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SUPERHYDROPHOBIC AND OLEOPHOBIC COATINGS

WITH LOW VOC BINDER SYSTEMS

This application claims the benefit of U.S. Provisional Application No. 61/445,001, which
was filed February 21, 2011, the entirety of which is hereby incorporated by reference in its
entirety.

BACKGROUND

The superhydrophobic (SH) and superoleophobic surfaces are defined as those where
water or oil droplet contact angles exceed 150°. Such surfaces have a variety of uses, including
their ability to prevent or resist water, dirt and/or ice from attaching to a surface. A variety of
hydrophobic and oleophobic surface coating compositions have been described that employ high
amounts of volatile organic compounds (VOCs) including those that participate in atmospheric
photochemical reactions. Those contrast with the coating compositions described herein that
utilize water and/or VOC- exempt organic solvents that have been found to undergo limited
amounts of atmospheric photochemical reactions and lower amounts of photochemically active
VOCs.

SUMMARY

This disclosure sets forth coating compositions that employ water-based binder systems
that have a low VOC content and/or low non-exempt VOC content, thereby providing a variety
of environmental benefits in their application. The coating compositions described herein
remain substantially hydrophobic/oleophobic even when abraded, and have increased durability
and/or life span when subjected to normal wear and tear compared to coatings where

hydrophobic and/or oleophobic components are restricted to the coating's surfaces.

BRIEF DESCRIPTION OF THE DRAWINGS:

Figure 1 is a histogram plotting the arnount of abrasion {measured in Taber cycles using a €S
10 wheel and 250g load) causing a loss of superhydrophobicity for five one-step coatings
prepared with various BAYHYDROL® based binders (see Appendix A).

Figure 2 15 4 schematic showing the proposed distribution of second particles, ("nano particles”
e.z., CAB-O-SIL® TS720) across the thickness of coatings prepared with differcnt
BAYHYDROL® based binders. First particles are indicated by "X" and second particles
are indicated by small filled circles or dots. The upper portion of the diagram indicates the
accumndation of a substantially amount of submicron {e.g., second particles treated o be
hydrophobic) at the surface, likely due to the absence of co-solvents. In contrast, coating

compositions of the present disclosure (e.g., those which incorporate co-solvents) permit
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the dispersion of subrmicron particles (e.g., sccond pariicles reated to be hydrophobic)

throughout the coating.

Figure 3 shows a plot of surface roughness (Ra) as a function of coating thickness for one-step

coating made with BAYHYDROL® 140A4.

Figure 4 shows a plot of the araount of abrasion (measured in Taber cycles) required to cause 4

Figur

loss in superhiydrophobicity against coating thickness (i.e., Taber cycle variation with
coating thickness) for a ope-step coating prepared using BAYHYDROL® 140AQ

re 5 shows a plot of the amount of abrasion {measured in Taber cycles) required o cause a
foss in superhydrophobicity against coating roughness measured as Ra (Le., Taber cycle
variation with increasing surface roughness) for coatings prepared using BAYHYDROL®

F40A0

Figure 6 shows a plot of surface roughness, Ra, as a function of thickness for one-step

superhydrophobic coating on steel plates treated with a one-step coatings of
BAYHYDROL® 140AQ and clear 700T with CAB-O-SIL® TS720 ranging from 11-
20%. Within the first approximation, all of the data with three levels of T8720 (11-20%)
fit hincarly. Ra values for one-step coating using BAYHYDROL® 140AQ with clear

00T vaned from 4-15 pm for coating having a thickness ranging from 20-80 pm.

Figure 7 shows a plot of surface roughness, Rz, as a function of the thickness of one-step

superhydrophobic coatings on steel plates described in Example 3 and Figure 6. ¥, values

vary from 25-63 uin for coating thickness from 20-80 um

Figure 8 shows a plot of the amount of abrasion (measured in Taber cycles) required 1o cause a

foss in superhydrophobicity against coating thickness (Taber abrasion data represents
abrasion durability). The number of abrasion cyeles is plotted as a function of thickness
for one-step superhydrophobic coating on the steel plates as deseribed 1o Example 3 and

Figure 6.

Figure % shows a plot of surface roughness, Ra, as a function of thickness for coatings prepared

with one-step superhydrophobic coatings on steel plates. The coatings were prepared with
a combination of BAYHYDROL® 140AQ and clear POLANE 7007 as a binder, 18720
ranging from 1 1-20% second particles, and 7% of Tiger Dirylac first particle. The R, data
shows diffening levels of surface roughnpess variatiops with increasing coating thickness,
the Iowest amount of TST20 (11%) having the least roughness, whereas higher R values

are noted for 15% and 20% T8720.
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Figore 10 shows the surface roughness, Re, as a function of coating thickness for one-step
superhydrophobic coating on steel plates described tn Exarple 4 and Figure 9. Values of
Rz, as a function of thickness follows a trend similar to that noted for R,

Figure 11 shows a plot of the amoont of abrasion (measured 11 Taber cycles) required to cause a
loss in superhiydrophobicity against coating thickness for one-step superhydrophobic
coatings on steel plates described in Example 4 and figure 9. The data show
approximately a linear increase in Taber cycles increasing with increasing coating
thickness. The fowest TS720 content (11%) yields the lowest muraber of Taber abrasion
cycles for loss of superhydrophobicity. For TR720 contents of 15 and 20%, the number of
Taber cycles to loss of superhydrophobicity is stmilar. For a given coating thickness,
perhaps 50w, 1% TS720 gives a Taber value of aboat 300-400 as opposed to 300
abrasion cycles for TST20 at a content of 15 or 20%.

Figure 12 shows a plot of surface roughness, Ra, as & function of coating thickness for one-step
superhydrophobic coating on steel plates. The coaungs were prepared using
BAYHYDROL® 140A0 and white POLANE 00T, and TS720 second particles in
amounts ranging from 11.20%. Ra values show an spproximately linear increase with
increasing thickness for each level of TS720. The lowest values of Ka were noted for
TRT20 of 15%, and the Ra values for TRT20 at 20% showed roughness values that were in
between those of 11% and 209% TS720.

Figore 13 shows a plot of serface roughness, Rz, as a fonction of thickness for one-step
superhyvdrophobic coating on steel plates. The coalings were prepared using
BAYHYDROL® 140A0) and white POLANE 700T and with TS720 in amounts ranging
from 11-20%. Rz values show an approximately linear increase with increasing coating
thickness for each level of TS720. The lowest values of Rz were noted for TS720 of 15%,
and the Rz values for 8726 at 20% showed roughness values that were in between the
values for compositions with 11% and 20% T8720.

Figure 14 shows a plot of the amount of abrasion (measured in Taber cyveles) required to caase a
loss in superhydrophobicity against coating thickness for one-step superhydrophobic
coatings on steel plates. The coatings were prepared using BAYHYDROL® 140AQ and
white POLANE 7007, and TS720 second particles in amounis ranging from 11-20%.

Figure 18 shows a plot of surface roughuess, Ra, as a functon of thickness for one-step
superhydrophobic coating on steel plages, 'The coatings were prepared using
BAYHYDROL® 140AQ and white POLANE 700T, TS720 second particies in amounts
ranging from 11-20%, and 7% of Tiger Drylac {irst particles.

