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ABSTRACT OF THE DISCLOSURE
[0064] An 1llustrative embodiment of a contaminant

resistant structure includes a substrate having a substrate
surface, at least one contaminant resistant material
provided on the substrate surface and a hydrophobic or
oleophobic, and alternatively, a hydrophilic or oleophilic
material provided on at least a portion of the substrate

surface.
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CONTAMINANT RESISTANT COATING FABRICATION STRUCTURE AND

METHOD

TECHNICAL FIELD

[001] The disclosure relates to materials and
structures having antimicrobial, antiviral, antifungal,
biocidal and/or antichemical properties and methods of
fabricating antimicrobial, antiviral, antifungal, biocidal
and/or antichemical surface coatings. More particularly,
the disclosure relates to an antimicrobial, antiviral,
antifungal, biocidal and/or antichemical coating

fabrication method and structure i1n which a coating may be

applied to a surface 1in such a manner that different
antimicrobial, antiviral, antifungal, biocidal and/or
antichemical materials 1n the coating may remaln unmixed to

substantially retain or optimize the full efficacy of the
materials.

BACKGROUND

[002] various antimicrobial, antiviral, antifungal,
biocidal and/or antichemical (hereinafter contaminant
resistant) materials and coatings are  known. In
fabrication of a contaminant resistant plastic product, a

single biocide may be added to a plastic resin which may
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then be Dblended, melted and molded or extruded 1into the
final ©product. In fabrication of a fabric Thaving
contaminant resistant properties, a single biocide (which
may be a well-known biocide or a biocide which i1is currently
1in research, such as a fullerene, for example and without
limitation), may be added to a fabric substrate by foaming,
padding, spraying or dipplng. In fabrication of ionic
contaminant resistant agents (such as silver ions, for
example), the 1ons may be embedded 1n a zeolite structure.
Recent developments in nanotechnology have enabled

embedding of silver 1ions 1n various materials such as

fabric and plastic, for example. During the preparation
process, silver nanoparticles may be immobilized on fibers
using the layer-by-layer deposition method. This step may
involve dippling or treatment of the fibers 1in various

solutions.

[003] The contaminant resistant efficacy of a
contaminant resistant coating may be limited by the use of
a single type of contaminant resistant material in the
coating. Moreover, the mixing of various contaminant
resistant agents 1n a resin may neutralize or precipitate

the agents, possibly resulting 1in a less potent contaminant
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resistant coating or structure than would be attained using

a single contaminant resistant agent.

[004] Therefore, an 1mproved contaminant resistant

coating deposition method and structure 1is needed.

SUMMARY
[005] The disclosure 1s generally directed to a
contaminant resistant structure. An 11lustrative

embodiment of the contaminant resistant structure includes
a substrate having a substrate surface, at least one
contaminant resistant material provided on the substrate
surface and a hydrophobic or oleophobic material provided
on at least a portion of said substrate surfacé. One
example of an oleophobic material 1s a material that 1is

human body 01l resistant.

[006] The disclosure i1s further generally directed to a
contaminant reslistant structure. An 1llustrative
embodiment of the contaminant resistant structure includes
a substrate having a three-dimensional substrate surface
including a plurality of elevated surfaces and a
hydrophilic or oleophilic material provided on each of the

plurality of elevated surfaces. By three-dimensional
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substrate surface, it is meant a substrate surface that has
peaks of at least 3 micron 1n height. The three-

dimensional substrate surface can be formed by a variety of

well known techniques. While a substrate surface that has

L}

peaks of less than 3 micron in height is a two dimensional

substrate surface in the context of this disclosure.

[007] The disclosure 1is further generally directed to a
method of fabricating a contaminant resistant structure.
An illustrative embodiment of the method includes providing
a substrate, providing at least one contaminant resistant
material on the substrate and providing a hydrophobic or

oleophobic material on at least a portion of the substrate.

[008] In some embodiments, a method of fabricating a
contaminant resistant structure may 1include providing a
substrate; providing three-dimensional structures
comprising a plurality of elevated surfaces on the
substrate: and providing a  hydrophilic or oleophilic

material on the elevated surfaces.

[009] In some embodiments, a contaminant resistant
structure may include a substrate having a three-

dimensional substrate surface including a plurality of
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elevated surfaces and a plurality of generally planar

depressed surfaces extending between sald elevated

surfaces. Fach of the elevated surfaces may include a top

surface portion and a side surface portion extending from

the top surface portion to the depressed surfaces. At
least one contaminant resistant material may be provided on
the depressed surfaces. A hydrophobic or oleophobic
material may be provided on the top surface portion and the

side surface portion of each of the elevated surtfaces.

[0010] In some embodiments, the contaminant resistant
structure may 1nclude a substrate having a three-
dimensional substrate surface 1including a plurality of

elevated surfaces and a plurality of generally planar

depressed surfaces extending between the elevated surfaces.

