; , 4 atkyl, or haloalky] group.

300801 [n some embodiments, R is an alkyl or fluoroalky! group having from 6 to 20 carbon
atoms.

13003811 in other embodiments, R is an alky!l or fluoroalkyi group having from 8 to 20 carbon
atoms.

{00821 In other embodiments, R is an alky! or flucroalky! group having from 10 to 20 carbon
atoms.

100083 In other embodiments, R is an alkyl or fluoroalkyl group having from 6 to 20 carbon

atoms and n is 3.
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{00084 In other embodiments, R is an alkyl or flucroalkyl group having from 8 to 20 carbon
atoms and n is 3.

{BGU85] In other embodiments, R is an alky! or fluoroalkyl group having from 10 to 20 carbon
atoms and n is 3.

100086} In other embodiments, R has the form —Z-((CF»)(CF3}}),, wherein Z is a C, o 12 divalent

(D

alkane radical or a C, , 17 divalent alkene or alkyne radical, ¢ s an integer from 1 to 12, and r 15 an
integer from | to 4.

{00087} In any of the previously mentioned embodiments of compounds of formula (1), the value
of n may be varied such that 1, 2 or 3 independently seiected terminal functionalities are present in
compounds of formula (I}. Thus, in some embodiments, n 18 3. In other embodiments, n 18 2, and in still
other embodiments, n is 1.

G008 In any of the previously mentioned embodiments of compounds of formula (1), all
halogen atoms present in any one or more R groups may be fluorine.

HO(089] In any of the previously mentioned embodiments of compounds of formula (I}, X may be
independently selected from H, Cl, OR*, -NHR’, ~N(R3)2, or combinations thereot. In other
embodiments, X may be selected from Ci, -OR?, -NHR’ .-N(RB)}, or combinations thereof, In still other
embodiments, X may be selected from, -Cl, -NHR’, -N{R’}, or combinations thereof.

100090 Any coating described herein may be prepared with one, two, three, four or more
compounds of formuia (1) employed alone or in combination to modity the first or second particles,
and/or other components of the coating. For example, the same or different compounds of formula (1)
may be employed to modify both the first particies and the binder.

{03091 ] The use of silanizing agents of formula (1) to modify first or second particles, or any of
the other components of the coatings, will introduce one or more R, X 51~ groups (e.g., RiS1- Ry X S1- or
RX,S1- groups) where R and X are as defined for a compound of formula (1). The valueofnis 0, 1, or 2,
due to the displacement of at least one "X" substituent and formation of at least one bond between a
particie and the St atom {(the bond between the particle and the silicon atom is indicated by a dash “-”
(e.g., RiSi- RaX,Si- or RX,S1- groups).

130092} Exemplary reagents that can be employed to prepare first or second particies with
hydrophobic and/or oleophobic properties include silanizing agents such as those that are commercially
avatlable from Gelest, inc., Morrisville, PA. Such silanizing agents inciude, but are not limited to, the
following compounds, which are identified by their chemical name followed by the commercial supplier
reference number {e.g., thewr Gelest reference in parentheses): (tridecafiuoro-1,1,2,2-
tetrahydrooctyhsilane (SIT8173.0); (tridecafluoro-1,1,2,2-tetrahydrooctyiitrichiorosiiane (SIT8174.0);
{tridecafluoro-1,1,2,2-tetrahydrooctyltriethoxysilane (SIT8175.0); (tridecafluore-1,1,2,2-
tetrahvdrooctyhitrimethoxysilane (SIT8176.0); (heptadecatiuoro-1,1,2,2-
tetrahydrodecyl)dimethyl{dimethylamino)silane (SIHS5840.5); (heptadecafiuorc-1,1,2,2-
tetrahydrodecyljtris{dimethylamino)silane (SIH3841.7); n-octadecyitrimethoxysilane (SI06645.0); n-