3
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Figure 16 shows a plot of sorface roughness, Ry, as & function of thickness for one-siep
superhydrophobic coatings on steel plates. The coatings were prepared using
BAYHYDROL® 140A0) and clear 7007T, TN720 szcond particles in amounts ranging from
£1-20%, and 7% of Tiger Drylac first particies.

Figure 17 shows a plot of the amwount of abrasion (measured in Taber cycles) required o cause ¢
loss in superhiydrophobicity as a function of thickness for one-step superhydrophobic
coatings on steel plates. The coatings were prepared using BAYHYDROL® 140AQ and
white 7007 as a binder, TS720 second particies in amounts ranging from 11-20%, and 7%
of Tiger Drylac first particle.

Figure 18 shows a plot of the amount of abrasion (measured in Taber cycles) required to cause a
loss in superhydrophobicity as a fumction of coating thickness for one-step
superhydrophobic coatings on steel plates using BAYHYDROL® 140A0 and clear
POLANE® 7007 as a binder, and 15720 second particles. Data for 5,7, and 9% T8720
are included for comparison.

Figare 19 shows a plot of the amount of sbrasion (measured in Taber cyeles) required to cause a
foss in superhydrophobicity as a function of coating thickness for one-step
superhydrophobic coatings on steel plates. The coatings were prepared using
BAYHYDROL® 140AQ and with white POLANE® T00T as a hinder and TS& @) second
particles. Data for 5, 7, and 9% TS720 are included for comparison.

Figore 20 shows a plot of the amount of abrasion (mmeasured in Taber cveles) required to canse a
loss in superhydrophobieity as a function of coating thickness for one-step
superhydrophobic coatings on steel plates for one-step superhydraphobic coatings on steel
plates. The coatings were prepared using BAYHYDROL® 140A4) and clear
POLANETGOT as a binder and TS720 second particles. Data for 1% T8 720 are incladed
for comparison.

Figure 21 shows a plot of the amount of abrasion (measured in Taber cycles) required to cause a
loss in superhydrophobicity as a function of coating thickness for one-step
superhydrophobic coatings on steel plates The coatings were prepared using
BAYHYDROL® 140A80) and with white POLANE 700T as a binder and TH720 second
particles. Data for 11% 18720 are inchuded {or comparison.

Figure 27 shows a plot of the amount of abrasion (measured in Taber cycles) required to cause a
loss in superhydrophobicity as a function of coating thickness for one-step
superhydrophobic coatings on steel plates. The coatings were prepared using
BAYHYDROL® 140AQ m combination with either clear or white POLANE® 7007

4
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(60:40 vivy as a binder, with 11% (w/iw) of CAB-O-8TL TS720 second particles. A portion
of each binder systern received Tiger Drylac first particle at 7% wiw to give four samples.
Results of Taber abrasion testing with a 250g load and ('S10 wheels are provided in the
plot. Although there is scatter in the data, there are two clear trends. First, the plates
coated with cornpositions without first particle have higher abrasion resistance based on
the Taber wear data than plates coated with compositions comprising Tiger Drylac first
particles. Second, for a fixed coating thickness of about 54 microns, coatings without {irst
particles are about 2.5x more abrasion resistant.

Figure 23 shows a plot of Taber abrasion resistance (cycles) piotied as a function of coating
thickness for one-step supethydrophobic coatings on steel plates prepared as described in
Bxample 22, except that each coating composition contained 15% T8720. Data from the
fonr saraple types are plotted, and the rend lines fron the data in figure 272 are inchuded
for references.

Figure 24 shows a plot of Taber abrasion vesistance (cycles to loss of superhydrophobicity)
plotied a function of coating thickness for one-step superhydrophobic coating on steel
plates using BAYHYDROL® 140AQ and clear and white 7007 with 18720 of 20% (1.2.,
the coating described in Figures 22 and 23 with 20% TS720). Data from all four
composttions are compared, and trend lines for the data in Example 22 are jncluded for
reference.

Figore 25 shows a plot of Taber abrasion resistance {cycles o loss of superhydrophobicity)
plotted as a function of coating thickness for one-step superhydrophobic coating on steel
plates using BAYHYDROL® 140AQ and with clear and white 7007 with TS720of 11%
without first particle. This plot shows that for all being equal, white POLANE 7007
provides more Taber durability than clear 7TOUT. Por a coating thickness of 50 pm, Taber
resistance for the white 7007 are about 1.5x that of clear 7007,

Figure 20 shows a plot of surface roughness, Ra, as a function of thickness for one-step
superhydrophobic coatings on steel plates. The coatings were prepared using
BAYHYDROL® 140AQ in combination with clear or white POLANE 7007 as a binder,
TS720 second particles at 11% (w/w }, and Tiger Drylac first particle of 7% as indicated.

Figure 27 shows a plot of surface roughuess, Ra, as a function of thickness for one-step
superhydrophobic coating on steel plates. Coatings were prepared using BAYHYDROL®
140AQ n combination with clear or white POLANE 7007 as a binder, and 15720 second

particles at 11% w/w. The coating composition contained no first particles.

SUBSTITUTE SHEET (RULE 26)
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Figure 28 shows a plot of sorface roughness, Ra, as & function of thickness for one-siep
superhydrophobic coating on steel plates. The coatings were prepared using
BAYHYDROL® 140A40) in combination with either clear or white POLANE 700T as a
binder, TS720 second particles at 11% {(w/hw), and Tiger Drylac first particle at 7% wiw.

Figure 2% shows a plot comparing the abrasion resistance (measured as Taber cycles 1o loss of
superhydrophobicity) plotted against coating thickness. {(oatings were prepared with clear
POLANE 7007 and second particles of M3T at 11 %, either with or without 7 % of 860
first particles. Taber measurements were conducted with a 250-g load and CS10 wheels.

Figure 30 shows a plot companng the abrasion resistance (mmeasured as Taber cycles 0 1oss of
superhydrophobicity) plotted against coating thickness. Coatings were prepared with clear
POLANE 700T and second particles of MST at 11 %, either with or without 7% of S60
first particles. Taber measurements were conducted with a S00-g load and CS 10 wheels,

Figure 31 shows a plot comparing the abrasion resistance {measured as Taber cycles to loss of
superhydrophobicity) plotted against coating thickness. Coatings were prepared with clear
POLANE 7007 and second particles of MST at 11 %, cither with or without 7 % of 860
first particles. Taber measurements were conducted with 3 1,000-g load and CS1O wheels.

Figure 32 shows a plot comparnng the abrasion resistance (measured as Taber cycles to loss of
superhydrophobicity) plotted against coating thickness. Coatings were prepared with clear
POLANE 7007, second particles of MST at 11 %, either with or without 7 % of 860 first
particles and a coating thickness up to 350 microns. 'Taber measurements were conducted
with a 1,000-g load and CS10 wheels.

