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(57) ABSTRACT

Presently described are components of a spray application
system. At least one component comprises a liquid repellent
surface layer. The liquid repellent surface (e.g. layer) com-
prises a siloxane material. The component is typically a
liquid reservoir, a liquid reservoir liner, a lid for a liquid
reservoir or liner, or a combination thereof. In some embodi-
ments, the component comprises a thermoplastic polymeric
material. In some favored embodiments, the component is a
removable liquid reservoir or liner. In some favored embodi-
ments, the component is a collapsible liquid reservoir or
liner. The spray application system typically further com-
prises a gravity-fed spray gun. Also described are spray
application systems, methods of using a spray application
system, as well as methods of making a component of a
spray application system wherein the component has a liquid
repellent surface.
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SPRAY APPLICATION SYSTEMS
COMPONENTS COMPRISING A
REPELLENT SURFACE COMPRISING A
SILOXANE MATERIAL & METHODS

BACKGROUND

[0001] As described for example in W098/32539, spray
application systems for spraying liquids (e.g. paints, garden
chemicals etc.) are generally known. Such systems generally
comprise a reservoir to contain a liquid and a spray gun
through which the liquid is dispensed. The liquid may be fed
from the reservoir under gravity and/or it may be entrained
in a stream of pressurized liquid, for example air or water,
which is supplied to the gun from an external source.

[0002] As also described in WO98/32539 disposable lin-
ers have been used with (e.g. re-usable) liquid reservoirs.
The liner may aid in disposal of the contents; protect the
reservoir or its contents; as well as facilitate or even elimi-
nate the cleaning of the reservoir.

SUMMARY

[0003] With current spray (e.g. paint) application systems,
a portion of the liquid (e.g. paint) is retained within the
liquid reservoir or liner after dispensing the liquid. Depend-
ing on the size of the liquid reservoir or liner, the amount of
retained paint may range from about %2 to 1 ounce. In the
case of relatively expensive liquids, such as colored auto-
mobile base coat paints that can cost $3-$6 per sprayable
ounce, the cost of such wasted retained (e.g. paint) liquid can
be substantial. Thus, industry would find advantage in
minimizing the amount of paint or other liquid that is
retained on components of spray application systems.

[0004] One commonly known class of fluoropolymer is
Teflon™ PTFE resin or in other words polytetrafluoroeth-
ylene polymers prepared by the polymerization of the mono-
mer tetrafluoroethylene (“TFE” having the structure
CF,—CF,). Teflon™ PTFE resins are described as crystal-
line materials. Crystalline PTFE resins typically have a
density of about 2.2 g/cm’.

[0005] It has been found that Teflon™ PTFE does not
provide a liquid repellent surface such that the receding
contact angle with water is at least 90 degrees and/or the
difference between the advancing contact angle and the
receding contact angle of the surface with water is less than
10. Further, Teflon™ PTFE also does not provide an (e.g.
aqueous) paint repellent surface as determined by test meth-
ods set forth in the examples.

[0006] Presently described are components of a spray
application system. At least one component comprises a
liquid repellent surface (e.g. layer). In some embodiments,
the liquid repellent surface comprises a silane or siloxane
(e.g. polydimethylsiloxane) material, wherein the liquid
repellent surface is not a lubricant impregnated surface. In
some embodiments, the liquid repellent surface comprises a
(e.g. layer of) thermally processible polymer and a siloxane
melt additive. The component is typically a liquid reservoir,
a liquid reservoir liner, a lid for a liquid reservoir or liner, or
a combination thereof. In some embodiments, the compo-
nent comprises a thermoplastic polymeric material. In some
favored embodiments, the component is a removable liquid
reservoir or liner. In some favored embodiments, the com-
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ponent is a collapsible liquid reservoir or liner. The spray
application system typically further comprises a gravity-fed
spray gun.

[0007] Also described are spray application systems,
methods of using a spray application system, as well as
methods of making a component of a spray application
system wherein the component has a liquid repellent sur-
face.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] FIG. 1 is a perspective view of a spray application
system,
[0009] FIG. 2 shows an exploded view of components of

a liquid (e.g. paint) reservoir further comprising a liner for
the gun of FIG. 1;

[0010] FIG. 3 shows the liquid reservoir of FIG. 2 in an
assembled condition, with an adapter 21 for connecting the
liquid reservoir to a spray gun;

[0011] FIG. 4 shows a longitudinal cross-section through
the liquid reservoir and the adapter of FIG. 3;

[0012] FIG. 5 shows the collapsed liner after the liquid
(e.g. paint) has been dispensed from a reservoir or liner;
[0013] FIG. 6 is cross-sectional view of another embodi-
ment of an article comprising a liquid repellent surface;
[0014] FIG. 7 is cross-sectional view of another embodi-
ment of an article comprising a liquid repellent surface;
[0015] FIG. 8 is cross-sectional view of another embodi-
ment of an article comprising a liquid repellent surface; and
[0016] FIG. 9 is cross-sectional view of another embodi-
ment of an article comprising a liquid repellent surface. The
cross-sectional drawings are not to scale.

DETAILED DESCRIPTION

[0017] FIG. 1 illustrates an embodied spray application
system. The gun 1 comprises a body 2, a handle 3 which
extends downwards from the rear end of the body, and a
spray nozzle 4 at the front end of the body. The gun is
manually-operated by a trigger 5 which is pivotally-mounted
on the sides of the gun. The liquid (e.g. paint) reservoir 6 is
located on the top of the body 2 and communicates with an
internal (e.g. air) passageway (not visible) which extends
through the gun from a connector 7 at the lower end of the
handle 3 to the nozzle 4. During use, liquid (e.g. paint) is
provided in reservoir 6. Removable lid 8 is engaged with the
open end of (e.g. paint) liquid reservoir 6. Further, connector
7 is connected to a source of compressed air (not shown) so
that, when the user pulls on the trigger 5, compressed air is
delivered through the gun to the nozzle 4 (or functionally
similar assembly) and entrains and atomizes paint being
delivered under gravity from liquid reservoir 6. The liquid
(e.g. paint) is then discharged through the nozzle 4 with the
compressed air, as a spray.

[0018] Various spray gun designs can be utilized in the
embodied spray application system, such as described for
example in U.S. Pat. Nos. 5,582,350; 5,267,693; and EP
0768 921. In some embodiments, the spray application
system may further comprise tubes or hoses, typically dis-
posed between the (e.g. paint) liquid reservoir and the gun.
[0019] FIG. 2 illustrates the components of another
embodied liquid (e.g. paint) reservoir 11 that can be used
with the gun 1 of FIG. 1 (or any similar gun) instead of
liquid (e.g. paint) reservoir 6. The liquid (e.g. paint) reser-
voir 11 comprises an open container 12, of suitable size for
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attachment to a (e.g. hand-held) spray gun, having an air
hole 12A in its base and provided with a liner 13. The liner
13 corresponds in shape to and fits within the interior of
container 12. The (e.g. removable) liner may have a narrow
rim 14 at the open end that contacts the top edge of the
container 12. The container 12 also has a (e.g. disposable) lid
15. Lid 15 typically engages rim 14 of the open end of the
liner 13 and is held firmly in place when lid 15 is attached
to container 12. The lid can be attached by an annular collar
20 which screws onto the container, such as depicted in FIG.
3.

[0020] Liquid reservoir 6 or container 12 of the liquid (e.g.
paint) reservoir 11 is typically formed from a self-supporting
(e.g. rigid) thermoplastic polymeric material, for example
polyethylene or polypropylene, of any suitable size. For use
with paint spray guns, containers having a capacity ranging
from 100 ml to 1 liter, such as a capacity of 250, 500 or 800
ml, are common. The lid 15 is also typically formed from a
thermoplastic polymeric material, for example, polyethylene
or polypropylene. The lid may be transparent, translucent or
opaque and may optionally be colored. The collar 20 may be
a molded thermoplastic or it may be a machined metal (for
example, aluminum). In some embodiments, fluid reservoir
6 and container 12 are formed by injection molding of a
thermoplastic polymer.

[0021] Liquid reservoir 6, as well as liner 13, are typically
also self-supporting but can also be collapsible, i.e. collapses
when (e.g. paint) liquid is withdrawn from the liner or liquid
(e.g. paint) reservoir during operation of the spray gun. In
one embodiment, the liner 13 or liquid (e.g. paint) reservoir
6 have a (e.g. thicker) rigid base 13A and (e.g. thinner)
flexible side walls 13B. In this embodiment, the base may
have a thickness of about 250 to 400 microns. In contrast,
the side walls can range from about 100 to 250 microns and
in some embodiments are no greater than 225, 200 or 175
microns. When the liner collapses, it typically collapses in
the longitudinal (or axial) direction by virtue of the side
walls collapsing rather than the base. Liner 13 and some
embodiments of liquid (e.g. paint) reservoir 6 are preferably
formed by thermo/vacuum forming a sheet of thermoplastic
material such as low density polyethylene (LDPE). When
the liner 13 or liquid (e.g. paint) reservoir 6 is collapsible it
can be characterized as a single-use or in other words
“disposable” component.

[0022] The lid 15 typically includes a (e.g. central) aper-
ture 16 from which extends a connector tube 17 provided, at
its end, with outward extensions 18 forming one part of a
connection, such as a bayonet connection; i.e. a fitting
engaged by being pushed into a socket and then twisted to
lock in place. The liquid (e.g. paint) reservoir 11 can be
attached to the spray gun 1 through the use of an adapter 21
as depicted in FIG. 3 and FIG. 4. The adapter 21 is a tubular
component which, at one end 22, is formed internally with
the other part of the (e.g. bayonet) connection for attachment
to the connector tube 17. The other end 23 of the adapter can
be shaped to match the standard attachment of the spray gun
(typically a screw thread). The adapter 21 may be a
machined metal component and may, for example, be
formed from anodized aluminum or stainless steel.

[0023] Duringuse of the spray application system, adapter
21 is securely attached (at end 23) to the spray gun. Liner 13
is inserted into container 12. Liquid (e.g. paint) is then put
into liner 13, lid 15 is pushed into place, and collar 20
engaged (e.g. screwed down) tightly with container 12 to
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hold the lid in position. The rim 14 of the liner 13 is typically
held in place between lid 15 and container 12 as shown in
FIG. 4. As paint is removed from within the liner 13, the
sides of the liner collapse as depicted in FIG. 5 as a result
of the decreased pressure within the liner. The base of the
liner, being more rigid, retains its shape so that the liner
tends to collapse in the longitudinal rather than the trans-
verse direction thereby reducing the possibility of pockets of
paint being trapped in the liner.

[0024] The liner 13 typically has a smooth (e.g. continu-
ous) internal surface, lacking structures that would increase
retention of the liquid (e.g. paint). Thus, the liner typically
has no discontinuities (projections or indentations) from a
planar surface such as pleats, corrugations, seams, joints,
gussets, or groove(s) at the internal junction of the side walls
13B with the base 13A. Further, the liner volumetrically
coincides with the inside of the container 12.

[0025] Liquid (e.g. paint) can be mixed within liner 13 or
within liquid (e.g. paint) reservoir 6. To facilitate the use as
a mixing receptacle, the side walls of the container 12 or
liquid (e.g. paint) reservoir 6 may be provided with mark-
ings 25 (FIGS. 2 and 3) enabling the volume of the contents
within the container to be determined.

[0026] Although fluid reservoir 6, container 12, and liner
13 may be opaque, such components are preferably trans-
parent or translucent such that the liquid can be visually
observed through the walls. This can also facilitate using the
fluid reservoir 6, or container 12 and liner 13 as a measuring
and mixing receptacle.

[0027] Liquid (e.g. paint) contained in the liquid reservoir
6 or liner 13 is often mixed by hand. Hand mixing can be
beneficial to avoid air entrapment. The inside surfaces of the
liquid reservoir 6 or liner 13 are also typically not exposed
to high amounts of mixing forces when mixed by hand.
However, the side walls of the mixing container may be
‘scraped’ in order to ensure all of the toners and other
ingredients are thoroughly mixed.

[0028] In some embodiments, the liners are thermo-
formed, injection molded, blow molded (or formed using
some other plastic processing technique) from materials
such as, but not necessarily limited to, low density polyeth-
ylene, polypropylene, polyethylene, and/or blends thereof.
Suitable liner components are commercially available from
3M Company, St. Paul, Minn. under trade designation “3M
PPS PAINT PREPARATION SYSTEM”.

[0029] To ensure that there are no unwanted particles, the
liquid (e.g. paint) typically passes through a (e.g. removable)
filter as the (e.g. paint) liquid passes from the liquid reservoir
6 or liner 13 to the spray gun or nozzle during use of the
spray application system. Such filter can be positioned at
various locations. In one embodiment, aperture 16 is cov-
ered by a filter mesh 19 which may be a push fit into the
aperture or may be an integral part of the 1id 15, as depicted
in FIG. 4. In another embodiment, a filter may be provided
within liquid reservoir 6, as described and depicted in FIG.
12 of WO 98/32539.