octyltriethoxysilane {(SI06715.0); and nonafluorchexyldimethyl{dimethylamino)silane (SIN6597.4).
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1 B0093] Two attributes of silanizing agents that may be considered for the purposes of their
reaction with first or second particies and the introduction of hydrophobic or oleophobic moieties are the
ieaving group (e.g., X groups of compounds of the formula (1)) and the terminal functionality (e.g., R
groups of compounds of the formula (I)). A silanizing agent's leaving group(s) can determine the
reactivity of the agent with the first or second particle(s) or other components of the coating, Where the
first or second particies are a sulicate {e.g., fumed silica) the leaving group can be displaced to form 51-O-
St bonds. Leaving group effectiveness is ranked in the decreasing order as chioro > methoxy > hydro (H)
> ethoxy {measured as trichloro > trimethoxy > trihydro > triethoxy}. This ranking of the leaving groups
is consistent with their bond dissociation energy. The terminal functionality determines the level of
hydrophobicity that results from application of the silane to the surface.
{30094 In addition to the silanizing agenis recited above, a variety of other silanizing agents can
be used to alter the properties of first or second particies and to provide hydrophobic and/or oleophaobic
properties. In some embodiments, second particles may be treated with an agent seiected from
dimethyldichlorosilane, hexamethyldisiiazane, octyltrimethoxysilane, polydimethyisiloxane, or
tridecafiuoro-1,1,2,2-tetrahydroocty! trichiorosilane. In such embodiments, the second particles may be
silica. Silica second particles treated with such agents may have an average size in a range selected from:
about | nm to about 50 nm, from about 1 nm to about 180 nm, from about | nm to about 460 nm, from
about | nm to about 500 nm, from about 2 nm to about 120 n, from about 5 nm to about {50 nm, from
about 5 nm to about 400 nm, from about 10 nm to about 300 nm, from about 20 nm to about 400 nm, or
from about 5U nm to about 250 nm.
LO0095] In addition to the silanizing agents recited above, which can be used to modify any one
or more components of coatings (e.g., first and/or second particles), other agents can be employed
including, but not limited to, one or more of: gamma-aminopropyltriethoxysilane, Dynasylan® A
(tetraethylorthosilicate), hexamethyidisilazane, and Dyﬁasy}an@’ F 8263 (fiuoroalkyisilane), any one or
more of which may be used alone or in combination with the silanizing agent recited herem.
3.2 Use of Compounds Other Than Silanizing Agents

{30096 Other agents also can be used to introduce hydrophobic and/or oleophobic moieties into
second particles. The choice of such agents will depend on the functionalities avatlable for forming
chemical {covalent) hinkages between hydrophobic/olecphobic moieties and the functional groups present
on the second particles surface. For example, where second particle surfaces have, or can be modified 1o
have, hydroxyl or amino groups, then acid anhydrides and acid chiorides of alkyi, fluorcalkyl, and
perfiuoroatkyl compounds may be employed (e.g., the acid chlonides: CI-C{O}CH.,)4,, 1sCH;; Ci-
COOWCH ) 400(CF 0 6 14CFr  CI-C(O)CF3 )y 0 15CF; or the anhydrides of those acids).

3.3 Preparation of Plungers with Hydrophobic and Oleophobic Coatings.

100GS7] As noted above, it addition to the hydrophobicity displaved against aqueous-based

.'3'

coatings described herein also have the ability to display

Na”

oiutions, suspensions, and emulsions, the

b

oleophobic behavior, thereby further reducing the ability of materials destined {or the sewer to attach to

¢ exhibited by embodiments described herein,

the surface of coated plungers. Oleophobicity wi
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particularly when the coatings comprise fluorinated or perfluorinated alkyl groups bound to first or
second particles {e.g., where the terminal functionality, that 1s the R group{s) of a silane of the formula

Ra.,S1-X,, are tluorinated alkyl or perfluoroalkyl).
6.0 METHODS OF APPLYING HYDROPHOBIC AND OLEOPHOBIC COATINGS