Figure 33 shows the caleulation of Ra (anithmetic mean roughness) and Rz (ten point mean
roughness). For Ra analysis a section of standard length 1s sampled from the mean line on
the roughness chart. The wean line is faid on a Cartesian coordinate system wherein the
miean line runs n the direction of the x-axis and magunification is the y-axis. The valoe
obtained with the formula given in the figure is expressed in micrometers unless stated
otherwise. For ten-point mean roughness (Rx) a section of standard length is sampled
froro the mean line on the roughness chart. The distance between the peaks and valleys of
the sampled line is measured in they direction. Then, the average peak is obtained among 3
tallest peaks(Yp), as is the average valley between the 5 lowest valleys (Yv). The sum of

these two values 19 expressed in mutcrometers, unless stated otherwise,
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DETAILED DESCRIPTION:
LOW VOC COATINGS

Compositions for forming hydrophobic and/or oleophobic coatings described in this
disclosure include one-step compositions that employ water-based polyurethanes (or
combinations of water based polyurethanes) as a binder in combination with one or more types
of second particles. The compositions set forth in this disclosure may optionally include one or
more types of first particles in addition to third particles.

The low VOC coating compositions described herein provide coatings that do not lose
hydrophobicity and/or oleophobicity when their surface is abraded. As the coatings do not lose
hydrophobicity and/or oleophobicity when abraded, the coatings permit thickness to be used as
the basis to increase the abrasion resistance and durability.

1 Binders

To reduce the amount of VOC's, particularly non-exempt VOC's, that ate released from
coating compositions used to prepare hydrophobic and/or oleophobic coatings, water-based (also
denoted as waterborne) binders may be used to prepare coating compositions that result in SH
and/or OP coatings, including water-based polyurethanes (e.g., water-based polyurethane
dispersions (PUDs), emulsions, and/or suspension).

In addition to low volatile organic compound content, water-based polyurethanes permit
the formation of hydrophobic and/or oleophobic coatings that remain substantially hydrophobic
and/or oleophobic even after substantial surface abrasion. Moreover, water-based polyurethanes
offer mechanical flexibility, size/dimensional stability of the dried and cured coating, and they
can resist embrittlement due to heat and/or light exposure. UV curable versions of water-based
polyurethanes (e.g., PUDs) are also available that avoid the need to heat cure coatings, which is
economically and environmentally desirable due to reduced energy expenditure associated with
light cureable coating applications relative to those requiring or whose curing is enhanced by
heating.

1.1 Water-Based Polyurethanes As Binders

A wide variety of water-based polyurethanes (polyurethane coating compositions
comprising more than insubstantial amounts of water as a solvent and/or diluent) may be used to
prepare hydrophobic and/or oleophobic coatings described herein. Polyurethanes are polymers
consisting of a chain of organic units joined by urethane (carbamate) linkages. Polyurethane
polymers are typically formed through polymerization of at least one type of monomer
containing at least two isocyanate functional groups with at least one other monomer containing

at least two hydroxyl (alcohol) groups. A catalyst may be employed to speed the polymerization
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reaction. Other components may be present in the polyurethane coating compositions to impart
desirable properties including, but not limited to, surfactants and other additives that bring about
the carbamate forming reaction(s) yielding a coating of the desired properties in a desired cure
time.

In some embodiments, the polyurethane employed in the durable coatings may be formed
from a polyisocyanate and a mixture of —OH (hydroxyl) and NH (amine) terminated monomers.
In such systems the polyisocyanate can be a trimer or homopolymer of hexamethylene

diisocyanate (HDI).

CHz sNCO (CHz ;NCHOOR -

Y \K R Y \]/
OCN(HLC)g T (CHYeNCO  -——-- ROOHON(HC)g T (CHpsNCHOOR -----

[¢] 0
HDI Trimer Polyalcohol Polyurethane

Some solvents compatible with such systems include water, n-butyl acetate, toluene,
xylene, ethyl benzene, cyclohexanone, isopropyl acetate, N-methyl pyrrolidone, and methyl
isobutyl ketone and mixtures thereof; although not all of these solvents are VOC-exempt.

A variety of water-based (waterborne) polyurethane compositions may be employed for
the preparation of hydrophobic, SH and/or oleophobic surfaces may be employed. Among the
commercial water-based polyurethanes that may be employed in the preparation of SH and OP
surfaces are those that comprise polycarbonate, polyester, polyethers and/or polyacrylic
urethanes, and their aliphatic counterparts (aliphatic polyester urethane resins, aliphatic
polycarbonate urethane resins, and/or aliphatic acrylic urethanes. The structures of some
examples of polyacrylic urethanes, polyester urethanes, and polycarbonate urethanes are

provided below.

O
O—C—NH~ECH2i/~NHCO]Z

Polyacrylic urethane where x>1, 30>y>2, and z>1

0

0
ool o b
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Polyester urethane where v>1, w >1, x>1, 2>y>30 and z>1

[ ﬁ
O O 0—C—0 C——NH——CH,;—NHCO

Polycarbonate urethane where x>1 and

In some embodiments, the water-based polyurethanes are selected from one or more
members of the POLANE® (e.g., POLANE® 700T, Sherwin Williams, Cleveland, OH) , KEM
AQUA® (Sherwin-Williams), or the BAYHYDROL® (e.g., BAYHYDROL 110, 122, 124,
A145, and 140AQ) families of polyurethane emulsion/dispersions. The polyurethane emulsions
or PUDs used as binders to prepare the hydrophobic and/or oleophobic coatings described herein
may be prepared in water, or a water containing medium comprising a cosolvent that is water
miscible (e.g., isopropanol and/or acetone), particularly cosolvents that are VOC-exempt and
water miscible (e.g., acetone).

Water-based polyurethane binders are compatible with, and show good adhesion to, a wide
variety of surfaces. Using water-based polyurethane binders, superhydrophobic coatings may be
formed on many, if not most surfaces including, but not limited to, those of various woods,
metals, glasses, ceramics, stone, rubbers, fabrics, and plastics.

In some embodiments, the coating compositions for preparing hydrophobic and/or
oleophobic coatings contain binder comprising water-based polyurethane emulsions or PUDs,
such as polyacrylic urethanes or polyurethane-acrylic enamels. In one embodiment the PUDs
employed as a binder are POLANE® compositions (Sherwin Williams), such as POLANE®
700T. In other embodiments, compositions for SH and OP coating preparation comprising
BAYHYDROL® binders are employed for coating plastics and very flexible substrates. In such
an embodiment, flexible materials, such as polycarbonate, ABS, PET, polystyrene, PVC and
polyurethane Reaction Injection Molding (RIM) products, can typically be coated using a one
(1) component (1K) waterborne coating.

In another embodiment, the coating compositions for preparing hydrophobic and/or
oleophobic coatings contain a binder comprising water-based polyester-urethane or aliphatic
polyester urethane dispersion or emulsion in a water containing medium. In another
embodiment, the coating compositions for preparing hydrophobic and/or oleophobic coatings
contain a binder comprising water-based polycarbonate urethane or aliphatic polycarbonate
urethane dispersion or emulsion in a water containing medium. In one embodiment, the

9
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polyurethane emulsion or PUD employed as a binder system is a BAYHYDROL® (Bayer
Material Sciences), such as BAYHYDROL® 110, 122, 124, A145, 140AQ. In some
embodiments the polyurethane binders are UV curable such as BAYHYDROL® UV 2282, UV
2317, UV VP LS 2280, UV VP LS 2317, UV XP 2629, UV XP 2687, UV XP 2689, or UV XP
2690. Water-based polyurethanes may come as a single component ready to apply composition,
or as a two or three part (component) system.

Data for a number of BAYHYDROL® compositions and data for some water based
polyurethane compositions, such as POLANE®s (e.g., POLANE® 700T) can be obtained from
the manufacturers.