Each of the elevated surfaces may 1nclude a top surtface

portion and a side surface portion extending from the top

surface portion to the depressed surfaces. A hydrophilic

or oleophilic material may be provided on the top surface

i

the

portion and the side surface portion of each of

elevated surfaces.
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(0011] In some embodiments, a method of fabricating a
contaminant resistant structure may 1include providing a
substrate having a substrate surface and providing a
plurality of three-dimensional structures having a
plurality of elevated surfaces and a plurality of generally
planar depressed surfaces extending between the elevated
surfaces 1n the substrate surface. Each of the elevated
surfaces may include a top surface portion and a side
surface portion extending from the top surface portion to
the depressed surfaces. A contaminant resistant material

may be provided on the depressed surfaces. A hydrophobic

or oleophobic material may be provided on the top surtace

portion and the side surface portions of each of the

elevated surfaces.

[0012] In some embodiments, the method of fabricating a
contaminant resistant structure may include providing a
substrate having a substrate surface and providing a
plurality of three-dimensional structures including
plurality of elevated surfaces and a plurality of generally
planar depressed surfaces extending between the elevated

e
p—

surfaces 1n the substrate surface. Fach of the elevated

surfaces may 1nclude a top surface portion and a side
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surface portion extending from the top surface portion to
the depressed surfaces. A hydrophilic or oleophilic
material may be provided on the top surface portion and the

si1de surface portions of each of the elevated surfaces.

BRIEF DESCRIPTION OF THE ILLUSTRATIONS
[0013] FIG. 1 1s a flow diagram of an 1illustrative
embodiment of a method of fabricating a contaminant

resistant surface coating.

[0014] FIG. 2 1s a top view of an 1illustrative

gy

embodiment of the contaminant resistant structure i1n which

contaminant resilistant materials are applied to a surface of
a sSubstrate 1n a coating according to geometrical
parameters which  optimize the contaminant resistant

efficacy of the materials.

[0015] FIG. 3 18 a side view o0of an 1i1llustrative

F—
pr——

embodiment of the contaminant resistant structure shown 1in

FIG. 2.

[0016] FIG. 4 1s a flow diagram of an aircraft

production and service methodology.
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[0017] FIG. 5 1s a block diagram of an aircraft.

[0018] FIG. 6 1s a top view of an 1illustrative

embodiment of the contaminant resistant structure 1in which
contaminant resistant materials are applied to a surface of
a Substrate 1n a coating according to geometrical
parameters which optimize the contaminant resistant
efficacy of the materials and a hydrophobic or oleophobic

ph—

material 1s applied to the surface of the substrate.

[0019] FIG. 7 18 a side view of an 1illustrative

embodiment of the contaminant resistant structure shown 1in

FIG. 6.

[0020] FIG. 8 18 a cross-sectional vwview of an
1llustrative embodiment of a three-dimensional contaminant
resistant structure, with a hydrophobic or oleophobic
material provided on elevated surfaces and a contaminant

resistant material provided on generally planar depressed

surfaces of the structure.

(00211 FIG. 9 18 a cross-sectional view of an
alternative 1llustrative embodiment of a three-dimensional

contaminant resistant structure, with a hydrophobic or
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oleophobic material provided on elevated surfaces and a

contaminant resistant material provided on generally

P

concave depressed surfaces of the structure.

(00221 FIG. 10 1s a cross-sectional view of another
alternative illustrative embodiment of a three-dimensional

contaminant resistant structure, with a hydrophilic or

oleophilic material provided on elevated surfaces of the
structure and exposed generally planar depressed surfaces

between the elevated surfaces.

e

0023 ] FIG. 11 is a cross-sectional view of another

alternative illustrative embodiment of a three-dimensional
contaminant resistant structure, with a hydrophilic or
oleophilic material provided on elevated surfaces of the
structure and exposed generally concave depressed surfaces

between the elevated surfaces.

(0024 ] FIG. 12 1S a cross-sectional view of an
illustrative embodiment of a three-dimensional contaminant

resistant structure, with a hydrophobic or oleophobic

material provided on a surface of a substrate and liquid

droplets containing a microbe repelled by the hydrophobic

or oleophobic material.
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[0025] FIG. 13 1S a cross-sectional view of an

illustrative embodiment of a three-dimensional contaminant

resistant structure, with a hydrophobic or oleophobic

material provided on elevated surfaces of a substrate and a

contaminant resistant material provided on generally planar

p—
p—

depressed surfaces of the substrate and 1liquid droplets

containing a microbe on the contaminant resistant material

on the depressed surfaces.

[0026] FIG. 14 1s a flow diagram of an 1llustrative

method which 1is suitable for fabrication of the contaminant

resistant structure shown in FIGS. 6 and 7.

[0027] FIG. 15 1s a flow diagram of an 1i1llustrative

r—

method which 1s suitable for fabrication of the three-

dimensional contaminant resistant structures shown 1n FIGS.

8, 9, 12 and 13.

ph—
p—

(0028] FIG. 16 1s a flow diagram of an 1llustrative

method which 1s suitable for fabrication of the three-

dimensional contaminant resistant structures shown 1n FIGS.

8, 9, 12 and 13.

10
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[0029] FIG. 17 1is a flow diagram of an illustrative

method which 1s suitable for fabrication of the three-

dimensional contaminant resistant structures shown in FIGS.