6.1 Portion of the Plunger Coated
{0098 All or only a portion of the cup and/or handle may be coated with a hydrophobic coating
according to this disclosure. As the cup is the portion of the plunger with the most surface area that
contacts standing water and other materials that are to enter sewage lines, in some embodiments the cup
1s the only portion of the plunger that is coated with a hydrophobic coating. Likewise, as only a part of
the handle 1s typically immersed in water during the unclogging operation, in other embodiments only the
cup and the part of the handle closest to the cup are treated to provide them with a hydrophobic surface
(e.g., by coating them}. In some embodiments, less than one-half of the handle's length will be treated,
and in other embodiments greater than one-half of the handle wiil be treated. In yet other embodiments,
the entire plunger (the cup and handle) is treated/coated so that the surface of the plunger is hydrophobic.
The application of hydrophobic coatings to household and industrial plungers are itlustrated in Figs. 3-6.

6.2 Application of Coatings by One-Step and Two-Step Processes
100099 The hydrophobic coatings described herein may be applied to substrates {e.g., the surface
of one or more parts of a plunger) using a variety of techniques, some of which can be grouped into one-
step process and two-step processes. Within each of those categories numerous variations may be
employed.
0000 In one-step embodiments, the coating composition is substantially applied in a single
step to the surfaces of an object (e.g., a plunger) on which a hydrophobic surface is desired, although
coatings apphied by a one step method may subsequently be treated in one or more steps with one or
more agents {0 increase the hydrophobicity of the coating or to effect some other modification of the
properties of the hydrophobic coating or plunger. Exemplary coating compaosttions that can be applied in
one step comprise a binder and at ieast one type of first particie and at least one type of second particie
bearing a hydrophobic motety. In some such embodiments, the coating may be treated with an agent that
comprises a silanizing agent (e.g., compositions comprising a compound of formula (1)). In other
embodiments, coating hydrophobic compositions that comprise a binder and a first particle may be
applied in a single step and subsequently treated by an agent comprising second particies according to
this disclosure that, for example, bear hydrophobic and/or oleophobic chemical moieties such as
fluoroalky! groups.
000101 in one embodiment, a one-step method of applying a coating to a substrate comprises
applying a coating composition comprising: i) a binder; 11} first particles having a size of about 30 um to
about 225 um; and 111} second particles having a size of about | nm to about 25 um bearing a
hydrophobic moieties. Optionally, one or more independently selected alkyl, haloalkyl, or perfluoroalky]

groups may be covalently bound, either directly or indirectly, to the second particles prior to their
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tncorporation into the coating compaosition. One-step coating compositions may be diluted with any
compatible solvents/liquids to assist in the application process.
G102 In two-step methods, the coating composition is applied to a surface in two steps that
comprise, respectively, the application of a first composition followed by the application of a second
composition. In embodiments of a two-step method, the first composition comprises a binder and at least
one type of first particies, and does not contain second particies that bear hydrophobic moieties, Once
applied to the substrate, the first coating composition is termed a “substrate coating” or a “base
coat(ing).” Following the application of the first coating composition, a second composition that s
sometimes referred to as a "second coai{ing)" or "top coat{ing)" 1s applied to the base coating. The
second composition comprises second particles bearing hydrophobic moieties {e.g., alkyl or fluoroalkyl
groups such as those introduced by reacting second particles with siianizing agents such as those of
formula (1)).
{06103 in another embodiment a two-step method of forming a coating on at least a portion of a
surface comprises: 1) applying a composition comprising a binder to said surface, and 11) applying to said
binder on said surface second particles having a size of about I nm to about 25 wm, wheremn said second
particies comprise one or more independently selected hydrophobic or oleophobic moieties; and wherein
said applying to said comprises spray coating said second particles using a stream of gas (the second
particles typically comprise less than about 2% by weight of a VOC {e.g., a volatile solvent with a
boiling point below 150° or 200° C at 1 atmosphere such as hexane, ethanol, and the like). In one

e

variation of that method the composition comprising a binder further comprises first particies, In suc

)
odan

embodiment the first particles may have a size of about | ym to about 100 um or of about 36 wm to about
225 um (either average diameter or mimimum diameter in any dimension). First particles, and their
dimensions, are described elsewhere 1n this disclosure.