In some embodiments, the water-based polyurethane binders comprise a polycarbonate
and/or polyester modified waterborne PUD or an acrylic modified waterborne PUD, any of
which may be used alone or in combination. In some embodiments, the water-based
polyurethane binders comprise a BAYHYDROL® or POLANE® (e.g., POLANE® 700T and
BAYHYDROL® 124), which may be used alone or in combination.

In some embodiments, the coating composition comprises waterborne polycarbonate
and/or polyester modified waterborne PUD in addition to an acrylic modified waterborne PUD.
In such embodiments, the ratio of the waterborne polycarbonate and/or polyester modified
waterborne PUD to the acrylic modified waterborne PUD can be about 30:70, 35:65, 40:60,
45:55, 50:50, 55:45, 60:40, 65:35, or 70:30 on a weight-to-weight basis of the commercially
available PUDs. In one such embodiment, the polycarbonate and/or polyester modified
waterborne PUD is a BAYHYDROL® selected from BAYHYDROL® 110, 122, 124, A145,
140AQ and the acrylic modified waterborne PUD is a POLANE® such as POLANE® 700T.

In one embodiment, the coating composition for the application of superhydrophobic
and/or oleophobic coatings on surfaces comprises: a polyurethane dispersion or suspension
comprising one or more of a polyester urethane, a polyacrylic urethane and/or a polycarbonate
urethane; from about 5 to about 30% by weight of second particles comprising one or more
siloxanes, and/or one or more alkyl, haloalkyl, fluoroalkyl, or perfluoroalkyl containing
moieties; and optionally comprising up to about 26 % by weight of third particles; wherein said
coating composition comprises less than 0.3 pounds per gallon of volatile non-exempt organic
compounds; and wherein the superhydrophobic coating resulting from the application of said
composition to a surface retains its superhydrophobicity after 150-1,400 Taber abrasion cycles at
a 1000g load for coating thickness range of 25-300 microns, and/or 100-2,500 Taber abrasion
cycles at a 250 g load, using a CS10 wheel, as judged by the inability of more than 50% of the

water droplets applied to the area of the coating subjected to said abrasion cycles to remain on
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the surface when the planar surface is inclined at 3 degrees. In some embodiments, the
polyurethane dispersion or suspension comprises a polycarbonate, a polyurethane, and a
polyacrylic urethane. The polycarbonate urethane and polyacrylic urethane may be present in
any ratio including, but not limited to, 90:10, 80:20, 70:30, 60:40, and 50:50 (polycarbonate
urethane : polyacrylic urethane).

In some embodiments, the above-describe water-borne polyurethane coating compositions
(e.g., water based polyurethane dispersions or saspensions} comprise at least one polyester
urethane, polyacrylic urethane, and/or polycarbonate urethane composition that when dried and
cured produces a coating that has: (a) a modulus at 100% elongation of 1300 psi or greater,
and/or (b) an elongation percent at break of 150% or greater. In other embodiments, such
coating compositions comprise: a polyester urethane and apolyacrylic urethane; a polyester
urethane and a polycarbonate urethane; a polyester urethane and a polycarbonate urethane; or
polyester urethane, a polyacrylic urethane, and a polycarbonate urethane.

Superhydrophobic and/or oleophobic coatings compositions may be applied to form
coatings having a broad range of thicknesses. In some embodiments, the coatings will have a
thickness in a range selected from about 10 um to about 225 pm or about 30 um to 350 um.
Within this broad range are embodiments employing coatings of thicknesses that range from
about 10 pum to about 25 um, from about 25 pum to about 50 um, from about 50 pym to about 75
um, from about 75 pm to about 100 um, from about 100 ym to about 125 pum, from about 125
pm to about 150 pm, from about 150 um to about 175 pm, from about 175 um to about 200 pm,
from about 200 um to about 225 pm, from about 15 pm to about 200 um; from about 20 um to
about 150 pum; from about 30 um to about 175 um; from about 50 pm to about 200 um; from
about 20 pm to about 100 pm; from about 100 um to about 220 um; from about 220 um to about
350 pm; from about 15 pm to about 150 um; and from about 160 pm to about 350 pm.

2 First Particles

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

glass, metals (e.g., iron, titanium, nickel, zinc, tin), alloys of metals, metal oxides, metalloid
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oxides (e.g., silica), plastics (e.g., thermoplastics), carbides, nitrides, borides, spinels, diamond,
and fibers (e.g., glass fibers).

Numerous variables may be considered in the selection of first particles. These variables
include, but are not limited to, the effect the first particles have on the resulting coatings, their
size, their hardness, their compatibility with the binder, the resistance of the first particles to the
environment in which the coatings will be employed, and the environment the first particles
must endure in the coating and/or curing process, including resistance to temperature and
solvent conditions. In addition, if light is used for curing the coatings, the particle must be
resistant to the required light exposure conditions (e.g., resistant to UV light).

In embodiments described herein, first particles have an average size in a range selected
from about 1 micron (um) to about 250 um. Within such broader range, embodiments include
ranges of first particles having an average size of from about 1 pm to about 5 pm, from about 5
um to about 10 pum, from about 10 pm to about 15 um, about 15 pm to about 20 pum, from about
20 pm to about 25 pm, from about 1 um to about 25 um, from about 5 pym to about 25 pum, from
about 25 pum to about 50 um, from about 50 um to about 75 um, from about 75 pum to about 100
pm, from about 100 pm to about 125 um, from about 125 pm to about 150 um, from about 150
pm to about 175 pm, from about 175 pum to about 200 um, from about 200 pm to about 225 um,
and from about 225 pm to about 250 um. Also included within the broader range are
embodiments employing particles in ranges from about 10 um to about 100 um, from about 10
um to about 200 um, from about 20 pm to about 200 pm, from about 30 um to about 50 pm,
from about 30 pm to about 100 pm, from about 30 um to about 200 um, from about 30 pm to
about 225 pm, from about 50 um to about 100 um, from about 50 um to about 200 um, from
about 75 um to about 150 pm, from about 75 um to about 200 um, from about 100 pm to about
225 pm, from about 100 um to about 250 um, from about 125 um to about 225 pm, from about
125 pm to about 250 pm, from about 150 um to about 200 pm, from about 150 pm to about 250
um, from about 175 um to about 250 pm, and from about 200 um to about 250 pm.

First particles may be incorporated into binders at various ratios depending on the binder
composition and the first particle's properties. In some embodiments, the first particles may
have a content range selected from: about 1% to about 60% or more by weight. Included within
this broad range are embodiments in which the first particles are present, by weight, in ranges
from about 2% to about 5%, from about 5% to about 10%, from about 10% to about 15%, from
about 15% to about 20%, from about 20% to about 25%, from about 25% to about 30%, from
about 30% to about 35%, from about 35% to about 40%, from about 40% to about 45%, from
about 45% to about 50%, from about 50% to about 55%, from about 55% to about 60%, and
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greater than 60%. Also included within this broad range are embodiments in which the first
particles are present, by weight, in ranges from about 4% to about 30%, from about 5% to about
25%, from about 5% to about 35%, from about 10% to about 25%, from about 10% to about
30%, from about 10% to about 40%, from about 10% to about 45%, from about 15% to about
25%, from about 15% to about 35%, from about 15% to about 45%, from about 20% to about
30%, from about 20% to about 35%, from about 20% to about 40%, from about 20% to about
45%, from about 20% to about 55%, from about 25% to about 40%, from about 25% to about
45%, from about 25% to about 55%, from about 30% to about 40%, from about 30% to about
45%, from about 30% to about 55%, from about 30% to about 60%, from about 35% to about
45%, from about 35% to about 50%, from about 35% to about 60%, or from about 40% to about
60% on a weight basis.