10 and 11.

DETAILED DESCRIPTION

[0030] The disclosure 1s generally directed to a method
of fabricating an antimicrobial, antiviral, antifungal,
biocidal and/or antichemical (hereinafter contaminant
reslstant) surface coating. As used herein, "contaminant"
includes microbial, viral, fungal, biological and/or
chemical contaminant, for example and without limitation.

Combination of multiple types of contaminant resistant

materials in a selected pattern on a surface of a structure
Oor 1n a coating, and optimization of the three-dimensional

parameters of the pattern, may optimize the contaminant

resistant efficacy of the contaminant resistant materials.

For example, 1n which the two- or three-dimensional

ph—

parameters of a pattern of contaminant resistant materials

1n a coating may be controlled at multiple scales of
dimension to optimize the contaminant resistant efficacy of
two or more of the contaminant resistant materials in the

coating.

11
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[0031] In some embodiments the method may include, for

example and without 1limitation, providing at 1least first

and second coating applicator media; providing at least

first and second contaminant resistant materials; adding

the first contaminant resistant material (such as Ti0O,;, Ag,

fullerances and/or H;0,, for example and without limitation)

to the first coating applicator medium and the second
contaminant resistant material to the second coating
applicator medium; providing a substrate having a surface;
applying the first coating applicator medium with the first
contaminant resistant material to the surface of the
substrate; applying the second coating applicator medium

with the second contaminant resistant material to the

|}

surface of the substrate with the second contaminant

resistant material adjacent to the first contaminant

resistant material; and curing the first and second coating
applicator medila. In some embodiments the first coating
applicator medium, the second coating applicator medium and
any additional coating applicator medium may be
successively applied to the surface of the substrate using
any suiltable three-dimensional printing technigque which 1is
known to those skilled in the art to disperse or distribute

the first, second and any additional contaminant resistant

12
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material 1n a multi-layered, three-dimensional pattern 1in

the contaminant resistant surface coating. In some
embodiments, the three-dimensional printing technique which
is used to apply the first and second and any additional
coating applicator media to the surface of the substrate
may 1include 1nk jet printing or screen printing, for

example and without limitation.

[0032] The disclosure is further generally directed to a
contaminant resistant structure which may 1nclude a
contaminant resistant coating applied to a surface as a
pattern (which may be a random distribution, an organized
distribution or both a random distribution and an organized
distribution) in which different contaminant resistant

materials remain substantially unmixed to retain or

optimize the full contaminant resistant efficacy of the

-

materials. The three-dimensional geometric parameters OoO:

the pattern of contaminant resistant materials 1in the
structure or coating may be controlled at multiple scales
of magnitude to optimize the contaminant resistant efficacy
of the contaminant resistant materials. Accordingly, the
various contaminant resistant materials may be dispersed 1in

substantially adjacent relationshlip with respect to each

13
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other 1in the pattern at spacings which may vary from

microns to one millimeter, for example and without

)

limitation, optimizing the contaminant resistant efficacy

'l

of the coating. The contaminant resistant materials may be
applied separately and successively 1n a layer-by-layer

pattern to the surface to substantially maintaln separation

of the materials from each other in the pattern. In some
embodiments, the first coating applicator medium and the
second coating applicator medium may be applied to the
surface of the substrate using any suitable three-

dimensional printing technique which 1s known to those

skilled 1n the art. In some embodiments, the contaminant

resistant materials may be applied to the substrate surtace

using ink jet printing, for example and without limitation.

[0033] Referring initially to FIG. 1, a flow diagram 100

of an i1llustrative embodiment of a method of fabricating a

contaminant resistant surface coating 1s shown. In block

102, first and second coating applicator media may be

provided. Each of the first and second coating applicator
media may include any type of medium which 1s suitable for
applyving contaminant resistant materials to a surface of a

substrate. The first and second coating applicator media

14
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may include, for example and without limitation, applicator
paint. In some applications, additional coating applicator
media may be provided depending on the number of different
tyvpes of contaminant resistant materials which are to be

applied to the surface of the substrate.

(0034 ] In Dblock 104, first and second contaminant

resistant materials of different types may be provided.

Each of the first and second contaminant resistant

P

materials may be any type of material which 1s capable of

(i

killing microorganisms such as Dbacteria or fungi, for
example and without 1limitation, and/or destroying or
inactivating viruses and/or other microorganlisms. ITn some

applications, each of the first and second contaminant
resistant material may 1include a Dbiocide (which may be a
well-known biocide or a biocide which 1s currently 1n
research, such as a fullerance), for example and without
limitation. In some applications, additional contaminant
resistant materials may be provided 1in addition to the
first and second contaminant resistant materials. The
contaminant resistant materials may be selected depending

on the target range of microorganisms against which

contaminant resistant action 1is desired.

15
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[0035] In block 106, the first contaminant resistant

material may be added to the first coating applicator

medium and the second contaminant resistant material may be
added to the second coating applicator medium. In some
applications, additional contaminant resistant materials

may be added to additional coating applicator media,

respectively. n some applications, two or more

contaminant resistant materials may be added to each

coating application medium.