[0030] FIGS. 1-9 depict examples of illustrative liquid
(e.g. paint) reservoirs, liquid reservoir liners, lids for liquid
(e.g. paint) reservoirs and liners. Such components may
optionally include various other adaptations as known in the
art for spray application systems, as described for examples
in WO 98/32539.

[0031] In the present invention, a component (e.g. a liquid
reservoir, a liquid reservoir liner, a lid for a liquid reservoir
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or liner, or a combination thereof) of a spray application
system comprises a liquid repellent surface (e.g. layer). The
liquid repellent surface layer may be present on a portion of
a surface of at least one of such components or the liquid
repellent surface layer may be present on the entire surface
that comes in contact with liquid (e.g. paint) during use.
Although the exterior surfaces of the liquid reservoir, liner,
lid, etc. may comprise the liquid repellent surface layer
described herein, in typical embodiments, the interior sur-
face(s) of at least one of such components comprises a liquid
repellent surface layer.

[0032] When the liquid (e.g. paint) repellent surface com-
prises a lubricant impregnated into pores of a porous layer
as described in W0O2016/069674, the outer exposed surface
is predominantly liquid lubricant. Some structures of the
porous layer may protrude through the liquid lubricant and
be present at the outer exposed surface. However, the outer
exposed surface is predominantly liquid lubricant. In this
embodiment, typically at least 50, 55, 60, 65, 70, 75, 80, 85,
90, 95% or greater of the surface area is a liquid lubricant,
as can be determined by microscopy. Thus, the aqueous
liquid (e.g. paint) that is being repelled comes in contact
with and is repelled by the liquid lubricant.

[0033] By “liquid” it is meant that the lubricant has a
dynamic (shear) viscosity of at least about 0.1, 0.5, or 1
mPa-s and no greater than 10' mPa-s at the use temperature.
In typical embodiments, the dynamic viscosity is no greater
than 10%, 10°, 10* or 10°> mPa-s. The dynamic viscosity
values described herein refer to those measured at a shear
rate of 1 sec™".

[0034] In other embodiments as described herein, the
liquid (e.g. paint) repellent surface of the spray application
system component is not a lubricant impregnated surface.
Rather the outer exposed surface is predominantly a solid
liquid (e.g. paint) repellent material. In this embodiment,
less than 50, 45, 40, 35, 30, 25, 20, 15, 10, 5, 4,3, 2,1, 0.5,
0.1, 0.005, or 0.001% of the surface area is a liquid lubricant.
Rather, at least 50, 55, 60, 65, 70, 75, 80, 85, 90, 95, 96, 97,
98, 99, or 99.5% or greater of the outer exposed surface is
a solid liquid-repellent material. Thus, the aqueous liquid
(e.g. paint) that is being repelled comes in contact with and
is repelled by the solid liquid-repellent material.

[0035] The solid liquid (e.g. paint) repellent material is
generally a solid at the use temperature of the spray appli-
cation system component, which commonly ranges from 40°
F. to 120° F. In typical embodiments, the solid liquid (e.g.
paint) repellent material is a solid at room temperature (e.g.
25° C.). Thus, the solid liquid (e.g. paint) repellent material
has a melting temperature (peak endotherm as measured by
Differential Scanning calorimetry) greater than 25° C., and
typically greater than 120° F. (49° C.). In some embodi-
ments, the solid liquid (e.g. paint) repellent material has a
melting temperature no greater than 200° C. The solid (e.g.
paint) repellent material may exhibit more than one melting
temperature. In typical embodiments, a single solid liquid
(e.g. paint) repellent material is utilized. However, when the
liquid repellent surface is provided by a coating composi-
tion, the coating composition may contain a mixture of solid
liquid (e.g. paint) repellent materials.

[0036] With reference to FIG. 6, article 200 is a compo-
nent of a spray application system comprising substrate or
component 210 (e.g. a liner, liquid reservoir, or lid) com-
prising a liquid (e.g. paint) repellent surface 253 that com-
prises a (e.g. non-fluorinated) organic polymeric binder and
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a siloxane (e.g. polydimethylsiloxane “PDMS”) material.
The concentration of siloxane (e.g. PDMS) material at the
outer exposed surface (e.g. layer) 253 is typically higher
than the concentration within the (e.g. non-fluorinated)
organic polymeric binder layer 251 proximate substrate 210.
In one embodiment, the liquid (e.g. paint) repellent surface
(e.g. layer) can be provided by coating substrate 210 with a
coating composition comprising an organic solvent, a (e.g.
non-fluorinated) organic polymeric binder, and a siloxane
(e.g. PDMS) material as will subsequently be described.
[0037] With reference to FIG. 7, article 300 is a compo-
nent of a spray application system comprising substrate or
component 310 (e.g. a liner, liquid reservoir, or lid) com-
prising a liquid (e.g. paint) repellent surface (e.g. layer) 353
that comprises a siloxane (e.g. PDMS) material. The con-
centration of siloxane (e.g. PDMS) material at the outer
exposed surface (e.g. layer) 353 is typically higher than the
concentration of siloxane (e.g. PDMS) material proximate
the center of the substrate 310. In one embodiment, the
liquid (e.g. paint) repellent surface 353 can be provided by
including a siloxane (e.g. PDMS) material as a melt additive
in a polymeric material that is thermally processed to form
substrate 310 into a component such as a liner, liquid
reservoir, or lid.

[0038] With reference to FIG. 8, article 400 is a compo-
nent of a spray application system comprising substrate or
component 410 (e.g. a liner, liquid reservoir, or lid) com-
prising a liquid (e.g. paint) repellent surface 453 that com-
prises a siloxane (e.g. PDMS) polymer layer, or a polymer
comprising both fluorinated and silane or siloxane groups
451. In one embodiment, the liquid (e.g. paint) repellent
surface 453 can be provided by coating substrate 410 with
a coating composition comprising an organic solvent and a
siloxane (e.g. PDMS) polymer, as will subsequently be
described. The siloxane content is typically the same
throughout the thickness of the siloxane layer. In another
embodiment, the liquid (e.g. paint) repellent surface 453 can
be provided by coextruding substrate 410 together with a
siloxane (e.g. PDMS) polymer layer 451 into a sheet and
thermally processing the sheet into a liner, liquid reservoir,
or lid.

[0039] With reference to FIG. 9, article 500 is a substrate
or component 510 of a spray application system such as a
liner, liquid reservoir, or lid, comprising a siloxane (e.g.
PDMS) polymer. The siloxane content is typically the same
throughout the thickness of the component. The interior and
exterior surface of the component typically comprise silox-
ane polymer. In another embodiment, the liquid (e.g. paint)
repellent surface can be provided by thermally processing a
siloxane polymer or a polymer comprising both fluorinated
and silane or siloxane groups into a component such as a
liner, liquid reservoir, or lid.

[0040] In other embodiments, the (e.g. paint) liquid repel-
lent surface comprises a siloxane (e.g. PDMS) material and
a (e.g. non-fluorinated) organic polymeric binder. In typical
embodiments, a major amount of non-fluorinated polymeric
binder is combined with a sufficient amount of siloxane (e.g.
PDMS) material that provides the desired repellency prop-
erties, as described herein.

[0041] In typical embodiments, the amount of siloxane
(e.g. PDMS) material is at least about 0.05, 0.1, 0.25, 0.5,
1.5, 2.0 or 2.5 wt.-% and in some embodiments, at least
about 3.0, 3.5, 4.0, 4.5 or 5 wt.-%. The amount of siloxane
(e.g. PDMS) material is typically no greater than 50, 45, 40,
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35, 30, 25, 20, 15, or 10 wt.-% of the sum of the siloxane
(e.g. PDMS) material and non-fluorinated polymeric binder.

[0042] In other embodiments, the (e.g. paint) liquid repel-
lent surface comprises a siloxane (e.g. PDMS) material. In
some embodiments, the siloxane (e.g. PDMS) material is a
solid rather than a liquid (e.g. lubricant) at 25° C. and at
temperatures ranging from 40° F. (4.44° C.) to 130° F. (54.4°
C.). In typical embodiments the siloxane (e.g. PDMS)
material is free of fluorinated groups and thus free of fluorine
atoms. However, in other embodiments, a predominantly
siloxane (e.g. PDMS) material may further comprise one or
more fluorinated groups. Although it is most common to
utilize a siloxane (e.g. PDMS) material, combinations of a
fluorochemical material and a siloxane (e.g. PDMS) material
can be utilized.

[0043] In some embodiments, a major amount of non-
fluorinated polymeric binder or thermally processible poly-
mer is combined with a sufficient amount of siloxane (e.g.
PDMS) material that provides the desired repellency prop-
erties, as described herein.

[0044] In some embodiments, the silicone material is a
compound, oligomer or polymer having a polysiloxane
backbone and more typically a polydimethylsiloxane back-
bone. The polysiloxane backbone may further comprise
pendent groups, such as hydrocarbon (e.g. preferably alkyl)
groups. Such pendent groups contain more than one carbon
atoms. The silicone material typically does not comprise
vinyl groups or other polymerizable groups that would result
in the silicone material forming a crosslinked network.

[0045] In some embodiments, the siloxane (e.g. PDMS)
material (e.g. oligomer or polymer) comprises at least 50,
55, 60, 65, 70, 75, 80, 85, 90 or 95 wt.-% polydimethylsi-
loxane backbone. The siloxane (e.g. PDMS) material may
further comprise pendent longer chain hydrocarbon (e.g.
preferably alkyl) groups in an amount of at least 5, 10, 15,
20, 25, 30, or 35 wt.-% of the siloxane (e.g. PDMS) material.

[0046] The siloxane (e.g. PDMS) oligomer may have a
molecular weight (Mn) of at least 1500 or 2000 g/mole as
measured by GPC. The siloxane oligomer typically has a
molecular weight (Mn) no greater than 10,000, 9000, 8000,
or 7000 g/mole. The siloxane (e.g. PDMS) polymer typically
has a molecular weight (Mn) greater than 10,000; 15,000; or
20,000 g/mole. In some embodiments, the molecular weight
of the siloxane polymer is no greater than 100,000; 75,000;
or 50,000 g/mole.

[0047] In some embodiments, the siloxane (e.g. PDMS)
material comprises pendent longer chain hydrocarbon (e.g.
preferably alkyl) groups wherein the longer chain hydrocar-
bon (e.g. preferably alkyl) groups average at least 8, 10, 12,
14, 16, 18, or 20 carbon atoms. In some embodiments, the
siloxane (e.g. PDMS) material comprises pendent longer
chain hydrocarbon (e.g. preferably alkyl) groups wherein the
longer chain hydrocarbon (e.g. preferably alkyl) groups
average greater than 20 carbons atoms such as at least 25,
30, 35, or 40. The pendent longer chain hydrocarbon (e.g.
preferably alkyl) groups typically average no greater than
75, 70, 65, 60, or 50 carbon atoms.

[0048] In some embodiments, the siloxane (e.g. PDMS)
material may be characterized as an alkyl dimethicone. The
alkyl dimethicone comprises at least one linear, branched, or
cyclic alkyl group averaging at least 8, 10, or 12 carbon
atoms such as lauryl dimethicone, depicted as follows:
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CH; CH; CH; CH;
CH3—Si—eo—sH8—(O—Ti—)go—Si—cm
CH; CHy)y, — CHz CH;

CH;

[0049] In some embodiments, the alkyl dimethicone com-
prises at least one linear, branched, or cyclic alkyl group
averaging at least 14, 16, or 18 carbon atoms such as cetyl
dimethicone and stearyl dimethicone.

[0050] These materials are characterized by having a (e.g.
linear) polysiloxane backbone having terminal alkyl (C1-
C4, typically methyl) silane groups and a pendent (e.g.
linear) alkyl group.

[0051] Preferred alkyl dimethicones typically have the
structure:
@
CH3 CH; CH3 CH; CHjz
ch—éi—o Si—O0 Si—O0 Si—O04—Si—CH;
éH; CH; . Il{l . R2 . CH;

wherein the sum of (a+b+c) is between about 100 and 1000,
for example between about 200 and 500 or between about
300 and 400; the ratio of a to the sum of (b+c) is about
99.9:0.1 to 80:20, or about 99:1 to 85:15, or about 99:1 to
90:10, or about 99:1 to 92:8, or about 98:2 to 93:7 or about
or about 98:2 to 94:6; R* is a linear, branched, or cyclic alkyl
group having between 20 and 50 carbon atoms, for example
about 22 to 46 carbon atoms, or about 24 to 40 carbon atoms;
R? is a linear, branched, or cyclic alkyl or alkaryl group
having between 2 and 16 carbons, for example about 4 to 16,
or about 5 to 12, or about 6, to 10, or about 8 carbon atoms;
and the structure is a random, block, or blocky structure. In
some embodiments, the ratio of a to (b+c) in conjunction
with the number of carbons in the R' and R? groups result
in an alkyl dimethicones having greater than about 50 wt. %
dimethyl siloxane (a) units, or in embodiments greater than
about 60 wt. % dimethyl siloxane units. In some embodi-
ments, ¢ is 0. In some embodiments, the sum of (a+b+c) is
about 300 to 400 and the ratio of “a” to the sum of (b+c) is
about 98:2 to 94:6. In some embodiments, the alkyl dime-
thicone is a blend of two or more species thereof, wherein
the species differ in terms of the sum of (a+b+c), the ratio of
“a” to the sum of (b+c), the value of ¢, or in two or more such
parameters. In some embodiments, the alkyl dimethicone is
a random structure. In some embodiments, R' is a linear
alkyl group. In some embodiments, R* is a linear alkyl
group.