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

In other embodiments where the first particles are a polyethylene or modified
polyethylene, the particle may be present in a content range selected from any of the foregoing
ranges, or in a range of: from about 3% to about 20%; about 5 to about 20%; from about 3% to
about 15%; from about 12 to about 20%; or from about 3% to about 10% on a weight basis.

The incorporation of first particles can lead to a surface that is textured due to the
presence of the first particles. In such embodiments, the presence of the first particles results in
a surface texture that has elevations on the level of the coating formed. The height of the
elevations due to the presence of the first particles can be from less than one micron (where the
first particle is just below the line of the binder's surface) to a point where the first particles are
almost completely above the level of the binder coating (although they may still be coated with
binder). Thus, the presence of first particles can result in a textured surface wherein the first
particles cause such elevations in the binder that have maximum heights in a range up to nearly
250 um. Accordingly, such elevations can be present in ranges from about 1 pm to about 5 pm,
from about 1 pum to about 10 pm, from about 1 um to about 15 pm, about 1 pm to about 20 pm,
from about 1 pm to about 25 pm, from about 1 um to about 50 pm, from about 1 pm to about 75
um, from about 1 um to about 100 pm, from about 1 pm to about 125 um, from about 1 ym to
about 150 pum, from about 1 pym to about 175 pm, from about 1 pm to about 200 um, from about

1 um to about 225 pm, from about 1 pm to about 250 um, from about 10 um to about 80 m,
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from about 15 to about 80 um, from about 20 to about 100 um, and from about 30 to about 70
pm.

The surface texture of coatings may also be assessed using the arithmetical mean
roughness (Ra) or the ten point mean roughness (Rz) as a measure of the surface texture. In
some embodiments, a coating described herein has an arithmetical mean roughness (Ra) in a
range selected from: about 0.2 um to about 20 um; about 0.3 um to about 18 pm; about 0.2 um
to about 8 um; about 8 um to about 20 um; or about 0.5 um to about 15 um. In other
embodiments, a coating as described herein has a ten-point mean roughness (Rz) in a range
selected from: about 1 um to about 90 pm; about 2 pm to about 80 pm; about 3 um to about 70
um; about 1 pm to about 40 pm; about 40 pm to about 80 wm; about 10 um to about 65 pm; or
about 20 um to about 60 um.

In some embodiments the compositions described herein, when dried and cured, produce
a surface with an arithmetic roean roughness (Ra) greater than zere and less than about 30
microns, 20 microns, 16 microns or 10 microns. To other embodiments, the surface roughness of
a dried and cured coating 8 frors about 1 to about 20 microns; from about 2 to about 15
microns, from about 10 to about 20 microns; or from about 10 to about 30 microns.

First particles may optionally comprise moieties that make them hydrophobic and/or
oleophobic. Where it is desirable to introduce such moieties, the particles may be reacted with
reagents that covalently bind moieties that make them hydrophobic and/or oleophobic. In some
embodiments, the reagents may be silanizing agents, such as those that introduce alkyl,
haloalkyl, fluoroalkyl or perfluoroalkyl moieties (functionalities). In some embodiments, the
silanizing agents are compounds of formula (I) (i.e., R4 ;Si-X,), and the various embodiments of
compounds of formula (I) described below for the treatment of second particles. The surface of
many types of first particles can be activated to react with silanizing agents by various
treatments including exposure to acids, bases, plasma, and the like, where necessary to achieve
functionalization of the particles.

In embodiments described herein, the first particles are not modified by adding functional
groups that impart one or more of hydrophobic and/or oleophabic properties to the particles
(e.g., properties beyond the properties inherent to the composition forming the particles). In one
such embodiment, first particles do not contain covalently bound alkyl, haloalkyl, fluoroalkyl or
perfluoroalkyl functionalities (moieties). In another such embodiment, the first particles are not

treated with a silanizing agent (e.g., a compound of formula (I)).
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2.1 Exemplary Sources of First Particles
First particles may be prepared from the diverse materials described above.
Alternatively, first particles may be purchased from a variety of suppliers. Some commercially
available first particles that may be employed in the formation of the hydrophobic and/or

oleophobic (HP/OP) coatings described herein include those in the accompanying Table 1.
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Table 1 First Particles
First Particle
First | Particle |  First Particle First | Density | Size | Color | Crush | Source | Location
particle | (Filler) Type Particle | (g/ec) | Range Strength
No. D Details (um) (psi)
1 |kl (Glass Bubbles GPs* 0.123 30-120 | White |20 M St. Paul, MN
2 KD (ilags Bubbles GPs* 0.15 0-115 | White | 300 MM St. Paul, M
IoSIS (lass Bubbles GPS* 0.15 2595 White | 300 IM™ St. Panl, MN
N W) (Glass Bubbles GPs* 0.2 2075 White | 400 M St. Paul, MN
5 KW (Glass Bubbles GPs* 0.2 20125 | White | 500 MM St. Paul, M
6 KD (lass Bubbles GPS* 0.2 K105 | White | 750 MM St. Panl, MN
783 (Glags Bubbles GPs 0.3 20-80 White | 2000 M St. Paul, M
§ |83 Glass Bubbles GPS* 0.35 1085 White | 3000 MM St. Paul, MN
9 KT (lass Bubbles GPS* 0.37 20-83 White | 3000 MM §t. Panl, MN
10 538 (lass Bubbles P’ 0.38 15-85 White | 4000 MM St. Paul, MN
11 [S38HS (Glags Bubbles GPs* 0.3 1585 White | 5500 MM St. Paul, M.
2 | Ko (lass Bubbles GPS* 046 15-80 White | 6000 MM St. Panl, MN
13 |S60 (lass Bubbles P’ 0.6 15-63 White | 10000 MM St. Paul, MN
14 | S60HS (Glass Bubbles GPs* 0.6 11-60 White | 18000 MM St. Paul, M
15 [AI6/500 | Glass Bubbles Floated 0.16 35135 | White | 500 IM™ St. Paul, MN
Series
16 [A20/1000 | Glags Bubbles Floated 0.2 30-120 | White | 1000 M St. Paul, MN
Series
17 [H20/1000 | Glass Bubbles Floated 0.2 5110 | White | 1000 MM St. Paul, MN
Series
18 | D3U4500 | Glass Bubbles Floated 0.32 20-85 White | 4500 M St. Paul, MN
Series
19 [ H50/10000 | Glags Bubbles Floated 05 20-60 White | 10000 M St. Paul, MN
EPX Series
N |IMK (lass Bubbles Floated 0.6 §6-20.7 | White | 28000 IM™ §t. Panl, MN
Series
A |G 7 Light Spheres™ oM’ 0.7 S0-125 | Gray | 2000 M St. Paul, MN
N |G 7 Light Spheres™ (M’ 0.7 35145 | Gray | 2000 MM §t. Panl, MN
B[ G-3500 7-Light Spheres™ (M 0.7 5200 | Gray | 2000 MM St. Panl, MN
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First Particle
First | Particle | First Particle First | Density | Size | Color | Crush | Source | Location
particle | (Filler) Type Particle | (glec) | Range Strength
No. 1D Defails (4m) (psi)