[0036] In block 108, a substrate having a substrate
surface may be provided. The substrate may be any desired
material the substrate surface of which 1s to have

contaminant resistant properties, including but not limited

to plastic; metal; wood; glass; or fabric.

[0037] ITn block 110, the first coating applicator medium

with the first contaminant resistant material may Dbe

applied to the surface of the substrate. 1In block 112, the
second coating applicator medium may subsequently Dbe
applied to the surface of the substrate with the second
contaminant resistant material adjacent to the first

contaminant resistant material. Additional coating

16



CA 02714689 2010-09-09

82,000-197A
08-0469A

applicator media, each having a selected type of

contaminant resistant material, may be subsequently applied

to the surface of the substrate 1in successive layers. In

some applications, each of the first coating applicator
medium and the second coating applicator medium may 1include

two OY more contaminant resistant materials.

[0038] The first coating applicator medium, the second
coating applicator medium and any additional <coating
applicator media may each be applied to the surface of the
substrate using any sultable three-dimensional deposition
technique which 1s known to those skilled 1n the art.
Deposition of the coating applicator medium to the
substrate may include, for example and without limitation,
application by micro-jets; micro-nozzles; micro-dispensers;

electrostatic deposition; screen printing; patterned

absorption using factors that enhance adherence; or using

bio-organisms as carriers. In some applications, the
coating applicator media may be applied to the surface of
the substrate using an 1ink Jjet printing technique, for
example and without limitation. The applied coating
applicator media with contaminant resistant materials may

form a multilavered contaminant resistant coating on the

17
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surface of the substrate. In the contaminant resistant

coating, the contaminant resistant materials of different

types may form a three-dimensional pattern 1n which the
contaminant resistant materilials may Dbe disposed 1n

substantially adjacent and overlapping relationship with

respect to each other. In some applications, the
contaminant resistant materials of different types 1in the

successive lavers of the contaminant resistant coating may

be separated from each other by a spacing of from about 1
micron to about 1 millimeter, for example and without
limitation, 1n the pattern. In Dblock 114, the first,
second and any subsequent coating applicator media may be
cured. In some applications, two or more contaminant
resistant materials of different types may be provided 1n
each layer of the contaminant resistant coating. The
contaminant resistant materials 1n each layer may form

separate overlapping, staggered or adjacent patterns.

[0039] Referring next to FIGS. 2 and 3, an 1llustrative

embodiment of a contaminant resistant structure 1S
generally indicated by reference numeral 1 in top and side
views, respectively. The contaminant resistant structure 1

may include a substrate 2 (FIG. 3) having a substrate

18
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surface 3. The substrate 2 may be any desired material the

substrate surface 3 o0of which 1s to have contaminant
resistant properties, 1including but not limited to plastic;

metal; wood; glass; or fabric.

[0040] A contaminant resistant coating 4 may be provided

on the substrate surface 3 of the substrate 2. At least

two different types of contaminant resistant material may
be provided in the contaminant resistant coating 4. In the
embodiment of the contaminant resistant structure 1 which
is shown 1in FIGS. 2 and 3, a first contaminant resistant
material 8; a second contaminant resistant material 9; a
third contaminant resistant material 10; and a fourth
contaminant resistant material 11 may be provided 1in the
contaminant resistant coating 4. However, 1n  some

embodiments the contaminant resistant coating 4 may 1include

more than four different types of contaminant resistant
material depending on the desired range of microorganisms

which 1s to Dbe targeted Dby the contaminant resistant

coating 4.

[0041] The contaminant resistant coating 4 may Dbe

applied to the substrate surface 3 1n a multi-layered

19



CA 02714689 2010-09-09

82,000-197A
08-0469A

manner  as two or more successively-applied coating
applicator media, each of which may include at 1least one
selected type of contaminant resistant material. Each
layer of coating applicator media may include any type of

medium which 1s suitable for applying contaminant resistant

materials to the substrate surface 3 of the substrate 2.
Each layer of coating applicator media may include, for

example and without limitation, applicator paint.

[0042] As shown 1n FIGS. 2 and 3, 1in some embodiments

the layers of coating applicator media may be successively

deposited on the substrate surface 3 (FIG. 3) 1in a three-
dimensional pattern 1in which the first contaminant
resistant material 8 may be disposed generally adijacent to
the substrate surface 3 of the substrate 2; the second
contaminant resistant material 9 may be disposed generally
adjacent to the first contaminant resistant material 8:; the
third contaminant resistant material 10 may be disposed
generally adjacent to the second contaminant resistant
material 9; and the fourth contaminant resistant material
11 may be disposed generally adjacent to the third

contaminant resistant material 10. The contaminant

resistant materials 8, 9, 10 and 11 may be disposed 1in

20
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staggered or overlapping relationship with respect to each
other when viewed from above as shown in FIG. 2 and when
viewed from the side as shown 1in FIG. 3. In some
embodiments, at 1least two contaminant resistant materials
of different type, such as the first contaminant resistant
material 8 and the second contaminant resistant material 9,
may be disposed together in a first layer, and at least two
contaminant resistant materials of different type, such as
the third contaminant resistant material 10 and the fourth
contaminant resistant material 11, may be disposed together

in a second layer, on the substrate surface 3.