1000104 Second particle

may be applied either as a suspension in a suitable solvent that is compatibie with the binder system {¢.g.,

applied as part of the second coating composition in a two-step method

nexane, xyiene, and ethanol) or without a solvent using a spray gun {air spray gun) supplied with a
suitable supply of compressed air, nitrogen, or other compressed gas {e.g., a Binks Model 2001or 2001V

spray gun air spray gun; Binks, Inc., Glendale Heights, IL, supplied with air at about 50 pst may be

employed).
{3061053 In some embodiments a two-step method of applying a coating to a substrate comprises:
a) applying to the substrate a coating composition comprising 1) a binder and 11) first
particles having a size of about 30 um to about 225 um, to provide a base coating; and
b} applying to this base coating a composition containing second particles having a size
of about 1 nm to about 25 um.
1306106] The composition may also contain any necessary solvents/hiquids to assist in the

application process.
[306107] In one embodiment, the present specification includes and provides for a method of

forming a hydrophobic coating on at least a portion of a surface comprising: 1) applying a composition
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comprising a binder on said surface and 11} applying to said binder on satd surface second particles a
having a size of about 1 nm to 25 uwm wherein said second particles comprising one or more
independently selected hydrophobic or oleophobic moieties; wherein said applying to said binder
comprises spray coating of said second particles using a strearn ot gas; and wherein said second particles
comprise less than 2% by weight of a solvent.

{GO010K] In another embodiment, the present specification includes and provides for a method of
forming a bydrophobic coating on at least a portion of a surface comprising: 1) applying a composition
comprising a binder and first particies on said surface and 11) applying to said binder and first particies on
said surface second particles a having a size of about | nm to 25 um, wheremn said second particles
comprising one or more independently selected hydrophobic or oleophobic moieties; wherein said
applying to said binder and first particles comprises spray coating of said second particles using a stream
of gas; and wherein said second particles comprise less than 2% by weight of a solvent.

{30031 09] In one-step or two-step processes, the coatings may be applied using high or low VOC
compositions (e.g., water-based or agueous binder compositions eic. ). Where two step processes are
used, either the first step of applying the base coat, the second step of applying a composition comprising
second particles, or both steps may employ low VOUC compositions. Where high VOC compositions are
employed to for hydrophobic/oleophobic surfaces, it can be advantageous to employ equipment that can
capture the volatile solvents and reuse or recycle them.

(000110 Coatings applied by a one-step or two-step methods may subsequently be treated with
cOmpoOsItIonS comprising one or more agents to increase the hydrophobicity of the coating. In one
ermmbodiment, the agent 1S a silanizing agent {e.g., the compositions comprising a compound of formula
(I)}. In another embodiment, the coating resulting from a one-step process can be treated with a
composition comprising second particles that have been treated so that they bear hydrophobic moieties
{e.g., hydrophobic moieties or groups such as fluorcalkyl groups or dimethylstloxanes). Where the
coatings applied in one-step or two-step processes have not dried to the point that second particles can be
incorporated, subsequent applications of second particles may be applied esther in a binder compatible
solvent, or with an air gun in the absence of a solvent as with the second step of a two-step process
described above. In contrast, where coatings resulting from one-step or two-step process have already
dried to the point where second particles cannot be incorporated into the coating in any significant
amount {e.g., an amount capable of altering the hydrophobicity of the coatings), second particies are
oenerally applied in binder compatible solvents.