[0052] The alkyl dimethicone materials of the Formula I
above are characterized by having a (e.g. linear) polysilox-
ane backbone having terminal alkyl (C1-C4, typically
methyl) silane groups and a plurality of pendent (e.g. linear)
alkyl groups.

[0053] Methods of synthesizing alkyl dimethicones are
known in the art. See for example U.S. Pat. No. 9,187,678;
incorporated (entirely) herein by reference.
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[0054] While the structures of alkyl dimethicones are
generally preferably linear structures, it will be understood
by those of skill that such structures as synthesized or
purchased can include an (e.g. small) amount of branching.
Such branching, using terminology understood by those of
skill, is referred to as “T” and “Q” functionality. In any of
the embodiments herein, a substantially linear alkyl dime-
thicone structure can contain an amount of T branching, Q
branching, or both.

[0055] In some embodiments, the siloxane (e.g. alkyl
dimethicone) material has a melting temperature (e.g. peak
endotherm as measured by DSC) of at least 140° F. (60° C.)
or 150° F. (65.6° C.) ranging up to 170° F. (76.7° C.), 175°
F. (79.4° C.), or 180° F. (82.2° C.).

[0056] In some embodiments, the siloxane (e.g. PDMS)
material may be characterized as a high molecular weight or
ultra high molecular weight (UHMW) polydimethylsiloxane
(e.g. melt additive) material. In some embodiments, the
siloxane (e.g. PDMS) material has a viscosity of at least
10,000 centistokes; 25,000 centistokes; or 50,000 centist-
okes ranging up to 100,000 centistokes. In other embodi-
ments, the siloxane (e.g. PDMS) material has a viscosity at
25° C. greater than 100,000 centistokes. The viscosity may
be at least 250,000 mPa centistokes; 500,000 mPa centist-
okes; 1,000,000 mPa centistokes; or 5,000,000 centistokes;
and typically less than 10,000,000 centistokes mPa. In yet
other embodiments, the siloxane (e.g. PDMS) material may
be characterized as an ultra high molecular weight (UHMW)
siloxane (e.g. PDMS) material having a viscosity greater
than 10 million centistokes ranging up to 50 million cen-
tistokes.

[0057] The high and ultra high molecular weight siloxane
(e.g. PDMS) material typically comprises little or no mate-
rial having a viscosity less than 10,000 centistokes, or less
than 5,000 centistokes, or less than 2500 centistokes, or less
than 1000 centistokes. The ultra high molecular weight
(UHMW) siloxane (e.g. PDMS) material typically com-
prises little or no material having a viscosity within the
10,000 centistokes to 100,000 centistokes. Further, the ultra
high molecular weight (UHMW) siloxane (e.g. PDMS)
material typically comprises little or no material having a
viscosity within the 100,000 centistokes to 1,000,000 mPa
centistokes. When the siloxane material comprises little or
no siloxane (e.g. PDMS) material of certain viscosities, the
amount is less than 5, 4, 3, 2, 1, 0.5 or 0.1 wt.-% based on
the total weight of the siloxane (e.g. PDMS) material. Unless
specified otherwise, the viscosity values described herein
refer to those measured at a temperature of 25° C. and a

shear rate of 1 sec™".

[0058] Siloxane material melt additives often comprise a
polydimethylsiloxane backbone. Some of the methyl groups
can be substituted with functional groups to adjust the
compatibility and mobility within the thermally processible
polymer. Addition-reaction silicone elastomers, such as
poly-vinyl siloxane (i.e. vinyl polysiloxane) are a viscous
liquid that cure (i.e. chemically crosslink vinyl or other
reactive groups) into a rubber-like solid, taking the shape or
profile of the surface it is in contact with while curing. Such
materials may be characterized as thermosets. Unlike addi-
tion-reaction silicone elastomers, in some embodiments the
siloxane (e.g. PDMS) material melt additives are not chemi-
cally crosslinked and generally do not contain appreciable
amounts of ethylenically unsaturated groups, such as vinyl
groups or other reactive groups. In other embodiments, some
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of the PDMS may comprise dimethylvinyl terminal groups.
Further, some of the PDMS may be hydroxyl terminated.
The concentration of such ethylenically unsaturated groups
(e.g. vinyl) or other reactive groups is typically sufficiently
low such that the siloxane material is a thermoplastic
material and/or suitable for thermally processing after
chemical crosslinking of such groups.

[0059] In some embodiments, the siloxane (e.g. PDMS)
material melt additives are commercially available pre-
blended with a thermally processible polymer as a “master-
batch”. For example, ultra high molecular weight (UHMW)
polydimethylsiloxane, having a siloxane content of 50% is
available predispered in low density polyethylene (LDPE),
melt flow index 8, from Dow Corning™ under the trade
designation “MB50-002 Masterbatch”. In some embodi-
ments the LDPE may also contain silica (e.g. talc). Although
the masterbatch is a solid material typically in the form of
pellets or a powder, according to literature the siloxane (e.g.
PDMS) material contained therein flows like a molten
polymer, yet can have a higher molecular weight than
silicone oils typically utilized as lubricants of a lubricant
impregnated surface.

[0060] The component (e.g. liner) of the spray application
system is preferably prepared in a manner such that the
siloxane (e.g. PDMS) material melt additive sufficiently
separates from the thermally processible polymer it is
admixed with and migrates to the surface of the component.
When the separation or migration of siloxane (e.g. PDMS)
material melt additive is insufficient, a liquid (e.g. paint)
repellent surface, as described herein, is not obtained. An
insufficient concentration of siloxane (e.g. PDMS) material
melt additive can also result in not obtaining a liquid (e.g.
paint) repellent surface. In some embodiments, the compo-
nent or liquid (e.g. paint) repellent surface may be subjected
to a heat treatment to facilitate the separation of the siloxane
(e.g. PDMS) material melt additive from the bulk of the
thermally processible polymer. Such heat treatment may
occur for example, when a liner is thermoformed from a
sheet prepared by extrusion, the liner may have better liquid
(e.g. paint) repellency than the sheet from which it was
prepared.

[0061] In some embodiments, the siloxane material may
be characterized as a siloxane copolymer or silicone-con-
taining copolymer. The above described alkyl dimethicone
is one class of siloxane copolymer. However, other classes
of siloxane copolymers are also suitable.

[0062] Siloxane copolymers are generally prepared using
methods such as living anionic polymerization, ring-opening
polymerization (ROP), atom transfer radical polymerization
(ATRP), and step-growth polymerization. Siloxane copoly-
mers may be characterized for example as grafted, seg-
mented, or block copolymers. The block copolymers, can
have various structures, most commonly a diblock or tri-
block structure.

[0063] Although the most common siloxane polymer
backbone is polydimethylsiloxane (PDMS), the backbone of
the siloxane polymer may include other substituents or
polymerized units derived from other monomers, especially
non-reactive polymerized units such a methyl phenyl silox-
ane, diphenyl siloxane, or 3,3,3-trifluoropropylmethyl silox-
ane, and combinations thereof.
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[0064] The polydiorganosiloxane (“polysiloxane™) back-
bone comprises repeating unit of the formula:

|
TiO
R E

wherein each R is independently a C, _, ; monovalent organic
group. For example, R canbe a C,-C, ; alkyl, C,-C, ; alkoxy,
C,-C,; alkenyl group, C,-C, ; alkenyloxy, C,-C, cycloalkyl,
C,-C4 cycloalkoxy, C4-C,, aryl, C4-C,,, aryloxy, C,-C,;
arylalkyl, C,-C, ; aralkoxy, C,-C, ; alkylaryl, or C,-C, ; alky-
laryloxy. In an embodiment, where a transparent polysilox-
ane-polycarbonate is desired, R is preferably unsubstituted
by halogen. Combinations of the foregoing R groups can be
used in the same copolymer.

[0065] The value of E in the above formula can vary.
Generally, E has an average value of at least 2, 5, or 10 and
in some embodiments at least 15, 20, 25, 30, 35, or 40. In
typical embodiments E has an average value up to 1,000. In
some embodiments, E is no greater than 900, 800, 700, 600
500, 400, 300, 200, or 100. In some embodiments, E is no
greater than 90, 80, 70, or 60.

[0066] In some embodiments, the siloxane copolymer
comprises 50, 55, 60, 65, 70, 75, 80, 85, 90 or 95 wt.-% of
polyorganosiloxane (e.g. PDMS) material, such as in the
case of the previously described alkyl dimethicone. In other
embodiments, the siloxane copolymer comprises less than
50 wt.-% polyorganosiloxane (e.g. PDMS) material. In some
embodiments, the siloxane copolymer comprises at least 1,
1.5,2,25,3,3.5,4,4.5 or 5 wt.-% of polyorganosiloxane
(e.g. PDMS) material. In other embodiments, the siloxane
copolymer comprises at least 10, 15, 20, 25, or 30 wt.-% of
polyorganosiloxane (e.g. PDMS) material.

[0067] Although in the case of the alkyl dimethicone
copolymer depicted above, the alkyl group is bonded
directly to a silicone atom of a siloxane backbone, when the
siloxane copolymer is prepared from other synthetic routes
the silicone copolymer may further comprise other groups
within the copolymer. In such embodiments, the silicone
copolymer may be characterized as a silicone urea copoly-
mer, silicone-urethane copolymer, silicone-ester copolymer,
silicone amide copolymer, silicone imide copolymer, etc.
[0068] The comonomer of the siloxane copolymer can be
selected based on the composition of the component of the
spray application system and/or based on the intended
method of making the component or repellent surface
thereof.

[0069] For example when the component of the spray
application system is a thermally processible material such

an

May 2, 2019

as a polyolefin (e.g., LDPE) and the repellent surface is
prepared by use of a siloxane material melt additive, the
siloxane copolymer melt additive may be an alkyl dimethi-
cone copolymer or a copolymer of polyolefin and polyor-
ganosiloxane (e.g. PDMS). Other siloxane copolymers that
include polyolefin are various block copolymers such as
described in U.S. Pat. Nos. 5,618,903; 5,641,835 and 5,728,
469; incorporated herein by reference. As yet another
example, when the component of the spray application
system comprises polycarbonate, the siloxane copolymer
melt additive may be a polycarbonate siloxane copolymer.
[0070] Depending on the selection of the comonomer, the
siloxane (e.g. copolymer) material may have a higher melt-
ing point or higher softening point than the alkyl dimethi-
cone copolymer depicted above. For example, in some
embodiments, the Vicat Softening Temperature (ASTM D
1525, Rate A/50) of the (e.g. polycarbonate) siloxane copo-
lymer is at least 150° F. (65.6° C.), 200° F. (93.3° C.) or 250°
F. (121.1° C.) ranging up to 275° F. (135° C.) or 300° F.
(148.9° C.). Highly crosslinked (e.g. thermoset) siloxane
materials generally do have a softening temperature in the
ranges just described.

[0071] In one embodiment, the polycarbonate siloxane
copolymer comprises structural units of the formula:

(I

CH3 1\
. CP;V\Q\
OCH3 OCH3

where x and y are integers representing the number of
repeating units; and X is at least one.

[0072] Such structural units may be characterized as the A
block of a block copolymer.

[0073] The polycarbonate siloxane copolymer further
comprises polycarbonate structural units. In typical embodi-
ments, the polycarbonate structural unit has the formula:

ooy

Such structural units may be characterized as the B block of
a block copolymer. Other aromatic polycarbonate structural
units are depicted as follows:

av)

CH;
I I
’ I T Q O T
CH; z
CH;
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[0074] In one embodiment, the siloxane copolymer com- [0078] The tensile strength of the siloxane copolymer is

prises structural units of the formula: typically at least 40, 45, 50, 55, or 60 MPa. Further, the
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wherein x, y, and z of the polycarbonate siloxane copolymer
or structural units thereof are integers representing the
number of repeating units of the Formulas. The integer x is
at least 1 and typically falls within the same range as E, as
previously described. The integer y is at least one and
typically less than 15 or 10. In some embodiments, z ranges
from 50 to 400.