U660 Zeeo- spheres™ i 13 1-4) Gray | >60000 MM St. P, MN

% ]G80 Zeeo- spheres™ i 12 200 | Gray | 60000 MM St. Pl MN

% G830 Zeeo- spheres™ i A 12200 | Gray | >60000 MM St Paul, MN

0 W10 | Zeeo- spheres™ (o’ 24 1-40) White | >60000 MM St. Pl MN

B [5G Extendo- sphere™ H' 0.72 0-140 [ Gray | 2500 Sphere One | Chattanooga, TN

% DG Extendo- sphere™ i 0.7 J0-140 | Gray | 2500 Sphere One | Chattanooga, TN

0 |SGT Extendo- sphere™ 1§’ 0.7 30-160 | Gray | 2500 Sphere One | Chattanooga, TN

31|16 Extendo- sphere™ HS' 0.7 875 Gray | 2500 Sphere One | Chattanooga, TN

2|86 Extendo- sphere™ i 07 10-149 o 3000 Sphere One | Chattanooga, TN
White

3 |SLT Extendo- sphere™ 3\ 04 1090 ot 3000 Sphere One | Chattanooga, TN
While

3 |SL130 | Exiendo- sphere™ HS' 0.62 70 Cream | 3000 Sphere One | Chattanooga, TN

3 | SLW-I50 | Extendo- sphere™ i 0.68 §-80 White | 3000 Sphere One | Chattanooga, TN

3 |HAT Extendo- sphere™ 1§’ 0.68 10165 |Gy | 2500 Sphere One | Chattanooga, TN

37 |HI-150 | Extendo- sphere™ HS' 0.68 §-8 GOray | 3000 Sphere One | Chattanooga, TN

3% |KLS-90 | Extendo- sphere™ i 0.56 405 Light 1200 Sphere One | Chattanooga, TN
Cray

¥ |KLS-125 | Exiendo- sphere™ B’ 0.36 45 Light {1200 Sphere One | Chattanooga, TN
(ray

40 |KIS-150 | Extendo- sphere™ i 0.56 4-33 Light 1200 Sphere One | Chattanooga, TN
Cray

41 |KLS-300 | Extendo- sphere™ 3\ 0.56 435 Light 1200 Sphere One | Chattanooga, TN
(ray

£ |HA-300 | Extendo- sphere™ HS' 0.68 10-146 | Gray | 2500 Sphere One | Chattanooga, TN

43 |XIOMS12 | Thermo-plastic VPR’ 0.96 10100 | White | 508 XIOM Corp. | West Babylon,

NY
4 | XIOMS12 | Thermo-plastic MPR’ 096 10-100 | Black | 308 XIOM Corp. | West Babylon,
NY
45 | CORVEL Nylon 109 474 ROEM& | Philadelphia, PA
™Black | Thermo-plastic Powder Black HASS
78-7001 Coating
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First
particle
No.

First
Particle
(Filler)

D

First Particle
Type

First
Particle
Details

Density
(gle)

Particle
Size
Range
(m)

Color

Crush
Strength

(psi)

Source

Location

4

Micro-glass
3082

Fibers

MMEGE

105

16X120

Whie

Fibertec

Bridgewater, MA

47

Micro-glass
007D

Fibers
Silane-Treated

MMEGE

033

10X150

White

Fibertec

Bridgewater, MA

#

Tiger
Drylac
Series 49

Polyester crosslinked
with TGIC (triglyeidyl
isocyanurate)

a-(iPS - general purpose series
b - ceramic microspheres
¢ - hollow spheres
d-modified polyethylene resing
¢ - microglass milled E-glass filaments
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3 Second Particles

The coatings disclosed herein employ second particles (e. g., nanoparticles), which bear
hydrophobic moieties. A variety of second particles can be used to prepare the SH and/or OP
coatings described herein. Suitable second particles have a size from about 1 nano meter (nm)
to about 25 um and are capable of binding covalently to one or more chemical moieties( groups
or components) that provide the second particles, and the coatings into which they are
incorporated, hydrophobicity, and when selected to include fluoroalkyl groups, hydrophobivity
and oleophobicity.

In some embodiments, the second particles may have an average size in a range selected
from: about 1 nm up to about 25 pm or more. Included within this broad range are
embodiments in which the second particles have an average size in a range selected from: about
1 nm to about 10 nm, from about 10 nm to about 25 nm, from about 25 nm to about 50 nm, from
about 50 nm to about 100 nm, from about 100 nm to about 250 nm, from about 250 nm to about
500 nm, from about 500 nm to about 750 nm, from about 750 nm to about 1 um, from about 1
um to about 5 pm, from about 5 um to about 10 um, from about 10 um to about 15 um, from
about 15 pm to about 20 um, from about 20 pm to about 25 um, from 1 nm to about 100 nm,
from about 2 nm to about 200 nm, from about 10 nm to about 200 nm, from about 20 nm to
about 400 nm, from about 10 nm to about 500 nm; from about 40 nm to about 800 nm, from
about 100 nm to about 1 pm, from about 200 nm to about 1.5 um, from about 500 nm to about 2
um, from about 500 nm to about 2.5 um, from about 1.0 pm to about 10 um, from about 2.0 um
to about 20 um, from about 2.5 pm to about 25 um, from about 500 nm to about 25 pm, from
about 400 nm to about 20 um, and from about 100 nm to about 15 um, from about 1 nm to about
50 nm, from about 1 nm to about 400 nm, from about 1 nm to about 500 nm, from about 2 nm to
about 120 nm, from about 5 nm to about 100 nm, from about 5 nm to about 200 nm; from about
5 nm to about 400 nm; about 10 nm to about 300 nm; or about 20 nm to about 400 nm.

In the above-mentioned embodiments, the lower size of second particles may be limited
to particles greater than about 20 nm, about 25 nm, about 30 nm, about 35 nm, about 40 nm,
about 45 nm, about 50 nm, or about 60 nm; and the upper size of second particles may be
limited to particles less than about 20 pm, about 10 um, about 5 um, about 1 pm, about 0.8 um,
about 0.6 um, about 0.5 um, about 0.4 um, about 0.3 um or about 0.2 um. Limitations on the
upper and lower size of second particles may be used alone or in combination with any of the
above-recited size limits on particle composition, percent composition in the coatings, and the

like.
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In some embodiments, the coatings may contain first particles in any of the above-
mentioned ranges subject to either the proviso that the coatings do not contain only particles
(e.g., first or second particles) with a size of 25 um or less, or the proviso that the coatings do
not contain more than an insubstantial amount of second particles with a size of 25 pm or less
(recognizing that separation processes for particles greater than 25 pm may ultimately provide
an unintended, insubstantial amount of particles that are 25 um or less).

In other embodiments, first particles have an average size greater than 30 um and less
than 250 um, and coatings comprising those particles do not contain substantial amounts of
particles (e.g., first and second particles) with a size of 30 um or less. In yet other embodiments,
the coatings do not contain only particles (e.g., first and second particles) with a size of 40 um or
less, or particles with a size of 40 um or less in substantial amounts. And in still other
embodiments, the coatings do not contain only particles (e.g., first and second particles) with a
size of 50 um or less, or particles with a size of 50 um or less in substantial amounts.