[0043] In some embodiments, the adjacent contaminant
resistant materials 8, 9, 10, 11 of different types 1in the
successive layers or the adjacent contaminant resistant
materials 1in the same layer of the contaminant resistant
coating 4 may be separated from each other by a spacing of
from about 1 micron to about 1 millimeter, for example and
without limitation, in the pattern. Maintaining separation
of the contaminant resistant materials of different type 1in
the contaminant resistant coating 4 may optimize the

contaminant resistant efficacy of each contaminant

resistant material.

21
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(0044 ] In typical application, the contaminant resistant

coating 4 1is applied to the substrate surface 3 of the
substrate 2 typically as was heretofore described. The
substrate surface 3 of the substrate 2 may be any surface
which 1s to have contaminant resistant properties and may

be such a surface in a commercial or military aircraft,

_—

rotorcraft or Unmanned Ailr Vehicle (UAV), for example and
without limitation. In aerospace applications, the
substrate 2 may be an air duct; lavatory; tray table;
bulkhead: or insulation Dblanket, for example and without
limitation. Accordingly, as shown 1i1n FIG. 2, each type ot

contaminant resistant material 8, 9, 10, 11 1n the

contaminant resistant coating 4 may kill or 1nactivate

microbes 14 such as Dbacteria, fungi and/or wviruses which
fall within the range of microbes 14 acted upon by the

contaminant resistant material and which contact the

contaminant resistant coating 4.

[0045] Referring next to FIGS. 4 and 5, embodiments of
the disclosure may be used in the context of an aircraft

manufacturing and service method 78 as shown in FIG. 4 and

an alircraft 94 as shown in FIG. 5. During pre-production,

exemplary method 78 may include specification and design 80

22
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of the aircraft 94 and material procurement 82. During
production, component and subassembly manufacturing 84 and
system integration 86 of the aircraft 94 takes place.
Thereafter, the aircraft 94 may go through certification
and delivery 88 in order to be placed in service 90. While
in service by a customer, the aircraft 94 may be scheduled
for routine maintenance and service 92 (which may also
include modification, reconfiguration, refurbishment, and

SO on) .

[0046] Each of the processes of method 78 may be

performed or carried out by a system integrator, a third
party, and/or an operator (e.g., a customer). For the
purposes of this description, a system integrator may
include wlthout limitation any number of alrcraft
manufacturers and major-system subcontractors; a third
party may include without limitation any number of wvendors,
subcontractors, and suppliers; and an operator may be an
airline, leasing company, military entity, service

organlzation, and so on.

[0047] As shown 1in FIG. 5, the aircraft 94 produced by

exemplary method 78 may include an airframe 98 with a

23
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A

plurality of systems 96 and an 1interior 100. Examples of
high-level systems 96 1nclude one or more of a propulsion
system 102, an electrical system 104, a hydraulic system
106, and an environmental system 108. Any number of other
systems may be 1ncluded. Although an aerospace example 1s
shown, the principles of the disclosure may be applied to

other 1ndustries, such as the automotive industry.

[0048] The apparatus embodied herein may be employed
during any one or more of the stages of the production and
service method 78. For example, components or

subassemblies corresponding to production process 84 may be

fabricated or manufactured 1in a manner similar to
components or subassemblies produced while the aircraft 94
1s 1n service. Also, one or more apparatus embodiments may
be utilized during the production stages 84 and 86, for
example, by substantially expediting assembly of or
reducing the cost of an aircraft 94. Similarly, one or
more apparatus embodiments may be utilized while the

alrcraft 94 1s 1n service, for example and without

limitation, to maintenance and service 92.

24
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10049 ] Referring next to FIGS. 6 and 7, an alternative
1llustrative embodiment of the contaminant resistant

structure 1s generally 1indicated by reference numeral 1la.

The structure la may be similar 1n construction to the

structure 1 which was heretofore described with respect to

FIGS. 2 and 3. In the structure la, the substrate surtface
3 may be two-dimensional. A hydrophobic or oleophobic
material 16 may be provided on at least a portion of the
substrate surface 3 of the substrate 2. Accordingly, 1n
application of the structure la, 1n the event that a liquid
droplet (not shown) having microbes (not shown) contacts
the substrate 2, the hydrophobic or oleophobic material 16
may repel the ligquid droplet and the microbes such that the
microbes contact the contaminant resistant material 8, 9,
10 or 11. The contaminant resistant material 8, 9, 10 and

11 may kill, inactivate, denature or neutralize the

microbes and render the substrate surface 3 of the

substrate 2 sanitary.

il

(0050] Referring next to FIG. 8 of the drawings, an

illustrative embodiment of a three-dimensional contaminant

resistant structure, hereinafter structure, 1s generally

indicated by reference numeral 20. The structure 20 may
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include a substrate 21 having a substrate surface 22. In

some embodiments, contaminant resistant agents (not shown)
may be embedded or otherwise provided internally 1in the
substrate 21 according to the knowledge of those skilled in
the art. The substrate 21 of the structure 20 may be any
desired material the substrate surface 22 of which 1s to
have contaminant resistant properties, 1including but not

limited to ©plastic; metal; wood; glass; or fabric.