[0075] According to US2013/0186799, incorporated
herein by reference, Formula V provides the molecular
structure of the polycarbonate (PC) siloxane resin
LEXAN™ EXT, 1414T resin.

[0076] Since the LEXAN™ copolymers are (e.g. trans-
parent) thermally processible thermoplastic resins, such
copolymers can be used to make liquid repellent compo-
nents (e.g. liquid reservoir, liner, 1id) of the spray application
system utilizing various thermal processing techniques such
as injection molding and thermoforming.

[0077] Insome embodiments, at least the repellent surface
layer is prepared from a (e.g. transparent) siloxane copoly-
mer having a melt flow rate of at least 2.5, 5 or 10 g/10
minutes at 300° C./1.2 kgf (ASTM D1238) and typically no
greater than 30, 25 or 20 g/10 minutes. Mixtures of poly-
carbonate siloxane copolymers of different flow properties
can be used to achieve the overall desired flow property.
Highly crosslinked (e.g. thermoset) siloxane materials gen-
erally do have melt flow indexes in the ranges just described.

siloxane copolymer can have a low elongation at break of
less than 10% or 5%. In some embodiments, the siloxane
copolymer has a tensile modulus of at least 1000, 1500, or
2000 MPa ranging up to 2500 MPa. The tensile and elon-
gation properties can be measured according to ASTM
D-638 (e.g. at a rate of 50 mm/min).

[0079] PDMS generally has a melting point of about —40°
C. and a glass transition temperature (Tg) of about —125° C.
Siloxane copolymers can have melting point and glass
transition temperatures greater than 0° C. or greater than 25°
C. In some embodiments, the siloxane copolymer has a melt
temperature of at least 100° C., 150° C., 200° C., 250° C.,
or 300° C. and typically no greater than 350° C. or 400° C.
In some embodiments, the siloxane copolymer has a Tg of
at least 50° C., 75° C., 100° C., 125° C., or 150° C. and
typically no greater than 175° C. or 200° C. Unless specified
otherwise, thermal properties can be determined by Differ-
ential Scanning calorimetry (DSC).

[0080] In some embodiments, the repellent surface can be
prepared by providing a repellent surface layer on a spray
application system component (e.g. liquid reservoir, liner,
lid) formed by application of an organic solvent-coating
composition comprising siloxane material such as a poly-
carbonate-siloxane copolymer to a spray application system
component.

[0081] Various organic polymeric binders can be utilized.
Although fluorinated organic polymeric binders can also be
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utilized, fluorinated organic polymeric binders are typically
considerably more expensive than non-fluorinated binders.
Further, non-fluorinated organic polymeric binders can
exhibit better adhesion to polymeric components (e.g. res-
ervoir, liner, or lid) of the spray application system.
[0082] Suitable non-fluorinated binders include for
example polystyrene, atactic and syndiotactic polystyrene,
acrylic (i.e. poly(meth)acrylate), polyester, polyurethane (in-
cluding polyester type thermoplastic polyurethanes “TPU”),
polyolefin (e.g. polyethylene), and polyvinyl chloride. Many
of the polymeric materials that the component (e.g. reser-
voir, liner, or lid) of the spray application system can be
thermally processed from, as will subsequently be described,
can be used as the non-fluorinated organic polymeric binder
of an (e.g. organic solvent) coating composition. However,
in typical embodiments, the non-fluorinated organic poly-
meric binder is a different material than the polymeric
material of the component. In some embodiments, the
organic polymeric binder typically has a receding contact
angle with water of less than 90, 80, or 70 degrees. Thus, the
binder is typically not a siloxane (e.g. PDMS) material.
[0083] In some embodiments, the (e.g. non-fluorinated)
organic polymeric binder is a film-grade resin, having a
relatively high molecular weight. Film-grade resins can be
more durable and less soluble in an organic solvent that may
be present in the liquid (e.g. paint) being repelled. In other
embodiments, the (e.g. non-fluorinated) organic polymeric
binder can be a lower molecular weight film-forming resin.
Film-forming resins can be more compliant and less likely
to affect the collapsibility of a liquid (e.g. paint) reservoir or
liner. Viscosity and melt flow index are indicative of the
molecular weight. Mixtures of (e.g. non-fluorinated) organic
polymeric binder can also be used.

[0084] In some embodiments, the film-grade (e.g. non-
fluorinated) organic polymeric binder typically has a melt
flow index of atleast 1, 1.5, 2, 2.5, 3, 4, or 5 g/10 min at 200°
C./5 kg ranging up to 20, 25, or 30 g/10 min at 200° C./5 kg.
The melt flow index can be determined according to ASTM
D-1238. The tensile strength of the (e.g. non-fluorinated)
organic polymeric binder is typically at least 40, 45, 50, 55,
or 60 MPa. Further, the (e.g. non-fluorinated) organic poly-
meric binder can have a low elongation at break of less than
10% or 5%. The tensile and elongation properties can be
measured according to ASTM D-638. Such film-grade (e.g.
non-fluorinated) organic polymeric binders just described
can also be suitable for use as a thermally processible
polymer of the spray application system component (e.g.
reservoir, liner, lid).

[0085] In other embodiments, the (e.g. non-fluorinated)
organic polymeric binders have a lower molecular weight
and lower tensile strength than film-grade polymers. In one
embodiment, the melt viscosity of the (e.g. non-fluorinated)
organic polymeric binders (as measured by ASTM D-1084-
88) at 400° F. (204° C.) ranges from about 50,000 to 100,000
cps. In another embodiment, the molecular weight (Mw) of
the (e.g. non-fluorinated) organic polymeric binder is typi-
cally at least about 1000, 2000, 3000, 4000, or 5000 g/mole
ranging up to 10,000; 25,000; 50,000; 75,000; 100,000;
200,000; 300,000; 400,000, or 500,000 g/mole. In some
embodiments, the (e.g. non-fluorinated) organic polymeric
binder has a tensile strength of at least 5, 10, or 15 MPa
ranging up to 25, 30 or 35 MPa. In other embodiments, the
(e.g. non-fluorinated) organic polymeric binder has a tensile
strength of at least 40, 45, or 50 MPa ranging up to 75 or 100
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MPa. In some embodiments, the (e.g. non-fluorinated)
organic polymeric binder has an elongation at break ranging
up to 25, 50, 100, 200, 300, 400, 500, 600, 700, 800, 900 or
1000% or higher. In some embodiments, the (e.g. non-
fluorinated) organic polymeric binder has a Shore A hard-
ness of at least 50, 60, 70, or 80 ranging up to 100.
[0086] In some embodiments, the (e.g. non-fluorinated)
organic polymeric binder is selected such that it is (e.g.
mechanically) compliant at the use temperature of the coated
substrate or article.

[0087] In this embodiment, the (e.g. non-fluorinated)
organic polymeric binder has a glass transition temperature
(Tg) as can be measured by DSC of less than 0° C. or 32°
F. In some embodiments, the (e.g. non-fluorinated) organic
polymeric binder has a glass transition temperature (Tg) of
less than 20° F., 10° F., 0° F,, -10° F,, =20° F., -30° F., -40°
F., =50° F.,, -60° F., =70° F., or —=80° F. In some embodi-
ments, the (e.g. non-fluorinated) organic polymeric binder
has a Tg of at least —130° C. The selection of (e.g. non-
fluorinated) organic polymeric binder can contribute to the
durability of the repellent surface.

[0088] In typical embodiments, the non-fluorinated
organic polymeric binder typically does not form a chemical
(e.g. covalent) bond with the siloxane (e.g. PDMS) material
as this may hinder the migration of the siloxane (e.g. PDMS)
material to the outermost surface layer.

[0089] In some embodiments, the (e.g. non-fluorinated)
organic polymeric binder is not curable, such as in the case
of alkyd resins. An alkyd resin is a polyester modified by the
addition of fatty acids and other components. They are
derived from polyols and a dicarboxylic acid or carboxylic
acid anhydride. Alkyds are the most common resin or
“binder” of most commercial “oil-based” paints and coat-
ings.

[0090] In some embodiments, the selection of the non-
fluorinated polymeric binder can affect the concentration of
siloxane (e.g. PDMS) material that provides the desired
liquid (e.g. paint) repellency properties.

[0091] The siloxane (e.g. PDMS) polymers or composi-
tions comprising a siloxane (e.g. PDMS) material and a
non-fluorinated organic polymeric binder can be dissolved,
suspended, or dispersed in a variety of organic solvents to
form coating compositions suitable for use in coating the
compositions onto a substrate or component of a spray
application system. The organic coating compositions typi-
cally contain at least about 85%, 86%, 87%, 88%, 89%,
90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%
organic solvent or greater, based on the weight of the coating
composition. The coating compositions typically contain at
least about 0.01%, 0.1%, 0.5%, 1%, 2%, 3%, 4%, 5%, 6%,
7%, 8%, 9%, 10%, 15% or greater solids of (e.g. non-
fluorinated) organic polymeric binder and siloxane (e.g.
PDMS) material, based on the total weight of the coating
composition. However, the coating composition can be
provided as a concentrate with an even higher amount of
solids, e.g. 20, 30, 40, or 50 wt.-% solids. Suitable solvents
include for example alcohols, esters, glycol ethers, amides,
ketones, hydrocarbons, chlorohydrocarbons, hydrofluoro-
carbons, hydrofluoroethers, chlorocarbons, and mixtures
thereof. In some embodiments, the coating composition is an
aqueous suspension, emulsion, or solution comprising at
least 50 wt.-% or greater water and an organic cosolvent.
[0092] In one embodiment, the coating composition may
contain 5 wt.-% of low density polyethylene binder (such as
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the NA217000 LDPE or Marflex 1122 LDPE described in
the forthcoming examples) dissolved is 95 wt.-% or organic
solvent, such as xylene, toluene, or dichloroethylene. The
coating composition may further contain 3 wt.-% of siloxane
material (such as SMA described in the forthcoming
examples). Other concentrations of binder and siloxane
material can be utilized provided the desired liquid repel-
lency properties are attained.

[0093] The coating compositions may contain one or more
additives provided the inclusion of such does not detract
from the liquid (e.g. paint) repellent properties.

[0094] The coating compositions can be applied to a
substrate or component by standard methods such as, for
example, spraying, padding, dipping, roll coating, brushing,
or exhaustion (optionally followed by the drying of the
treated substrate to remove any remaining water or organic
solvent). The substrate can be in the form of sheet articles
that can be subsequently thermally formed into a liquid (e.g.
paint) reservoir, liner or lid. When coating flat substrates of
appropriate size, knife-coating or bar-coating may be used to
ensure uniform coatings of the substrate.

[0095] The moisture content of the organic coating com-
position is preferably less than 1000, 500, 250, 100, or 50
ppm. In some embodiments, the coating composition is
applied to the substrate at a low relative humidity, e.g. of less
than 40%, 30%, or 20% at 25° C.

[0096] The coating compositions can be applied at an
amount sufficient to achieve the desired repellency proper-
ties. Coatings as thin as 250, 300, 350, 400, 450, or 500 nm
ranging up to 1, 1.5, 2, 2.5, 3, 3.5, 4, 4.5 or 5 microns can
provide the desired repellency. However, thicker coatings
(e.g., up to about 10, 15, 20 microns or more) can also be
used. Thicker coatings can be obtained by applying to the
substrate a single thicker layer of a coating composition that
contains a relatively high concentration of solids. Thicker
coatings can also be obtained by applying successive layers
to the substrate.

[0097] In another embodiment, the siloxane (e.g. PDMS)
material can be combined with a thermally processible (e.g.
thermoplastic) polymer and then melt processed into a
surface layer, substrate, or component such as a liquid (e.g.
paint) repellent reservoir, liner or lid. In this embodiment,
the siloxane (e.g. PDMS) material typically migrates to the
surface forming a surface layer with a high concentration of
siloxane material relative to the total amount of siloxane
material and thermally processible polymer.

[0098] In typical embodiments, the amount of siloxane
(e.g. PDMS) material (melt additive) is at least about 0.05,
0.1, 0.25, 0.5, 1.5, 2.0 or 2.5 wt.-% and in some embodi-
ments, at least about 3.0, 3.5, 4.0, 4.5 or 5 wt.-%. The
amount of siloxane material is typically no greater than 25,
20, 15, or 10 wt.-% of the sum of the siloxane (e.g. PDMS)
material (melt additive) and thermally processible polymer.
[0099] To form a polymer blend by melt processing, the
siloxane material can be, for example, mixed with pellet-
ized, granular, powdered or other forms of the thermally
processible polymer and then melt processed by known
methods such as, for example, molding or melt extrusion.
The siloxane (e.g. PDMS) material can be mixed directly
with the thermally processible polymer or it can be mixed
with the (thermally processible) polymer in the form of a
“master batch™ (concentrate) of the siloxane (e.g. PDMS)
material in the (same or similar) polymer as the thermally
processible polymer. If desired, an organic solution of the

May 2, 2019

siloxane (e.g. PDMS) material can be mixed with powdered
or pelletized polymer, followed by drying (to remove sol-
vent) and then melt processing. Alternatively, the siloxane
(e.g. PDMS) composition can be added to the polymer melt
to form a mixture or injected into a molten polymer stream
to form a blend immediately prior to extrusion or molding
into articles.