(066111 Coatings may be applied to substrates, or base coatings previously applied to substrates,
by any method known in the art, including but not limited to: brushing, painting, dipping, spin coating,

spraying, or electrostatic sprayin
6.3 Surface Preparation
(600112} To provide good adhesion of coatings (e.g., the base coat of a two-step coating) to a

surface {e.g., the cup and handle parts of the plunger), the surfaces may be abraded to create some degree
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of surface roughness. For plungers, the surface roughness of the cup and handle can be created by
methods mcluding: (1) scutling with an abrasive pad {(e.g., Scotch-Brite™ pads), (2} fine sandblasting,
(3) tumble blasting with small steel balis, and (4) coarse sandblasting. The surface roughness produced
by different methods can be compared with the starting surface roughness. The surface roughness
measured using a Mahr Pocket Surf PS1 (Mahr Federal Inc., Providence, R1.} can be expressed using a
variety of mathematical expressions including, but not limited to, the arithmetical mean roughness {(Ra)
and ten-point mean roughness (Rz), which are described in Scheme Il below,

G001 3] Scuffing with abrasive materials such as Scotch-Brite' " pads increases the roughness
values of plastics, such as those used in piunger bandles, from an Ra of about (.2-0.3 um to about 0.7-0.9
um and the Rz from about 1.4 to about 7 um. Sandblasting plastics with coarse sand produces a very
rough surface where the Ra increases substantially into the range of about 5 to about 6 um and the Rz
increases to the range of about 30 {0 about 37 um.

{G00114] The surface of flexible materials, such as the cup of the plunger, can also be abraded 1o
improve the adherence of the hydrophobic coatings. Scuffing with abrasive materials (e.g. Scotch-
Brite™ pads} can increase the Ra of flexible materials such as rubber from the range of about 0.2 to
about .35 wm to the range of about 0.4 to about 0.5 pm and the Rz from about 2 um to the range of
about 3 to about 4 um. Fine sandblasting of flexible matenials, such as rubber, increases the Ra into the
range from about 0.60 to about 0.75 pm and the Rz from about 2 um to the range from about 6 to about 7
wim. Tumbling with small steel balls can increase the Ra from about 0.28 to the range of about 0.3 {o
about 0.4 pm and the Rz from about 2.043 to about 3.28 um. Coarse sandblasting increases the Ra from
0.3 to the range of about 5 to about 6 um and the Rz 1o the range of about 30 to about 35 um.

00115 The adhesion of the base coat to the plunger cup and handle is increased by any level of
roughening. However, the surface roughness produced by coarse sandblasting with Ra values of about
5.662 um for the handie and about 5.508 pum for the cup or corresponding Rz values of about 33.05 and
about 33.150 pum for the handle and cup, respectively, are considered too excessive, and they result in a
less pleasing surface finish. Thus, surface roughening may be accomplished by a variety of techniques
mciuding, but not fimited to: abrading with abrasive cloths or papers (e.g., scuffing with sandpaper or a
Scotch-Brite™ pad), sandblasting with fine sand, sand blasting with coarse sand (10-20 mesh}, or
tumbling with small metal (e.g., steel) balls, fine sand (20-50 mesh}, and fine alumina or other metal

oxide or metalioid oxide powders.
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7.0 CERTAIN EMBODIMENTS

13001167 Embodiment 1. A plunger for clearing clogged plumbing, having a handle and a resilient
collapsible cup comprising an outer surface and an mner surface, said outer and inner surface meeting at
a rim, and said handie aftaching to said outer surface, wherein said cup is coated with a hydrophobic

coating, and wherein at least a portion of said handle is optionally coated with a hydrophobic coating.

P - - -

100117 Embodiment 2. The plunger of embodiment 1, wherein said hydrophobic coating

COMprises:

1) a binder; 11) first particles having a size of about 30 um to about 225 um; and 111) second particles
having a size of about | nm to 25 wm comprising one or more independently selected hydrophobic or
oleophobic moieties; wherein said composition optionally contains 5% to 10% of a biock copolymer on a

weight basis.

BOG11% Embodiment 3. The plunger of any of embodiments 1 or 2, wherein said hydrophobic
E plung 5 .3 ydrop
coating comprises a base coat comprised of said binder and said first particles applied to said cup and
optionally applied to said handie, and a top coat applied to said base coat comprised of said second

particles.

|
I

0001191 Embodiment 4. The plunger of any of embodiments | to 3, wherein the outer surface of

the cup 1s generally convex and said inner surface is generally concave.