Elevated surfaces 24 may be provided on the substrate

surface 22 of the substrate 21. Depressed surfaces 30,
each of which may be generally planar, may extend between
the elevated surfaces 24. Each elevated surface 24 may

have a top surface portion 25 and a side surface portion 26

which extends from the top surface portion 25 to the
depressed surfaces 30. In some embodiments, the top

surface portion 25 o0of each elevated surface 24 may Dbe

generally convex, as shown. In other embodiments, the top

surface portion 25 may have alternative configurations.

The elevated surfaces 24 may be formed on the substrate
surface 22 of the substrate 21 using any sultable techniqgue

known to those skilled in the art. Technigues which are

e

sultable for forming the elevated surfaces 24 on the

substrate surface 22 include deposition technigues such as
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direct writing, inkjet deposition, stamping, spraying and
dipping, for example and without limitation. Additionally
or alternatively, the elevated surfaces 24 may be provided
on the substrate surface 22 using technigques such as

molding, embossing, stamping, machining, milling and/or

drilling, for example and without limitation. The elevated
surfaces 24 may be provided on the substrate surface 3 of
the substrate 2 1n any size and configuration and may be
fabricated at the macro-scale, meso-scale, micro-scale or
nano-scale 1level depending on the desired application of

the structure 20.

(0051 ] A hvydrophobic or oleophobic material 31 may be

-

provided on each elevated surface 24 of the structure 20.

In some embodiments, the hydrophobic or oleophobic material
31 may be confined to the top surface portion 25 of each
elevated surface 24. In other embodiments, the hydrophobic
or oleophobic material 31 may Dbe confined to the side
surface portion 26 of each elevated surface 24. In still
other embodiments, the hydrophobic or oleophobic material
31 may be provided on the top surface portion 25 and the

side surface portion 26 of each elevated surface 24.
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[0052] A contaminant resistant material 32 may |Dbe

provided on the depressed surfaces 30 of the structure 20.
The contaminant resistant material 32 may be any type of
material which 1s effective 1in killing microbes such as
fungi Or bacteria and/or killing, lnactivating or
denaturing viruses, weaponized biological agents and/or
chemical agents, for example and without limitation. The
hydrophobic or oleophobic material 31 and the contaminant
resistant material 32 may be deposited on the elevated
surfaces 24 and the depressed surfaces 30 using dipping,

spraying and/or any other suitable deposition technique

which 1s known to those skilled in the art.

[0053] The structure 20 may be used in any application
1in which 1t 1s desired to kill microbes such as fungi and
bacteria and/or kill, inactivate, denature or neutralize
viruses, weaponized biological agents and/or chemical
agents which may be present in liquid droplets, for example

and without limitation, that contact the structure 20. In

some applications, the structure 1 may be provided on the
interior surfaces of an aircraft (not shown). In some
applications, the elevated surfaces 24 may function as wear

pads on the substrate 21 and may offer wear protection to
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functionalities such as coatings, for example and without
limitation, 1located at the depressed surfaces 30. In the
event that a liguid droplet (not shown) which contains a
microbe or biological agent (not shown) directly contacts a
depressed surface 30, the microbe or biological agent may
contact the contaminant resistant material 32, killing
and/or denaturing or inactivating the microbe or biological
agent. In the event that a liquid droplet which contains a

microbe or Dbiological agent contacts the hydrophobic or

oleophobic material 31 provided on each elevated surface
24, the hydrophobic nature of the hydrophobic or oleophobic
material 31 may repel the liquid droplet from the elevated
surface 24 to the depressed surfaces 30 on the substrate 2.
In some applications, the liquid droplet may move from the
top surface portion 25 of the elevated surface 24 to the

depressed surfaces 30 wvia gravity, capillary action and/or

micro fluidic channel or channels, for example and without
limitation. The microbes or biological agent in the liquid
droplet may contact the contaminant resistant material 32
on the depressed surfaces 30, thereby killing, denaturing
or inactivating the microbe or biological agent .
Therefore, the contaminant resistant material 32 may

maintain the substrate surface 22 of the substrate 21 in a
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sanitary condition. In some applications, o0il, lubricating
fluids or machining fluids (not shown) may be repelled by
the hydrophobic or oleophobic material 31 and therefore,
may flow from the top surface portion 25 and along the side
surface portion 26 of each elevated surface 24 to the

depressed surfaces 30.

[0054] An alternative illustrative embodiment of the
structure is generally indicated by reference numeral 20a
in FIG. 9. In the structure 20a, generally concave oOr
depressed surfaces 34 may extend between the elevated
surfaces 24. The contaminant resistant material 32 may be
provided on the generally concave or depressed surfaces 34.
Application of the structure 20a may be as was heretofore

described with respect to the structure 20 in FIG. 8.