[0100] In some embodiments, the melt processible (e.g.
thermoplastic) polymer is a polyolefin, polyester, poly-
amide, polyurethane, polycarbonate, polystyrene, poly(alkyl
acrylate), or polyacrylate. The thermoplastic polymer pref-
erably is a polyolefin, mixture or blend of one or more
polyolefins, a polyolefin copolymer, mixture of polyolefin
copolymers, or a mixture of at least one polyolefin and at
least one polyolefin copolymer.

[0101] The thermoplastic polymer is more preferably a
polyolefin polymer or copolymer wherein the polymer unit
or copolymer unit is ethylene, propylene, butylene, hexene
or mixtures thereof. Thus the polyolefin is preferably poly-
propylene, polyethylene, polybutylene, polyhexylene or a
blend or copolymer thereof. Oher polyolefins include poly-
a-olefins, and copolymers thereof, including low density
polyethylene (LDPE), high density polyethylene (HDPE),
linear low density polyethylene (LLDPE), ultra-high density
polyethylene (UHDPE), and polyethylene-polypropylene
copolymers, as well as polyolefin copolymers having non-
olefin content (that is, content derived from monomers that
are not olefins). The non-olefin content of polyolefin poly-
mers employed in some embodiments is not particularly
limited, but includes, for example, 1-5 wt % of acrylic acid,
or methacrylic acid functionality, including sodium, zinc, or
calcium salts of the acid functionality; 1-5 wt % of an
anhydride functionality, such as maleic anhydride, or the
corresponding ring-opened carboxylate functionality; and
the like. In some embodiments, blends of polyolefins con-
taining non-polyolefin content are blended at various ratios
with polyolefins in order to provide a targeted level of
non-olefin content.

[0102] In one embodiment, the thermoplastic polymer is
polyethylene having a melting point ranging from 90-140°
C. such as available from Chevron Phillips under the trade
designation “MarFlex 1122 Polyethylene”.

[0103] The siloxane melt additives are generally a solid at
room temperature (e.g. 25° C.) and at the use temperature of
the spray application system component, which commonly
ranges from 40° F. to 120° F. The siloxane (e.g. PDMS)
material and thermally processible polymer are selected
such that the siloxane material is typically molten at the melt
processing temperature of the mixture. In some embodi-
ments, the siloxane material has a melt temperature no
greater than 200, 190, 180, 170, or 160° C. In other
embodiments, the melt temperature may be higher.

[0104] The melt processible polymer of the repellent sur-
face and/or component (e.g. reservoir, liner, lid) may further
contain non-siloxane slip agents, anti-blocks (e.g. silica,
talc) antioxidants, tints, antistatic agents, light stabilizers,
clarifiers, nucleating agents, and other additives known in
the art. Clarifiers typically increase the clarity by reducing
the size of the spherulites. Smaller spherulites allow more
light through the polymer, which decreases the haze of the
part. Unlike nucleating agents, clarifiers are transparent,
which also helps to decrease haze values.

[0105] Extrusion can be used to form polymeric films. In
film applications, a film forming polymer is simultaneously
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melted and mixed as it is conveyed through the extruder by
a rotating screw or screws and then is forced out through a
slot or flat die, for example, where the film is quenched by
a variety of techniques known to those skilled in the art. The
films optionally are oriented (after being cast) prior to
quenching by drawing or stretching the film at elevated
temperatures in the machine and/or transverse directions
simultaneously or sequentially.

[0106] Molded articles are produced by pressing or by
injecting molten polymer from a melt extruder as described
above into a mold where the polymer solidifies. Typical melt
forming techniques include injection molding, blow mold-
ing, compression molding and extrusion, and are well
known to those skilled in the art. The molded article is then
ejected from the mold and optionally heat-treated to effect
migration of the polymer additives to the surface of the
article.

[0107] Insome embodiments, a molded component with a
liquid-repellent surface may be made using molding pro-
cesses (e.g. co-injection molding or bi-injection molding) in
which two different resins are injected into a mold through
the same gate or different gates to form an integral liquid-
repellent skin layer over a core layer in a single molding
process. For example, the first of the two resins could be a
polyolefin, and the second of the two resins could be a
polyolefin to which a neat melt additive or melt additive
masterbatch has been added.

[0108] After melt processing, an annealing step can be
carried out to enhance the development of repellent charac-
teristics. The annealing step typically is conducted below or
above the melt temperature of the polymer for a sufficient
period of time. The annealing step can be optional.

[0109] The repellent surface layer described herein can be
provided on a wide variety of organic or inorganic compo-
nents.

[0110] In some embodiments, different components are
coated with different solid materials. In other embodiments,
the surface of one portion of a component can comprise one
type of a solid liquid (e.g. paint) repellent material and
another surface portion can comprise a different type of solid
material. Likewise, the surface of one portion of a compo-
nent can comprise one type of a solid liquid (e.g. paint)
repellent material and another surface portion can comprise
a different liquid (e.g. paint) repellent material.

[0111] In typical embodiments, the entire surface of the
component (e.g. reservoir, liner or lid) of the spray appli-
cation system that normally comes in contact with a liquid
(e.g. paint) comprises a liquid (e.g. paint) repellent surface
as described herein. In other embodiments, only a portion of
the surface of the component (e.g. reservoir, liner or lid) of
the spray application system that normally comes in contact
with a liquid (e.g. paint) comprises a liquid (e.g. paint)
repellent surface as described herein. This latter embodi-
ment is still beneficial relative to components lacking a
liquid (e.g. paint) repellent surface.

[0112] Suitable polymeric materials for components
include, but are not limited to, polyesters (e.g., polyethylene
terephthalate or polybutylene terephthalate), polycarbon-
ates, acrylonitrile butadiene styrene (ABS) copolymers, poly
(meth)acrylates (e.g., polymethylmethacrylate, or copoly-
mers of various (meth)acrylates), polystyrenes,
polysulfones, polyether sulfones, epoxy polymers (e.g.,
homopolymers or epoxy addition polymers with
polydiamines or polydithiols), polyolefins (e.g., polyethyl-
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ene and copolymers thereof or polypropylene and copoly-
mers thereof), polyvinyl chlorides, polyurethanes, fluori-
nated polymers, cellulosic materials, derivatives thereof, and
the like.

[0113] In some embodiments, where increased transmis-
sivity is desired, the polymeric component can be transpar-
ent. The term “transparent” means transmitting at least 85
percent, at least 90 percent, or at least 95 percent of incident
light in the visible spectrum (wavelengths in the range of
400 to 700 nanometers). Transparent components may be
colored or colorless.

[0114] Suitable inorganic substrates include metals and
siliceous materials such as glass. Suitable metals include, for
example, pure metals, metal alloys, metal oxides, and other
metal compounds. Examples of metals include, but are not
limited to, chromium, iron, aluminum, silver, gold, copper,
nickel, zinc, cobalt, tin, steel (e.g., stainless steel or carbon
steel), brass, oxides thereof, alloys thereof, and mixtures
thereof.

[0115] The siloxane materials described herein can render
the coated surface hydrophobic. The terms “hydrophobic”
and “hydrophobicity” refer to a surface on which drops of
water or aqueous liquid exhibit an advancing and/or reced-
ing water contact angle of at least 50 degrees, at least 60
degrees, at least 70 degrees, at least 80 degrees, at least 90
degrees, at least 95 degrees, or at least 100 degrees.
[0116] In some embodiments, the advancing and/or reced-
ing contact angle of the repellent surface of the substrate or
component with water may increase, relative to the substrate
or component lacking a liquid (e.g. paint) repellent surface,
by at least 10, 15, 20, 25, 30, 35, 40 degrees. In some
embodiments, the receding contact angle with water may
increase by at least 45, 50, 55, 60, or 65 degrees.

[0117] Insome embodiments, the (e.g. siloxane) materials
described herein, provide a surface that exhibits an advanc-
ing and/or receding contact angle with water of at least 105,
110, or 115 degrees. The advancing and/or receding contact
angle with water is typically no greater than 135, 134, 133,
132, 131, or 130 degrees and in some embodiments, no
greater than 129, 128, 127, 126, 125, 124, 123, 122, 121, or
120 degrees. The difference between the advancing and/or
receding contact angles (contact angle hysteresis (“CAH”))
with water of the liquid repellent surface layer can be at least
5,10, 15, 20, 25, 30, 35, 40, 45, or 50 degrees. Favorably the
difference between the advancing and receding contact angle
with water of the surface treated hydrophobic lubricant
impregnated porous surface, as well as the other (e.g. solid)
materials described herein is no greater than 15, 14, 13, 12,
11, 10,9, 8,7, 6, 5, 4, 3, 2, or 1 degree. As the difference
between the advancing and/or receding contact angle with
water increases, the tilt angle needed to slide or roll off a
(e.g. water or paint) droplet from a planar surface increases.
One of ordinary skill appreciates that deionized water is
utilized when determining contact angles with water.
[0118] The contact angle of the liquid (e.g. paint) repellent
surface of the substrate or component can also be evaluated
with other liquids instead of water. For example, since
paints, such as water-based automobile paints, often com-
prise 2-n-butoxyethanol, the contact angle of the liquid (e.g.
paint) repellent surface with a solution of 10% by weight
2-n-butoxyethanol and 90% by weight deionized water can
also be of importance. In some embodiments, the advancing
contact angle with such 2-n-butoxyethanol solution is at
least 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59,
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60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70 degrees and in some
embodiments at least 75 or 80 degrees. In some embodi-
ments, the receding contact angle with such 2-n-butoxyetha-
nol solution is at least 35, 36, 37, 38, 39, 40, 41, 42, 43, 44,
45, 46, 47, 48, 49, 50, 55, 60, 65, or 70 degrees. In some
embodiments, the advancing and/or receding contact angle
of the liquid (e.g. paint) repellent surface of the substrate or
component with a solution of 10% by weight 2-n-butoxy-
ethanol and 90% by weight deionized water is no greater
than 100, 95, 90, 85, 80, or 75 degrees.

[0119] In another embodiment, the contact angle of the
liquid (e.g. paint) repellent surface of the substrate or
component with hexadecane is at least 45, 46, 47, 48, 49, 50,
55, 60, 65, 70, or 75 degrees. The advancing contact angle
with hexadecane is typically at least 45, 50, 55, 60, 65, 70,
75, 80, or 84 degrees. In typical embodiments, the receding
or advancing contact angle with hexadecane is no greater
than 85 or 80 degrees.

[0120] The (e.g. siloxane) materials described herein can
be used to impart or enhance (e.g. aqueous) liquid repellency
of a variety of substrates.

[0121] The term “aqueous” means a liquid medium that
contains at least 50, 55, 60, 65, or 70 wt-% of water. The
liquid medium may contain a higher amount of water such
as at least 75, 80, 85, 90, 95, 96, 97, 98, 99, or 100 wt.-%
water. The liquid medium may comprise a mixture of water
and one or more water-soluble organic cosolvent(s), in
amounts such that the aqueous liquid medium forms a single
phase. Examples of water-soluble organic cosolvents
include for example methanol, ethanol, isopropanol,
2-methoxyethanol, (2-methoxymethylethoxy)propanol,
3-methoxypropanol, 1-methoxy-2-propanol, 2-butoxyetha-
nol, ethylene glycol, ethylene glycol mono-2-ethylhexyle-
ther, tetrahydrofuran,  2,2,4-trimethyl-1,3-pentanediol
monoisobutyrate, tetraethylene glycol di(2-ethylhexoate),
2-ethylhexylbenzoate, and ketone or ester solvents. The
amount of organic cosolvent does not exceed 50 wt-% of the
total liquids of the coating composition. In some embodi-
ments, the amount of organic cosolvent does not exceed 45,
40, 35, 30, 25, 20, 15, 10 or 5 wt.-% organic cosolvent. Thus,
the term aqueous includes (e.g. distilled) water as well as
water-based solutions and dispersions such as paint.
[0122] In some embodiments, the aqueous (e.g. paint)
“ready to spray” dispersions, e.g. paint, described herein
may comprise at least 5, 10, or 15 wt.-% solids with the
remainder being aqueous liquid medium. In some embodi-
ments, the aqueous (e.g. paint) “ready to spray” dispersions,
e.g. paint, described herein may comprise at least 20, 25, 30,
or 35 wt.-% solids with the remainder being aqueous liquid
medium. Further, in some embodiments, the aqueous (e.g.
paint) dispersions may be a concentrate comprising at least
40, 45, 50, 55, 60, 65, 70, 75, 80, or 85 wt.-% solids with the
remainder being aqueous liquid medium. Such concentrates
are generally diluted to prepare an aqueous (e.g. paint)
“ready to spray” dispersion.