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

Second particles having a wide variety of compositions may be employed in the durable
SH and/or OP coatings described and employed herein. In some embodiments the second
particles will be particles comprising metal oxides (e.g., aluminum oxides such as alumina, zinc
oxides, nickel oxides, zirconium oxides, iron oxides, or titanium dioxides), or oxides of
metalloids (e.g., oxides of B, Si, Sb, Te and Ge) such as a glass, silicates (e.g., fumed silica),
aluminosilicates, or particles comprising combinations thereof. The particles are treated to
introduce one or more moieties (e.g., groups or components) that impart hydrophobicity and/or
oleophobicity to the particles, either prior to incorporation into the compositions that will be
used to apply coatings or after incorporation into the coatings. In some embodiments, the
second particles are treated with a silanizing agent, a silane, siloxane or a silazane, to introduce
hydrophobic and/or oleophobic properties to the particles (in addition to any such properties
already possessed by the particles).

In some embodiments, second particles are silica (silicates), alumina (e.g., Al,O3),
titanium oxide, or zinc oxide that are treated with one or more silanizing agents, e.g.,

compounds of formula L.
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In some embodiments, second particles are silica (silicates), alumina (e.g., Al,O3),
titanium oxide, or zinc oxide, that are treated with a siloxane.

In some embodiments, the second particles are silica (silicates), glass, alumina (e.g.,
AL O3), a titanium oxide, or zinc oxide, treated with a silanizing agent, a siloxane or a silazane.
In some embodiments, the second particles may be prepared by fuming (e.g., fumed silica or
fumed zinc oxide).

3.1 Some Sources of Second Particles

Second particles such as fumed silica may be purchased from a variety of suppliers,
including but not limited to Cabot Corp., Billerica, MA (e.g., Nanogel TLD201, CAB-O-SIL®
TS-720 (silica, pretreated with polydimethyl-siloxane), and M35 (untreated silica)) and Evonik
Industries, Essen, Germany (e.g., ACEMATT® silica such as untreated HK400, AEROXIDE®
silica, AFROXIDE® TiO, titanium dioxide, and AEROXIDE® Alu alumina).

Some commercially available second particles are set forth in Table 1 along with their
surface treatment by a silanizing agent or polydimentyl siloxane in Table 2.

Table 2

Nominal BET
Produce Surface Level of Surface Area | Particle Size Product
Name Treatment Treatment of Base (nm) Source
Product
(m’/g)
M-5 None None 200 Cab-0-Sil
Aerosil® 200 | None None 200 12 Evonik
Aerosil® 255 | None None 255 Evonik
Aerosil® 300 | None None 300 7 Evonik
Aerosil® 380 | None None 380 7 Evonik
HP-60 None None 200 Cab-0-Sil
PTG None None 200 Cab-0-Sil
H-5 None None 300 Cab-0-Sil
HS-5 None None 325 Cab-0-Sil
EH-5 None None 385 Cab-0-Sil
TS-610 Dimethyldichlorosilane | Intermediate 130 Cab-O-Sil
TS-530 Hexamethyldisilazane | High 320 Cab-0O-Sil
TS-382 Octyltrimethoxysilane | High 200 Cab-0O-Sil
TS-720 Polydimethylsiloxane | High 200 Cab-0O-Sil
Aerosil® Polydimethylsiloxane 100 14 Evonik
R202
Aerosil® Hexamethyldisilaze 125-175 Evonik
R504 (HMDS) and
aminosilane
Aerosil® HMDS based on 220 Evonik
R812S Aerosil® 300

, , ) Hexamethyldisilazat
Dimethyidichiorosilane eame Hy sliazane
| |

I
Ci~Si— s sil
cl I
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As purchased, the particles may be untreated (e.g., M5 silica) and may not posses any
HP/OP properties. Such untreated particles can be treated to covalently attach one or more
groups or moieties to the particles that give them HP/OP properties, for example, by treatment
with the silanizing agents discussed above.

4 Third Particles

In some embodiments, the coatings disclosed herein employ third particles, which unlike
second particles, do not bear hydrophobic moieties. A variety of third particles, which typically
have a size from about 1 nm to 5 um, can be employed in the superhydrophobic and/or
oleophobic coatings described herein.

In some embodiments the third particles may have an average size in a range selected
from about 1 nm to about 5 um or more. Included within this broad range are embodiments in
which the third particles have an average size in a range selected from about 1 nm to about 10
nm, from about 10 nm to about 25 nm, from about 25 nm to about 50 nm, from about 50 nm to
about 100 nm, from about 100 nm to about 250 nm, from about 250 nm to about 500 nm, from
about 500 nm to about 750 nm, from about 750 nm to about 1 um, from about (.5 um to about 4
um, from about 2 um to about 4 um, from 1 nm to about 100 nm, from about 1 nm to about 400
nm, from about 2 nm to about 120 nm, from about 2 nm to about 200 nm, from about 10 nm to
about 200 nm, from about 20 nm to about 400 nm, from about 10 nm to about 500 nm; from
about 40 nm to about 800 nm, from about 100 nm to about 1 pm, from about 200 nm to about1
um , from about 200 nm to about 900 nm, from about 300 nm to about 800 nm; or from about
400 nm to about 700 nm um, from about 500 nm to about 1um, or from about 500 nm to about 1
um.

In the above-mentioned embodiments, the lower size of third particles may be limited to
particles greater than about 20 nm, about 25 nm, about 30 nm, about 35 nm, about 40 nm, about
45 nm, about 50 nm, or about 60 nm; and the upper size of third particles may be limited to
particles less than about 5 um, about 4 pm, about 3 um, about 1 um, about 0.8 um, about 0.6
um, about 0.5 um, about 0.4 um, about 0.3 um or about 0.2 um. Third particles having
limitations on either or both of their upper and lower sizes may be used alone or in combination
with any of the above-recited first or second particles in the coating compositions.

Third particles having a wide variety of compositions may be employed in the durable

coatings described and employed herein. In some embodiments the third particles are particles
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comprising oxides of metalloids or metal oxides including, but not limited to, titanium dioxide,
iron oxide(s) (e.g., 2Fe,O3H,0 or Fe,03), chromium oxide(s). In other embodiments, the third
particles may comprise materials other than metal oxides including, but not limited to, carbon
black, zinc chromate (e.g., 3ZnCrOs7Zn(OH),), azurite (Na;A165140,452), cadmium sulphide(s),
lithopone (ZnS mixed with BaSQ4), CaCOs3, kaolin (hydrated aluminium silicate), talc (hydrated
magnesium silicate), zinc phosphate, zinc chromate, zinc molybdate, barium metaborate, or
BaSO0s. (See, e.g., Paints and Pigments, by Michael D. T. Clark revised and editing by Heather
Wansbrough following correspondence with Steve Lipsham, available on the World Wide Web
at nzic.org.nz/ChemProcesses/polymers/10D.pdf.)