[0055] Another alternative illustrative embodiment of
the structure 44a 1is shown 1in FIGS. 12 and 13. In the
structure 44a, the top surface portion 25 of each elevated
surface 24 may be generally planar. The side surface
portions 26 of each elevated surface 24 may be disposed 1in
generally perpendicular relationship with respect to the

top surface portion 25. In FIG. 12, multiple 1liquid
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droplets 44, each of which contains microbes or biological
agents 45, are shown on the hydrophobic or oleophobic
material 31 which is provided on the top surface portion 25
of each elevated surface 24, As shown in FIG. 13, the
hydrophobic or oleophobic material 31 may repel the liquid
droplets 44 from the elevated surfaces 24 onto the
depressed surfaces 30, where the contaminant resistant
material 32 may contact and kill or inactivate, denature or
neutralize the microbes or biological agents 45 contained
in the 1liquid droplets 44. In some applications, the
liquid droplets 44 may move from the top surface portion 25
of the elevated surface 24 to the depressed surfaces 30 via

gravity and/or capillary action.

[0056] Referring next to FIG. 10, an alternative
illustrative embodiment of a three-dimensional contaminant
resistant structure 1is generally indicated by reference
numeral 40. The structure 40 may include a substrate 21
having a substrate surface 22. Multiple elevated surfaces

24 and depressed surfaces 30 may be provided on the
substrate surface 22 as was heretofore described with
regspect to the structure 20 in FIG. 8. A hydrophilic or

oleophilic material 41 may be provided on each elevated
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surface 24. In some embodiments, the hydrophilic or
oleophilic material 41 may be confined to the top surface
portion 25 of each elevated surface 24. In other
embodiments, the hydrophilic or oleophilc material 41 may
be confined to the side surface portion 26 of each elevated
surface 24. 1In still other embodiments, the hydrophilic or
oleophilic material 41 may be provided on the top surface
portion 25 and the side surface portion 26 of each elevated

surface 24.

[0057] Application of the structure 40 may be as was
heretofore described with respect to the structure 20 1n
FIG. 8. Accordingly, 1n the event that a liquid droplet
(not shown) which contains microbes (not shown) contacts an
elevated surface 24, the hydrophilic or oleophilic material
41 may confine the droplet and the microbes contained
therein to the top surface portion 25 and/or the side
surface portion 26 of each elevated surface 24. In some
embodiments, the depressed surfaces 30 may be reserved for
functionalities other than the killing, denaturing or
neutralizing of microbes or biological agents since the
microbes or biological agents may be 1mmobilized on the

elevated surfaces 24.
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[0058] An alternative i1llustrative embodiment of the

structure 1s generally indicated by reference numeral 40a

in FIG. 11. In the structure 40a, generally concave or

depressed surfaces 34 may extend between the elevated

surfaces 24. Application of the structure 40a may be as
was heretofore described with respect to the structure 20

in FIG. 8.

[0059] Referring next to FIG 14, flow diagram 1400 of an
11lustrative method which is suitable for fabrication of
the contaminant resistant structure shown in FIGS. 6 and 7
1S shown. In block 1402, first and second coating
applicator media may be provided. In bock 1404, first and
second contaminant resistant materials may be provided. In
block 1406, the first contaminant resistant material may be
added to the first coating applicator medium and the second
contaminant resistant material may be added to the second
coating applicator medium. In block 1408, a substrate may

be provided. In block 1410, the first coating applicator

medium with the first contaminant resistant material may be
added to the substrate. In block 1412, the second coating
applicator medium may be added to the substrate with the

second contamilinant resistant material adjacent to the first
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contaminant resistant material. In block 1414, the first
and second coating applicator media may be cured. In block

1416, a hydrophobic or oleophobic material may be applied

to at least a portion of the substrate.

[0060] Referring next to FIG. 15, a flow diagram 1500 ot

p—
p—

an illustrative method which is suitable for fabrication of

the three-dimensional contaminant resistant structures

shown in FIGS. 8, 9, 12 and 13 1s shown. In block 1502, a

substrate may Dbe provided. In block 1504, three-

dimensional structures may be provided on the substrate.
In some embodiments, the three-dimensional structures may

include elevated surfaces and depressed surfaces extending

between the elevated surfaces. Tn block 1506, at least one
contaminant resistant material may be provided on the
substrate. In some embodiments, the contaminant resistant

material may be provided on the elevated surtaces.

[0061] Referring next to FIG. 16, a flow diagram 1600 otf

an 1llustrative method which is suitable for fabrication of

the three-dimensional contaminant resistant structures

shown in FIGS. 8, 9, 12 and 13 1s shown. In block 1602, a

substrate may Dbe provided. In block 1604, three-
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dimensional structures 1ncluding elevated surfaces and
depressed surfaces extending between the elevated surfaces
may be provided on the substrate. In block 1606,
hydrophobic or oleophobic material may be provided on the
elevated surfaces. In some embodiments, hydrophobic or
oleophobic material may be provided on at least one of a
top surface portion and a side surface portion of each
elevated surface. In Dblock 1608, contaminant resistant

material may be provided on the depressed surfaces between

the elevated surfaces.