[0123] In some embodiments, the (e.g. solid) materials
described herein can impart a degree of aqueous liquid
repellency such that no greater than 40%, 35%, 30%, 25%,
20%, 15%, 10%, 5%, or 1% of the repellent surface area
comprises an aqueous test liquid, such as paint, after use of
the spray application system or after holding the repellent
surface vertically for a specified duration of time (e.g. 30
seconds-5 minutes or 30 minutes) and visually determining
(in the absence of a microscope) the amount of aqueous
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liquid (e.g. paint). In some embodiments, polypropylene
glycol (400 Mw), butoxyethanol, or a 50 wt. % aqueous
solution of butoxyethanol can be used as a test liquid.
[0124] In some embodiments, the porous layer impreg-
nated lubricant, as well as the other (e.g. solid) materials
described herein can impart a degree of liquid repellency
such that the mass of retained aqueous liquid (e.g. paint) is
no greater than 0.01 g/cm?, 0.005 g/cm?, 0.001 g/cm?, or
0.0005 g/cm®. In some embodiments, polypropylene glycol
(400 Mw), butoxyethanol, or a 50 wt. % aqueous solution of
butoxyethanol can be used as a test liquid.

[0125] The paint repellency can be evaluated according to
any one or combination of test methods described herein
utilizing a test paint. Various aqueous-based automotive
paints were found to be repelled by the surfaces described
herein such as PPG ENVIROBASE HIGH PERFOR-
MANCE T409, SIKKENS AUTOWAVE, SPIES HECKER
PERMAHYD HI-TEC BASE COAT 480, and GLASURIT
ADJUSTING BASE 93-E3. Unless specified otherwise, the
test paint for determining paint repellency according to the
test methods described herein was PPG Envirobase auto-
mobile paint mixed to specification containing 90 weight %
ENVIROBASE HIGH PERFORMANCE T409 DEEP
BLACK and 10 weight % ENVIROBASE HIGH PERFOR-
MANCE T494 PAINT THINNER, available from PPG
Industries, Pittsburgh Pa. or available from 3M, St. Paul,
Minn.

[0126] The liquid (e.g. paint) repellent surface is prefer-
ably durable such that the liquid (e.g. paint) repellency is
retained for a sufficient amount of time (e.g. the normal
duration of time a (e.g. disposable) liquid (e.g. paint) res-
ervoir or liner is utilized). In some embodiments, the liquid
(e.g. paint) repellency is retained after surface abrasion
testing (according to the test method described in the
examples). In some embodiments, the liquid (e.g. paint)
repellency may diminish to some extent, yet remains highly
repellent after surface abrasion testing. Thus, after surface
abrasion testing the contact angles or paint repellency meet
(s) the criteria previously described.

[0127] The spray application system described herein can
be utilized to apply an aqueous liquid mixture, such as paint.
[0128] As used herein, the term “paint” refers to a com-
position having an aqueous liquid medium, as previously
described, and a polymeric (e.g. latex) binder dispersed in
the aqueous liquid medium. Common polymeric binders
utilized in paint include acrylic polymers, alkyd polymers,
urethane polymers, epoxy polymers, and combinations
thereof. In some embodiments, the (e.g. base coat) paint may
comprise a combination of acrylic and alkyd polymers. In
other embodiments, the (e.g. clear coat) paint may comprise
hexamethylene isocyanate oligomers and/or cyclohexyl iso-
cyanate oligomers at concentrations ranging from about 20
to 40 wt-% for “ready to spray” compositions.

[0129] In the absence of opacifying pigment(s), such as
titanium dioxide, silica, carbon black, etc. or other colorant
(i.e. pigment or dye other than black or white) the paint may
be characterized as a “clear coat”. Paints that further com-
prise opacifying pigment(s), yet not colored pigments may
be characterized as primers. Further, paints that further
comprise both opacifying pigment(s) and colorant(s) may be
characterized as base coats.

[0130] Whereas clear coats are generally free of opacify-
ing pigments and colorants, primers and base coats typically
comprise at least 10, 15, 20, 25 or 30 wt.-% or greater of
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opacifying pigment(s) such as titanium dioxide. Base coats
further comprise colorants at various concentrations. In
some embodiments, the paint comprises 5 to 25 wt.-% of
colorants.

[0131] The liquid medium may comprise relatively small
concentrations of volatile organic solvents. For example, the
volatile organic content of water-based flat architectural
paint, water-based automobile primer, and water-based clear
coat is typically no greater than 250 grams/liter and in some
embodiments no greater than 200 grams/liter, 150 grams/
liter, 100 grams/liter, or 50 grams/liter. The VOC content
may be higher, ranging from at least 275, 300, or 325
grams/liter up to 500 grams/liter, particularly for automobile
base coat. In some embodiments, the VOC content is no
greater than 450 or 425 grams/liter. Paint referred to as
no-VOC typically may contain 5 grams/liter or less of
volatile organic solvents. As used herein, VOC is any
organic compound having a boiling point less than or equal
to 250° C. measured at a standard atmospheric pressure of
101.3 kPa.

[0132] As the concentration of colored pigment(s)
increases, the concentration of (e.g. volatile) organic sol-
vents present for the purpose of dissolving and dispersing
such colored pigment(s) can also increase. Further, (e.g.
volatile) organic solvents can also be utilized to lower the
viscosity of the paint. Viscosity will vary with the thinner
level chosen. However, in some embodiments, the viscosity
of'the “ready to spray” paint at 20° C. ranges from 50 to 100
cps.

[0133] The paint may comprise water-soluble organic
solvents such as alcohols (e.g. alkylene glycol alkyl ether).
For example, the paint may comprise 2-butoxyethanol (eth-
ylene glycol monobutyl ether), having a boiling point of
171° C. (340° F.); butoxypropan-2-ol (propylene glycol
n-butyl ether), having a boiling point of 171° C. (340° F.);
2-(2-butoxyethoxy)ethanol (diethylene glycol monobutyl
ether), having a boiling point of 230° C. (446° F.); and
combinations thereof. The paint may comprise one or more
of such alcohols at a total concentration of at least 5 wt.-%
ranging up to 10, 15, 20, or 25 wt.-%.

[0134] The paint may further comprise other solvents that
may be characterized as “exempt” solvents, i.e. not causing
the formation of ground level ozone (smog), according to
environmental chemists. Representative examples include
acetone, ethyl acetate, tertiary butyl acetate (TBAc), and
isopropanol.

[0135] When the spray application system described
herein is utilized to apply an aqueous liquid mixture, such as
paint, the method may comprise applying more than one
coat of the same or different paint compositions. For
example, in one embodiment, the method may comprise
applying one or more coats of a primer or sealer. In another
embodiment, the method may comprise applying one or
more coats of a (e.g. colored) base coat. In another embodi-
ment, the method may comprise applying one or more coats
of a clear coat. The method may comprise applying a
combination of primer, sealer, base coat, and/or clear coat.
The method is particularly advantageous for use with (e.g.
automobile) base coats that are substantially more expensive
than primers, sealers and clear coats.

[0136] In some embodiments, 3-4 coats may be applied
(e.g. to an automobile panel) wherein each coat, or in other
words “film build per wet coat” ranges in thickness from
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0.80 to 1.0 mils. Upon drying this can produce a dried film
build ranging from about 0.10 to 0.20 mils.

[0137] In some embodiments, each coat of the method
utilizes an aqueous paint. In other embodiments, at least one
coat may be an organic solvent based paint, i.e. a paint
comprising greater than 50 wt-% organic solvent that may
not form a single phase with water. Organic solvent-based
paints typically do not contain any water. For example,
solvent-based clear coats may contain organic polar and
non-polar solvents such as xylene, acetone, naphtha, alkyl
benzene, toluene, heptan-2-one, and the like at a total
organic solvent concentration ranging from at least 50
wt.-%, or 60 wt.-% up to about 75 wt.-% or greater.

[0138] Inone embodied method, a solvent based clear coat
is applied to a dried water based base coat.

[0139] When the paint comprises organic solvent, the
non-fluorinated polymeric binder and/or siloxane (e.g.
PDMS) material may be selected to exhibit no solubility or
only trace solubility with the organic solvent(s) of the paint,
e.g., a solubility of 0.01 grams/liter or 0.001 grams/liter or
less.

[0140] Alternatively or in combination with having trace
solubility, the non-fluorinated polymeric binder and/or the
siloxane (e.g. PDMS) material may be selected such that it
is compatible with the paint and paint application methods.
The non-fluorinated polymeric binder and/or siloxane (e.g.
PDMS) material may be present in the paint at higher
concentrations, i.e. greater than 0.01 grams/liter, or greater
than 0.1 grams/liter, or greater than 0.25 grams/liter, or
greater than 0.5 grams/liter; yet still be compatible with the
paint and paint application methods. In some embodiments,
non-fluorinated polymeric binder and/or siloxane (e.g.
PDMS) material may function as a paint additive and be
present in the paint at concentrations ranging from about 0.5
grams/liter to 1, 1.5, 2, 2.5, or 3 wt-% of the paint.

[0141] There are various approaches that can be taken to
determine the compatibility of the non-fluorinated poly-
meric binder and/or siloxane (e.g. PDMS) material with the
paint.

[0142] In one approach, when opposing major surface
layers of the dried paint comprise substantially the same
concentration (difference of less than 10, 5 or 1% relative to
the major surface having the higher concentration) of non-
fluorinated polymeric binder and/or siloxane (e.g. PDMS)
material, such materials can be characterized as chemically
compatible with the paint.

[0143] In another approach, the siloxane (e.g. (PDMS)
material may be sufficiently compatible with the paint such
that the presence thereof does not affect the inter-layer
adhesion of a painted substrate. This can be evaluated
according to Standard Test Method for Measuring Adhesion
by Tape Test (ASTM D3359-09). When the cross-hatch
adhesion is substantially the same relative to a control of the
same paint in the absence of the lubricant (or the combina-
tion of lubricant and hydrophobic layer), the presence of the
Iubricant (or the combination of lubricant and hydrophobic
layer) can be characterized as not affecting the inter-layer
adhesion. Typically, 90, 95, or 100% of the paint is retained
after cross-hatch adhesion testing according to ASTM
D3359-09. The non-fluorinated polymeric binder and/or
siloxane (e.g. PDMS) material may be sufficiently compat-
ible with the paint such that the presence thereof does not
affect the inter-layer adhesion of a painted substrate.
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[0144] In yet another approach, the non-fluorinated poly-
meric binder and/or siloxane (e.g. PDMS) material may be
sufficiently compatible with the paint such that the siloxane
(e.g. PDMS) material does not aftect the method of applying
the paint. For example, additional coats of the same paint
can be uniformly applied at a sufficient film build as previ-
ously described. In yet another example, additional coats of
a different paint (e.g. a clear coat applied to a dried base
coat) can be uniformly applied at a sufficient film build as
previously described. Lack of uniformity across the painted
panel or substrate can typically be visually detected by
observing the occurrence of “fisheyes” or other incompat-
ibility-related coating defects while applying the paint and/
or by uneven gloss and/or color that can be measured after
the applied paint has dried.

[0145] The liquid repellent surface (e.g. layer) of the
component (e.g. liquid reservoir, liner, or lid) can be pro-
vided by one of the embodied siloxane materials previously
described or any suitable combination of such siloxane
materials with each other, or any suitable combination of
such siloxane material(s) with the lubricant impregnated
materials and/or fluorinated materials described in WO2016/
069674. Further, one of the components can have a different
embodied material than another component. For example,
the reservoir and/or lid may comprise Lexan™ 1414T;
whereas the liner comprises a thermally processible polymer
and a siloxane copolymer melt additive.

[0146] Unless specified otherwise, the following defini-
tions are applicable to the presently described invention.
[0147] The recitation of any numerical range by endpoints
is meant to include the endpoints of the range, all numbers
within the range, and any narrower range within the stated
range.

[0148] Theterm “a”, “an”, and “the” are used interchange-
ably with “at least one” to mean one or more of the elements
being described.

[0149] The term “and/or” means either or both. For
example, the expression “A and/or B” means A, B, or a
combination of A and B.

[0150] The term “alkylene” refers to a divalent group that
is a radical of an alkane and includes groups that are linear,
branched, cyclic, bicyclic, or a combination thereof. The
alkylene group typically has 1 to 30 carbon atoms. In some
embodiments, the alkylene group has 1 to 20 carbon atoms,
1 to 10 carbon atoms, 1 to 6 carbon atoms, or 1 to 4 carbon
atoms.