{00120 Embodiment 5. The plunge of any of embodiments | to 4, wherein a cross section

through the cup in a plane parallel to said rim s generally oval, elfiptical, or oblate.

1
1

1000121 Embodiment 6. The plunger of any of embodiments 1 to §, wherein a cross section

through the cup in a plane paraliel to the rim is generally circular.

(000122} Embodiment 7. The plunger of embodiment 5, wherein said handle is attached to said

outer surface at a point that is approximately equidistant from the rim in each direction.
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|G00123] Embodiment 8. The plunger of any of embodiments | to 7, wherein plumbing is selected
from a toilet, bathtub, shower, pipe, or sink.

300124 Embodiment 9. The plunger according to embodiment 8, wherein said cup 1s adapted to
conform to said plumbing.

3301257 Embodiment 10. The plunger of any of embodiments | to 9, wherein said hydrophobic
coating 1s resistant to greater than 200, 250, 300, 350 or 400 abrasions cycles on Taber Model: 503
mnstrument using CS-10 wheels with 250 g load.

{00126 Embodiment 11. The plunger of any of embodiments 2 to 10, wherein said binder

comprises a polyurethane,

001271 Embodiment 12. The plunger of embodiment 11, wherein said polyurethane is a
POLANE.
{0006128] Embodiment 13. The plunger of any of embodiments 1 to 12, wherein said hydrophobic

coating comprises about 5 to about 15% of first particles which are comprised of a material selected
from: polymers, metals, glasses, glass bubbles, metalloid oxides, metal oxides, and cellulose.
JB00129] Embodiment 14. The plunger of any of embodiments 2 to13, wherein said second
particles comprise;
(1} a metal oxides {e.o., aluminum oxides, zinc oxides, nickel oxide, zirconium oxides, 1ron
oxides, or titanium dioxide such as alumina), an oxide of a metalloid {(e.g., oxides of B, Si, Sb,
Te and Ge such silica or fumed silica), or one or more metal oxides, oxides of metalloids or

combination thereof {e. g., glass particles); and

(11} a stlane, stioxane or a stlizane, which may be covaiently bound to said metal oxide, oxide of a

metalloid, or a combination thereof,

-1-

3001 34 Embodiment 15. The plunger of embodiment 14, wherein said silane, siloxane or
stlazane are selected from polydimethyisiloxane (PDMS) and hexamethyidisilazane.

GO0131 Embodiment 16. The plunger of any of embodiments 1 to 135, wherein said hydrophobic
coating 1s resistant to 40, 50, 60, 70, 80, 90, or 100 abrasion cycles on a Taber Model: 503 instrument

using CS-10 wheels with 250 g load.

1600132 Embodiment 17. The plunger of any of embodiments 3 to 16, wherein said binder
comprises an water-based polyurethane.

1003133 Embodiment 18. The plunger of embodiment 17, wherein said water-based polyurethane
is a Polane'™

{061 34] Embodiment 19. The plunger of any of embodiments 3 to 18, wherein said base coat
comprises about 5 to about 15% of first particies which are comprised of a materal selected from:

olviners, metais, glasses, glass bubbles, metallioid oxides, metal oxides, or celiulose.
5 > 8 ; ; s

[B03135] Embodiment 20. The plunger of any of embodiments 1 to 19, wherein said second