[0062] Referring next to FIG. 17, a flow diagram 1700 of
an 1llustrative method which 1s suitable for fabrication of
the three-dimensional contaminant resistant structures
shown in FIGS. 10 and 11 1s shown. In block 1702, a

substrate may be provided. In Dblock 1704, three-

dimensional structures 1ncluding elevated surfaces and
depressed surfaces extending between the elevated surfaces
may be provided on the substrate. In block 1706,
hydrophilic or oleophilic material may be provided on the
elevated surfaces. In some embodiments, hydrophilic or

oleophilic material may be provided on at least one of a
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top surface portion and a side surface portion of each

elevated surface.

[0063] Although the embodiments of this disclosure have
been described  with respect to certain exemplary
embodiments, it 1is to be understood that the specific
embodiments are for purposes of 1llustration and not
limitation, as other variations will occur to those of

skill in the art.
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CLAIMS

What 1s claimed is:

1. A contaminant resistant structure, comprising:

a substrate having a substrate surface;

a first layer comprising a plurality of contaminant
resistant materials of different type provided on top of a
second layer comprising a relatively hydrophobic or

oleophobic material compared to said first layer; and

said second layer comprising said hydrophobic or
oleophobic material provided on top of said outermost

surface portion of at least a portion of said substrate

surface.

2. The contaminant resistant structure of claim 1,
wherein said plurality of contaminant resistant materials
are separated from one another by a spacing of from about 1

micron to about 1 millimeter.

3. The contaminant resistant structure of claims 1 or 2,
wherein said substrate surface of said substrate is two-

dimensional having peak heights of less than about 3

microns.
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4 . The contaminant resistant structure of claims 1 or 2,
wherein said substrate surface of said substrate 1s three-

dimensional having peak heights of greater than about 3

microns.

5. The contaminant resistant structure of claim 4 further
comprising a plurality of elevated surfaces and a plurality

of depressed surfaces extending between said elevated

surfaces on said substrate surface.

6. The contaminant resistant structure of claim 5 wherein
said hydrophobic or oleophobic material is provided on said

elevated surfaces and said contaminant resistant materials

are provided on said depressed surfaces.

7. The contaminant resistant structure of claim 5 wherein
said plurality of depressed surfaces comprises a plurality

of generally planar depressed surfaces.

8. The contaminant resgistant structure of claim 5 wherein
said plurality of depressed surfaces comprises a plurality

of generally concave depressed surfaces.
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9. A method of fabricating a contaminant resistant

structure, comprising:
providing a substrate;

providing a second layer comprising hydrophobic or
oleophobic material on top of said outermost surface

portion of at least a portion of said substrate surface;

and

providing a first layer comprising a plurality of
contaminant resistant materials of different type on top of

salid second layer;

wherein said second layer comprises relatively
hydrophobic or oleophobic material as compared to said

first layer.

10. The method of claim 9 wherein said providing a

substrate comprises providing a substrate having a two

dimensional substrate surface.

11. The method of claim 9 wherein said providing a
substrate comprises providing three-dimensional structures

including a plurality of elevated surfaces and a plurality
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of depressed surfaces extending between said elevated

surfaces on salid substrate.

12. The method of claim 11 wherein said providing at least
one contaminant resistant material on said substrate
surface of said substrate comprises providing a hydrophobic

or oleophobic material on said elevated surfaces.

13. The method of claim 12 wherein said providing a
hydrophobic or oleophobic material on at least a portion of
salid substrate surface of said substrate comprises
providing at least one contaminant resistant material on

sald depressed surfaces.

14. A contaminant resistant structure, comprising:

a substrate having a three-dimensional substrate

surface having peak heights of greater than about 3 microns
including a plurality of elevated surfaces and a plurality
of generally planar depressed surfaces extending between

sald elevated surfaces;

each of said elevated surfaces comprises a top surface
portion and a side surface portion extending from said top

surface portion to said depressed surfaces;
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a first layer comprising at least one contaminant
resistant material provided on top of a first outermost

surface portion of said depressed surfaces; and

a second layer comprising a relatively hydrophobic or
oleophobic material compared to said first layer provided
on top of a second outermost surface portion of said top
surface portion and said side surface portion of each of
sald elevated surfaces, said first and second layers on top

of respectively different portions of said substrate

surface.

15. A method of fabricating a contaminant resistant

structure, comprising:
providing a substrate;

providing a plurality of three-dimensional structures
having a plurality of elevated surfaces and a plurality of
generally planar depressed surfaces extending between said
elevated surfaces in said substrate surface, each of said
elevated surfaces comprising a top surface portion and a

side surface portion extending from said top surface

portion to said depressed surfaces;
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providing a first layer comprising at least one
contaminant resistant material on top of a first outermost

surface portion of said depressed surfaces; and

providing a second layer comprising a relatively
hydrophobic or oleophobic material compared to said first
layer provided on top of a second outermost surface portion
of said top surface portion and said side surface portion
of each of said elevated surfaces, said first and second
layers on top of respectively different portions of said

substrate surface.
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