[0151] The term “alkoxy” refers to refers to a monovalent
group having an oxy group bonded directly to an alkyl
group.

[0152] The term “aryl” refers to a monovalent group that

is aromatic and carbocyclic. The aryl has at least one
aromatic ring and can have one or more additional carbo-
cyclic rings that are fused to the aromatic ring. Any addi-
tional rings can be unsaturated, partially saturated, or satu-
rated. Aryl groups often have 6 to 20 carbon atoms, 6 to 18
carbon atoms, 6 to 16 carbon atoms, 6 to 12 carbon atoms,
or 6 to 10 carbon atoms.

[0153] The term “fluorinated” refers to a group or com-
pound that contains at least one fluorine atom attached to a
carbon atom. Perfluorinated groups, in which there are no
carbon-hydrogen bonds, are a subset of fluorinated groups.
[0154] Objects and advantages of this invention are further
illustrated by the following examples, but the particular
materials and amounts thereof recited in these examples, as
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well as other conditions and details, should not be construed
to unduly limit this invention.

Test Methods

[0155] IR data was obtained using a Nicolet 6700 Series
FT-IR spectrometer (Thermo Scientific, Waltham, Mass.).

Method for Contact Angle Measurements

[0156] Water contact angles were measured using a Ramé-
Hart goniometer (Ramé-Hart Instrument Co., Succasunna,
N.J.). Advancing (6,,,) and receding (0,,.) angles were
measured as water was supplied via a syringe into or out of
sessile droplets (drop volume~5 pl.). Measurements were
taken at 2 different spots on each surface, and the reported
measurements are the averages of the four values for each
sample (a left-side and right-side measurement for each
drop).

[0157] Contact angles were also evaluated in the same
manner using a 90/10 by wt. mixture of water/butoxyethanol
instead of water.

Test Method 1 for Paint Repellency Evaluation

[0158] Test surfaces were submerged in the PPG Envi-
robase paint and allowed to sit overnight. The test substrates
were then removed from the paint and held vertically for 5
min to allow the paint to potentially flow off of the coating.
The fraction (expressed as a percentage) of the surface that
was still covered by paint was estimated by visual inspec-
tion.

Test Method 2 for Paint Repellency Evaluation—

[0159] Sample components or pieces thereof measuring
approximately 4 cmx4 cm having a liquid repellent surface
can be prepared as described below and the initial masses
measured. The PPG Envirobase paint was pipetted onto
these film pieces until the entire surface was covered with
paint. The painted film samples were then turned vertically
for 5 minutes to allow paint to drain off of the surface. The
masses of the drained film pieces were measured to deter-
mine the mass of paint residue remaining on the surface. The
drained pieces were also visually inspected to estimate the
fraction (expressed as a percentage) of the film surface that
remains coated by the paint.

Test Method 3 for Paint Repellency Evaluation:

[0160] 70 g of PPG Envirobase automotive paint was
poured into the liner having the repellent interior surface and
a comparative liner (CE. F) that was the same liner without
the repellent interior surface. The liners were manually
shaken and rotated to ensure that the paint contacted all of
the container side walls. The paint was then poured out of
the liners, and the liners were placed upside down for 5
minutes (liner with repellent interior) or other specified
period of time to allow more of the paint to drain. The liners
were each reweighed and the mass of retained paint was
calculated.

Test Method 4 for Paint Repellency Evaluation:

[0161] A single drop of the (e.g. PPG Envirobase) paint,
approximately 0.2 ml., was applied at 21° C. to a central
portion of the (e.g. repellent surface of the) sample (7.5 cm
by 5.0 cm coated glass microscope slide). The sample (e.g.
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glass slide) was immediately orientated vertically. If the
paint drop slid down the glass slide, it was denoted “Pass”,
if not “Fail”. In some samples that passed, a thin strip of
paint (<20% the thickness of the initial drop) or a few small
droplets of paint remained on the surface after the paint drop
slid down.

Test Method 5 for Paint Repellency Evaluation:

[0162] The entire non-repellent surface of the sample (i.e.
uncoated side of the 7.5 cm by 5.0 cm glass slide) was
masked with tape, obtained from 3M Company under the
trade designation “SCOTCHBLUE PAINTERS TAPE”. The
sample (glass slide) was then immersed in the (e.g. PPG
Envirobase) paint to a depth of 3.5 cm for 10 minutes at 21°
C. (or in other words about half the coated surface was
immersed). The sample (glass slide) was removed from the
diluted paint, orientated vertically for 30 seconds, and the
masking tape removed. The paint remaining on the
immersed coated surface was then visually estimated and
expressed as percentage of retained paint coverage.

Test Method 6 for Paint Repellency Evaluation:

[0163] A sample of sufficient size (2.8 by 3.2 cm) was
weighed. The entire non-repellent surface of the sample (i.e.
uncoated side) was masked with “SCOTCHBLUE PAINT-
ERS TAPE”. The repellent surface of the sample was
entirely submerged (e.g. 30 g) in the (e.g. PPG Envirobase)
paint for 10 minutes at 21° C. The sample was then removed
from the paint, the masking tape removed, and the sample
orientated vertically by means a binder clip for 1 minute.
The bottom edge of the sample was contacted with a paper
towel to wick away paint that may have pooled along the
bottom edge of the material. The weight of each sample was
again measured and the amount of paint remaining per area
was calculated. The paint remaining on the coated surface
was visually estimated and expressed as percentage of
retained paint coverage.

[0164] Unless specified otherwise, the test paint for deter-
mining paint repellency according to the test methods
described herein was PPG Envirobase automobile paint
mixed to specification containing 90 weight % ENVI-
ROBASE HIGH PERFORMANCE T409 DEEP BLACK
and 10 weight % ENVIROBASE HIGH PERFORMANCE
T494 PAINT THINNER, available from PPG Industries,
Pittsburgh Pa. or available from 3M, St. Paul, Minn.

Example 100 (EX100)—Preparation of Film with
Siloxane Melt Additive

[0165] A siloxane melt additive (alkyl dimethicone) was
synthesized as described in Example 14 of U.S. Pat. No.
9,187,678, (SMA). The alkyl dimethicone was compounded
into NA217000 LDPE (Lyondell Basell, Houston, Tex.) at a
loading of 15 wt. % using a 25 mm twin screw extruder held
at 190° C. The alkyl dimethicone was delivered to the
extruder as a liquid at 120° C. by means of a heated gear
pump and transfer line. The masterbatch melt was extruded
through a stranding die into a chilled water bath and pellet-
ized at a rate of 13.6 Kg/hour.

[0166] These 15 wt. % alkyl dimethicone masterbatch
pellets were then admixed with NA217000 LDPE pellets at
a ratio which yielded a pellet mixture comprising 3 wt. %
alkyl dimethicone in LDPE. This 3 wt % alkyl dimethicone
mixture was extrusion coated sequentially onto both sides of

May 2, 2019

2 mil thick PET film (primed on both sides, 3M Company)
using the following procedure. The pellet blend was fed, via
a single feed hopper, at a rate of 20 lbs/hr into an extruder
and die operating at a temperature of 500° F. The composite
extrudate exited the drop die opening and traveled approxi-
mately 10 cm to a nip where the composite was contacted
with the primed PET and solidified through a two roll nip
equipped with a rubber and a steel roller. The alkyl dime-
thicone/L.DPE layer contacted a smooth chilled steel roll
which was used to accelerate the solidification of the layers.
The line speed was 50 ft/min, yielding an extruded layer
thickness of 1 mil. The final film construction consisted of
a 2 mil thick PET film sandwiched between 1 mil thick
layers comprising 3 wt. % alkyl dimethicone in LDPE.

[0167] The paint repellency of EX100 was also evaluated
according to Test Method 2 as previously described. The
results were as follows:

Mass Paint on Percentage of Surface

Example Surface (g/cm?) Coated with Paint
EX100 0.00074 5%
[0168] The paint repellency of EX100 was also evaluated

according to Test Method 6 as previously described using a
4 cmx4 cm sample size. The results were as follows:

Mass Paint on
Surface (g/cm?)

Percentage of Surface

Example Coated with Paint

EX100 0.0035 15%

Surface Abrasion Test

[0169] A sample of sufficient size (e.g., 6 cm by 2 cm) was
prepared and mounted on a Taber Abraser (Taber Industries
5750 Linear Abraser). A crockmeter square (AATC Crock-
meter Square from Testfabrics, Inc.) was attached to the
abraser head by means of a rubber band. No additional
weights were placed on top of the abraser head. The cycle
speed was set to 15 cycles/min, and each substrate was
subjected to 2 abrasion cycles (or in other words the abraser
head passed back and forth twice).

[0170] Contact angles with a solution containing 10% by
weight of 2-n-butoxyethanol and 90% by weight deionized
water and paint repellency were tested after being subjected
to this surface abrasion.

10% (by wt.) aqueous
2-n-butoxyethanol Contact

Angles After Abrasion Paint Repellency

CAH After Abrasion
Example 0,40 0,00 0,4y — 0,e0) Test Method 4
EX100 53 45 8 Pass
[0171] The repellency of EX100 after abrasion was also

evaluated by measuring the contact angles with water as
previously described. The results were as follows:
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Water Contact Angles After Abrasion

CAH
Example Ouav Orec By = Orec)

EX100 109 99 10

[0172] The paint repellency of EX100 after abrasion was
also evaluated according to Test Method 2 with the PPG
paint as previously described, except 2.2 cmx3.2 cm sub-
strates were used in place of 4 cmx4 cm samples. The results
were as follows:

Mass Paint on
Surface (g/cm?)

Fraction of Surface
Coated with Paint

Example After Abrasion After Abrasion
EX100 0.00040 <5%
[0173] The paint repellency of EX100 after abrasion were

also evaluated according to Test Method 6 with PPG paint
as previously described, except 2.2 cmx3.2 cm substrates
were used in place of 4 cmx4 cm samples. The results were
as follows:

Mass Paint on Fraction of Surface

Example Surface (g/cm?) Coated with Paint
EX100 0.0018 10%
Materials
[0174]
Material
Designation Description Obtained from
NA217000 NA217000 low density Lyondell Basell,
LDPE polyethylene Houston, TX
Marflex 1122 Marflex 1122 low density ~ Chevron Phillips, The
LDPE polyethylene Woodlands, TX
butoxyethanol 2-n-butoxyethanol Alfa Aesar, Ward Hill,
MA

UHMW Siloxane Dow Corning ® MB50-002 Dow Corning, Midland,
ultra high molecular weight MI
siloxane dispersed in low
density polyethylene

IPA isopropanol BDH Chemicals/VWR,
Radnor, PA

NMP n-methyl-2-pyrrolidone TCI America, Portland,
OR

Lexan ™ 1414T  Lexan ™ EX1.1414T
polycarbonate-siloxane

copolymer

Saudi Arabia Basic
Industries Corporation
(SABIC), Riyadh, Saudi
Arabia

thermoformed low density 3M

polyethylene (400 ml)

PPS ™ liners

Preparation of Additional Examples with Siloxane Melt
Additive

[0175] Two cast web films with an overall film thickness
of ~40 mils—PE101 and PE102—were produced using the
SMA/NA217000 masterbatch. Both films comprised 3 lay-
ers of approximately equal thicknesses (~13.3 mils per layer,
total thickness about 40 mils). For PE101, all layers were
produced by mixing pellets of the aforementioned master-
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batch with pellets of NA217000 LDPE such that the com-
position of each layer comprised 97/3 (by wt) NA217000/
SMA. The outer (A or air-side) layer was produced by
extruding the 97/3 LDPE/SMA mixture through a 27 mm
twin screw extruder through a neck tube and gear pump into
the top layer of the 3 layer feed block and die. This melt train
used a progressive temperature extrusion profile, with peak
temperatures of ~250° C. The middle (B) layer was pro-
duced by extruding the 97/3 LDPE/SMA mixture through a
27 mm twin screw extruder with a progressive temperature
profile peaking at or around 275-280° C. through a neck tube
and gear pump into the middle layer of the feed block and
die. The bottom (C or wheel side) layer was produced by
extruding the 97/3 LDPE/SMA mixture through a 25 mm
twin screw extruder through a neck tube and gear pump into
the bottom layer of the feed block and die. Once again, a
progressive temp profile was used with peak temperatures of
280 to 285° C. The feedblock/die was held at a target temp
ot 270 to 275° C. while the casting wheel was run at about
80-85° C. Film PE102 was made using essentially identical
processing conditions as PE101, except the composition
varied from layer to layer in this sample. The air-side (A)
and middle (B) layers comprised Marflex 1122 LDPE,
whilst the wheel side (C) layer comprised a mixture of
NA217000/SMA masterbatch and Marflex 1122 such that
the C layer composition was 85/12/3 (by wt) Marflex
1122/NA217000/SMA.