particies are silica particies treated with a silanizing agent {(e.g., a compound of tormula (1)).
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{300136] Embodiment 21. The plunger of embodiment 20, wherein said stlanizing agent is
selected from {tridecafluoro-1,1,2 2-tetrahydrooctyllsilane {(SIT8173.0); {tridecafluoro-1,1,2,2-
tetrahydrooctyl) trichlorostlane (SIT8174.0); (tnidecatluoroe-1,1,2,2-tetrahydrooctybtriethoxysiiane
(SIT8175.0); (tridecatluore-1,1,2,2-tetrabydrooctyDtrimethoxysilane (81T8176.0); (heptadecatluoro-
1,1,2,2-tetrahydrodecyl}dimethyl{dimethylaminc)silane (§IHS5840.5); (heptadecafluoro-1,1,2,2-
tetrahydrodecyljiris(dimethylamino)silane (SIH5841.7); n-octadecylirimethoxysilane (5106645.0); n-
octyltriethoxysilane (SI0O6715.0); and nonafluorohexyidimethyl{dimethylamino)silane (SIN6597.4).
{06137 Embodiment 22. The plunger of any of embodiments 1 to 21, wherein the coating on
said cup and/or at least a portion of said handle has an arithmetical roughness value from about .44 to
about 5.51 wm or a ten point mean roughness from about 0.9 to about 5.7 un.

U RYY Embodiment 23. The plunger of any of embodiments]-22, wherein less than about 0.2,
0.5, 1,2, 3, or4, grams of water remain bound to the surface after immersion in water at about 20°C.
{0001 39] Embodiment 24. The plunger according to embodiment 23, wherein less than about 0.2,
0.5, 1, 2, 3, or 4, grams of water remain bound to the surface after immersion in water at about 20°C after
the handle has been used to compress the cup more than about 100, 200, or 300 tumes.

1000140 Embodiment 25, The plunger of any of embodiments | to 24, wherein the coating
turther comprises silver particles

(000141 Embodiment 26. The plunger of any of embodiments 3 to 25, wherein the base coat, top
coat or both the base and top coat further comprise silver particles (e. g, silver nanoparticles for
antibacterial action).

{00142 ] Embodiment 27. A method of forming a hydrophobic coating on at least a portion of 3
surface comprising:

1) applying a composition comprising a binder on said surface, wherein said binder optionally comprises
one or more {irst particies; and

11} applying to said binder on said surface second particles a having a size of about | nm 10 25 um
wherein said second particles comprising one or more independently selected hydrophobic or oleophobic
moieties; wherein said applying comprises spray coating of said second particles using a stream of gas;
and wherein said second particles comprise less than 2% by weight of a solvent.

{00143 Embodiment 28, The method of embodiment 27, wherein said composition comprising a
binder further comprises furst particies having a size of about 30 pm to about 225 um.

1000144 Embodiment 29. The method of any of embodiments 27 to 28, wherein said gas 1s air,
nitrogen, or CO;.

U001 45] Embodiment 30. The method of any of embodiments 27 to 29, wherein said second
particles contamn less than about 5%, 4%, 3%, 2%, or 1% by weight of a volatile solvent as apphlied to the
base coat,

1600146] Embodiment 31. The method of any of embodiments 27 to 30, wherein said second

particles comprise a metalloid oxide.
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{O00147] Embodiment 32. The method of any of embodiments 27 to 31 wherein said particles are
silica particies.

1300148] Embodiment 33. The method of any of embodiments 27 to 32, wherein said coating
composition comprises second particles in a range selected from: about 0.1% to about 5%; about 0.2% to
about 6% about 4% to about 10%:; about 6% to about 12%; about 8% 1o about 16%; about 1% to about
16%; about 1% to about 20%:; about 10% to about 20% or about 15% to about 20% on a weight basis,
10081491 Embodiment 34. The method of any of embodiments 27 to 33, wherein said coating has
a surface in contact with said substrate and an exposed surface not in contact with said substrate, and said
coating has a greater amount of second particles on, at, or adjacent to the exposed surface than on at or
adjacent to the surface in contact with the substrate.

{00150 Embodiment 35. The method of embodiment 34, wherein said surface in contact with
said substrate has, no second particles.

(060151 Embodiment 36. The method of embodiment 34, wherein the number of second particles
on said surface in contact with said substrate is less than aboutl1 %, about 2%, about 5%, about 1%,
about 20%, about 30%, about 40%, about 50%, about 60%, about 70%, about 80%, or about 90% of the
number of second particies on at or adjacent to said exposed surface.

J0G152] Embodiment 37. The method of any of emb