[0176] Both of the 40 mil thick film samples were ther-
moformed into 400 ml PPS™ liners, summarized as follows:

SMA

Example Loading Sample Description
CEl 0 commercial 400 mL PPS ™ liner
EX101 3wt % 3 wt. % SMA in NA217000 LDPE
EX102 3wt % 3 wt. % SMA in NA217000 LDPE/

in ‘skin®  Marflex 1122 LDPE ‘skin,” backed

by Marflex 1122 LDPE
[0177] A polycarbonate-siloxane copolymer coating was

prepared by dissolving 2.5 wt.-% of the indicated polymer in
solvent as described below.

Wt. %
Polycarbonate-
Solvent Siloxane Polycarbonate-Siloxane Polymer(s)
Coating 1 - 80/20 2.5 Lexan ™ 1414T
NMP/IPA
[0178] To prepare Example EX103, the coating solution

was applied to the inside walls of the spray gun paint
container using a pipette as follows: the bottom of a LDPE
PPS™ container was first wet with the coating solution, and
the solvent was allowed to evaporate under ambient condi-
tions. The container was then tilted 90° and a pipette was
used to coat a strip of the interior side wall of the container.
Next, the container was manually rotated to obtain complete
wetting of the entire interior sidewall by the coating solu-
tion. Excess coating solution was drained by flipping the
container upside down, and the solvent was allowed to
evaporate in an oven at 80° C. for 15 minutes (polyethylene
liners). Paint repellency was determined according to Test
Method 3 as follows:
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[0179] Paint containers or spray application system coated
with polycarbonate-siloxane materials.

Coating Identity of Polycarbonate-
Example Base Container Material  Siloxane Polymer(s)
EX103 400 mL Coating 1 Lexan ™ 1414T

polyethylene liner

The paint repellency of the aforementioned containers hav-
ing the repellent interior surfaces and comparative contain-
ers was evaluated according to Test Method 3 as previously
described. The mass of the containers was also measured
after 5, 90, and 180 minutes.

Paint repellency of sample paint containers as quantified
using Test Method 3.

Mass Mass of Paint Retention Mass Per
Empty  Following Drainage Time Surface Area
Liner Specified in Row Below (g) Calculation

Example (g) 5min 90 min 180 min (at t = 90 min, g/cm?)

CE1 5.89 8.72 4.28 3.39 0.015

EX101 5.86 3.53 0.84 0.44 0.004 (80% less
paint retained*)

EX102 5.48 7.61 1.67 1.05 0.006 (61% less
paint retained)

EX103 5.83 8.14 1.64 0.54 0.006 (62% less

paint retained)

*(4.28 - 0.84)/4.28 x 100%

Preparation of LDPE/Ultra High Molecular Weight
(UHMW) Siloxane Film (EX104).

[0180] A film comprising 97.5/2.5 (by wt) LDPE/UHMW
siloxane was produced by adding 9.5 g LDPE (Chevron
Phillips Marflex 1122) and 0.5 g of UHMW siloxane mas-
terbatch (Dow Corning MB 50-002; 50/50 by wt siloxane/
LDPE pellets) into a DSM compounder (DSM Xplore Micro
15 cc Twin Screw Compounder). The compounder was held
constant at 170° C. and the screw speed was set to 40
rpm/10,000 N. After allowing the melted resin to recirculate
and mix in the compounder for 10 minutes, the melt was
extruded through a slotted die and the resultant 28 mm wide,
0.1-0.2 mm thick film was wound onto a 3" fiber core.

Fluid Contact Angles and Paint Repellency of Various Test
Surfaces

[0181] Pieces were cut from the sides of a commercially
available 400 mL PPS™ liner, from the sides of the ther-
moformed SMA-containing liners (EX101 and EX102),
from the sides of the polycarbonate-siloxane coated LDPE
liners (EX103), and from the roll of LDPE/UHMW Siloxane
(EX104). These cut pieces of film were used for contact
angle testing with water and with a solution containing 10%
by weight of 2-n-butoxyethanol and 90% by weight deion-
ized water instead of deionized water. The measured contact
angle data for these samples are provided below, along with
the characterization data for these samples using Paint
Repellency Test Method 4.
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10% (by wt.) aqueous
2-n-butoxyethanol

Water Contact Angles Contact Angles

CAH CAH Paint
Exam- (0,4, — (0,4, — Repellency
ple Oatv O Oc)  Ouzy Gre B Test Method 4
CE1l 105 95 10 51 21 30 Fail
EX101 111 95 16 54 46 8 Pass
EX102 111 99 12 55 46 9 Pass
EX103 107 99 8 54 45 9 Pass
EX104 116 87 29 60 40 20 Pass
[0182] Paint Repellency was also evaluated according to

Test Method 2

Mass Paint on Fraction of Surface

Example Surface (g/cm?) Coated with Paint
CE1l 0.022 ~95%
EX101 0.004 ~15%
EX102 0.006 ~10%
EX103 0.006 ~20%
EX104 0.003 ~25%
[0183] Paint Repellency was also evaluated according to

Test Method 6 as previously described using a 4 cmx4 cm
sample size.

Mass Paint on Fraction of Surface

Example Surface (g/cm?) Coated with Paint
CE1 0.022 ~95%
EX101 0.004 ~15%
EX102 0.006 ~20%
EX103 0.007 ~25%
EX104 0.013 ~60%
[0184] The test surfaces EX1-EX3 and EX5 were sub-

jected to the Surface Abrasion Test. Contact angles with a
solution containing 10% by weight of 2-n-butoxyethanol
and 90% by weight deionized water and paint repellency as
quantified by Test Method 4 were measured after each test
substrate was subjected to this surface abrasion.

10% (by wt.) aqueous
2-n-butoxyethanol Contact

Angles After Abrasion Paint Repellency

CAH Test Method 4
Example 0,40 0,00 0,4y — 0,e0) After Abrasion
EX101 54 44 10 Pass
EX102 53 44 9 Pass
EX103 50 43 7 Pass
EX104 63 38 25 Pass

[0185] The repellency after abrasion were also evaluated
by measuring the contact angles with water as previously
described. The results were as follows:
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Water Contact Angles After Abrasion Results for CE1 Results for EX101
(LDPE) (97/3 LDPE/SMA)
CAH
Example 0,4 0,cc (0,20 — 6,00) Average Average
Average % of Average % of
EX101 108 92 16 Retained  Surface  Retained Surface
EX102 112 96 16 Mass (mg) Covered Mass (mg) Covered
EX103 106 93 13 Test Liquid (g/cm?) by Fluid (g/cm?) by Fluid
EX104 111 81 30
Poly(propylene glycol), 70.7 75 15.5 5
400 Mw (Polysciences (0.0044) (0.00097)
. . Inc., Warrington, PA) -
[0186] Paint Repellency was also evaluated according to 30 minutes ¢ )
Test Method 2, except 2.2 cmx3.2 cm sized samples were Butoxyethanol (100%) - (0.0019) 100 (0.00094) 1
used in place of 4 cmx4 cm samples. 0.5 ml applied and a
30 second drain time
Solution of 50 wt. (0.0018 95 (0.000163 5

Fraction of Surface
Coated with Paint

Mass Paint on
Surface (g/cm?)

Example After Abrasion After Abrasion
EX101 0.003 ~5%
EX102 0.003 ~10%
EX103 0.002 ~5%
EX104 0.005 ~20%

Panel Painting Using Base Coats which had Contacted
Siloxane-Functional Materials

[0187] Two types of experiments were done to ascertain
whether “fish-eyeing” is problematic when waterborne base
coats contact the siloxane-functional surfaces described
herein. The first type of experiment involved pouring a
ready-to-spray paint mixture into the repellent containers of
EX101-EX103. The “ready-to-spray” mixture contained 88
wt. % of ENVIROBASE HIGH PERFORMANCE T407
JET BLACK and 12 weight % ENVIROBASE HIGH
PERFORMANCE T494 PAINT THINNER, available from
PPG Industries.

[0188] These repellent containers were used in conjunc-
tion with industry-standard spray application equipment to
spray PPG Envirobase paint. Once this base coat was dry, a
coat of clearcoat was applied to the panel (the clearcoat was
obtained from PPG Industries, Inc. as the trade designation
EC530 PERFORMANCE CLEARCLOAT). The paint
could be uniformly applied at a sufficient film build. There
was no evidence of “fisheyes” or other incompatibility-
related coating defects while applying the paint and/or by
uneven gloss and/or color.

[0189] The second type of experiment was completed with
the UHMW siloxane material. In this experiment, 6.3 g of
the MB50-002 resin pellets obtained from Dow-Corning
(siloxane content of 50%) and 50 g the ready-to-spray paint
mixture were mixed in a commercial 400 mlL PPS™ liner.
The pellets were soaked in the Envirobase at room tempera-
ture for 7 days, at which point the Envirobase base coat and
EC530 clearcoat were sprayed onto an automotive panel as
described above. The paint could be uniformly applied at a
sufficient film build, and there was no evidence of “fisheyes”
or other incompatibility-related coating defects while apply-
ing the paint and/or by uneven gloss and/or color.

[0190] Some additional test liquids were utilized to evalu-
ated liquid repellency using Test Method 2. The length of
time the sample film was held vertically to allow the liquid
to drain in indicated. The test results are as follows:

% butoxyethanol

and 50 wt. % water -
0.5 ml applied and a
30 second drain time

1. A component of a spray application system, the com-
ponent comprising a liquid repellent surface such that the
receding contact angle with a solution containing 10% by
weight of 2-n-butoxyethanol and 90% by weight deionized
water is at least 35 degrees; wherein the liquid repellent
surface comprises a surface layer comprising a silane or
siloxane material and liquid repellent surface is not a lubri-
cant impregnated surface.

2. The component of claim 1 wherein the liquid repellent
surface comprises a solid liquid repellent material.

3. The component of claim 1 wherein the siloxane mate-
rial comprises at least 50 wt.-% polydimethylsiloxane.

4. The component of claim 1 wherein the siloxane mate-
rial comprises a siloxane backbone and hydrocarbon side
chains averaging at least 8 carbon atoms and no greater than
50 carbon atoms.

5. The component of claim 1 wherein the siloxane mate-
rial comprising polydimethylsiloxane does not comprise
vinyl groups or other groups that form a crosslinked net-
work.

6. (canceled)

7. The component of claim 1 wherein the siloxane mate-
rial has a viscosity at 25° C. of 5,000,000 or 10,000,000
centistokes.

8. (canceled)

9. The component of claim 1 wherein the siloxane mate-
rial is a copolymer comprising less than 50 wt.-% polydim-
ethylsiloxane.

10. The component of claim 9 wherein the siloxane
material is copolymer of polyorganosiloxane and polyolefin
or polycarbonate.

11. The component of claim 1 wherein the liquid repellent
surface is liquid repellent after 2 abrasion cycles at 15
cycles/minute with a Taber Linear Abraser.

12. The component of claim 1 wherein the component is
a liquid reservoir, a liquid reservoir liner, a lid for a liquid
reservoir or liner, or a combination thereof.

13. The component of claim 12 wherein the component
comprises a thermoplastic polymeric material.

14. The component of claim 12 wherein the component is
a removable liquid reservoir liner.

15. (canceled)

16. The component of claim 12 wherein the spray appli-
cation system further comprises a gravity-fed spray gun.
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17. The component of claim 1 wherein the liquid repellent
surface layer repels water-based paint having a volatile
organic solvent of at least 5, 10, 15, 20, or 25 g/liter; wherein
the volatile organic solvent is water-soluble.

18. (canceled)

19. The component of claim 17 wherein the organic
solvent comprises one or more alcohol.

20. (canceled)

21. The component of claim 17 wherein the organic
solvent comprises 2-butoxyethanol, butoxypropan-2-ol,
2-(2-butoxyethoxy)ethanol, and mixtures thereof.

22. The component of claim 1 wherein the liquid repellent
surface is liquid repellent such that retained paint has a mass
no greater than 0.01 g/cm? or a drop of paint slides off the
liquid repellent surface when oriented vertically.

23. (canceled)

24. The component of claim 1 wherein the liquid repellent
surface has a receding contact angle with water from 90
degrees to 135 degrees.

25. (canceled)
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26. A component of a spray application system, the
component comprising a liquid repellent surface such that
the mass of retained test liquid is no greater than 0.01 g/cm?
when the test liquid is selected from 400 Mw polypropylene
glycol, butoxythanol, or a 50 wt. % aqueous solution of
butoxyethanol; wherein the liquid repellent surface com-
prises a surface layer comprising a silane or siloxane mate-
rial and the liquid repellent surface is not a lubricant
impregnated surface.

27. (canceled)

28. A spray application system comprising

a spray gun,

a liquid reservoir that attaches to the spray gun,

optionally a liner for the liquid reservoir,

a 1id for the liquid reservoir and/or liner;

wherein at least the liquid reservoir and/or liner compris-

ing a liquid repellent surface layer as described in claim