Third particles may be particulate pigments, e.g., carbon black, titanium dioxide, iron
oxide(s), zinc chromates, azurite, chromium oxide(s) cadmium sulphide(s), lithopone, talc
(hydrated magnesium silicate), BaSQ, calcium copper silicate, and Cu,CO3(OH),. Pigments
serve not only to provide color, but may also enhance coating resistance to weather, heat, light,
or corrosion. Third particles may also be mineral compounds that do not provide staining power
or opacity, known as extenders. Extenders may be used to improve coating application
characteristics, as "flatting agents" to provide flat or semi-gloss finishes, or to prevent settlement
of pigments. Some common extenders include CaCOjs, tale, barites, kaolin, silica, and mica. See,
e.g., Paints and Pigments, by Michael D. T. Clark.

In one embodiment, third particles comprise titanium dioxide.

Third particles may be present or absent in the coating compositions, and the resulting
coatings described herein. When present, they may be present in an amount from about 0.01%
to about 25%, from abour 0.01% to about 5%, from about 0.1% to about 5%, from about 1%
to about 5%, from about 0.01% to about 10%, from about 0.1% to about 10%, from about 2% to
about 10%, from about 0.5% to about 25%, from about 5% to about 25%, from about 5% to
about 20%, from about 10% to about 20%, from about 0.01% to about 8%, from about 8% to
about 16%, from about 16% to about 24%, or from about 5% to about 15% by weight based on
the weight of the composition.

5.0 Hydrophobic and Oleophobic moieties of First And/or Second particles

As discussed above, both the first and second particles may comprise one or more
independently selected moieties that impart hydrophobic and/or oleophobic properties to the
particles and the coatings into which they are incorporated. As also noted above, such chemical
entities may be associated with the commercially available particles and/or added by way of

treating the particles.
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In some embodiments, the second particles will bear one or more alkyl, haloalkyl,
fluoroalkyl, and perfluoroalkyl moieties. Such moieties can be covalently bound directly or
indirectly bound to the second particle, such as through one or more intervening silicon or
oxygen atoms. In other embodiments, the second particles will be treated with a siloxane.

In other embodiments, the second particles will bear one or more alkyl, haloalkyl,
fluoroalkyl, and perfluoroalkyl moieties of the formula Rs,Si-, where n is from 1-3, that are
directly or indirectly (e.g., covalently bound) to the second particle, such as through one or more
intervening atoms.

5.1 Silanizing Agents and their Use

A variety of silanizing agents (e.g., compounds of the formula R4.,5i-X,,) can be
employed to introduce moieties, e.g., R3.,Si- groups (where n is an integer from 0 to 2), to the
first or second particles prior to their introduction into the coatings described herein. Silanizing
agents may also be used to introduce such moieties onto coating surfaces and onto/into particles
subsequent to their introduction into the coatings, provided the particles are at or close enough to
the surface of the coating for a silanizing agent to reach and react with those particles. Suitable
silanizing agents typically have both leaving groups and terminal functionalities. Terminal
functionalities are groups that are not displaced by reaction of a silanizing agent with, for
example, particles such as silica second particles (e.g., R groups of compounds of the formula
(I)). Leaving groups are those groups that are displaced from silanizing agents upon reaction to
form bonds with the second particles.

Prior to reacting first or second particles with silanizing agents, the particles may be
treated with an agent that will increase the number of sites available for reaction with the
silanizing agent (e.g., SiCls, Si(OMe)s, Si(OEt)4, SiCl:CHs, SiCl;CH,SiCls, SiClCH2CH,S1Cls,
Si(OMe);CH,Si1(0OMe)s, Si(OMe);CH,CH; Si(OMe)s, Si(OEL);CH,Si(OFEL)3, or
Si(OEt);CH,CH; Si(OEt); and the like). Treatment with such agents is conducted, e.g., with a
1% to 5% solution of the agent in a suitable solvent (e.g., hexane), although higher
concentrations may be employed (e.g., about 5% to about 10%). Where agents such as SiCl, or
Si(OMe), are employed to increase the number of sites available for reaction with silanizing
agents, the surface may first be treated with SiCl, followed by reaction with water to replace the
chlorines with OH groups that react effectively with silanizing agents such as those of formula
(I). Reaction with silanizing agents is typically conducted using a silanizing agent at in the
range of about 1% to about 2% w/v, although concentrations in the range of about 2% to about
5% wiv may also be used. Depending on the reagents employed, the reaction, which often can

be conducted at room temperature, is typically conducted for 1 hour to 6 hours, although
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reaction for as long as 24 hours may be desirable in some instances. Skilled artisans will
appreciate that concentrations and reaction times and conditions other than those described
above (e.g., elevated reaction temperatures)also might be able to be used. In one embodiment,
elevated reaction temperatures from about 30, 40, 50, 60, 90, 100, or 120 degrees up to the
boiling or decomposition point of the silinizing agent may be employed.

Second particles can be treated with reactive silanes, siloxanes and silazanes to produce
hydrophobic effects in a solvent free reaction. In one embodiment the silica and silane are
combined in a reaction vessel equipped with a high speed mixing blade. The liquid silane is
added to the agitating particles at a ratio of 2 to 1 by weight. In another embodiment, the silica
is agitated with a dry air (or inert gas) in a cyclone reactor while liquid silane is introduced as a
fine spray. The mixtures resulting from either process are heated to 200°F for 4 to 8 hours to
complete the reaction and drive off residual volatiles.

In some embodiments, silanizing agents are compounds of the formula (I):

RynSi-X, (D
where n is an integer from 1-3;
each R is independently selected from:
(i) alkyl or cycloalkyl group optionally substituted with one or more fluorine
atoms,
(i1) Cj 020 alkyl optionally substituted with one or more independently selected
substituents selected from fluorine atoms and Ce.14 aryl groups, which aryl groups
are optionally substituted with one or more independently selected halo, Cy ¢ 10
alkyl, Cj 10 haloalkyl, C; ¢ 10 alkoxy, or C; « 10 haloalkoxy substituents,
(ii1) Cg 020 alkyl ether optionally substituted with one or more substituents
independently selected from fluorine and Cg, 14 aryl groups, which aryl groups are
optionally substituted with one or more independently selected halo, C; ¢, 10 alkyl,
C1 0 10 haloalkyl, Cy 10 alkoxy, or C; , 19 haloalkoxy substituents,
(iv) Cg 014 aryl, optionally substituted with one or more substituents independently
selected from halo or alkoxy, and haloalkoxy substituents;
(v) Cyq 1020 alkenyl or Cy4 29 alkynyl, optionally substituted with one or more
substituents independently selected from halo, alkoxy, or haloalkoxy; and
(vi) =Z-((CF,)4(CF3)),, wherein Z is a C; o 12 divalent alkane radical or a Cy.qp
divalent alkene or alkyne radical, g is an integer from 1 to 12, and r is an integer

from 1-4;
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each X is an independently selected -H, -Cl, -I, -Br, -OH, —ORz, -NHR3, or —N(RS)Z
group;
each R is an independently selected Cj 4 alkyl or haloalkyl group; and
cach R?is an independently selected H, C; , 4 alkyl, or haloalkyl group.

In some embodiments, R is an alkyl or fluoroalkyl group having from 6 to 20 carbon
atoms.

In other embodiments, R is an alkyl or fluoroalkyl group having from 8 to 20 carbon
atoms.

In other embodiments, R is an alkyl or fluoroalkyl group having from 10 to 20 carbon
atoms.

In other embodiments, R is an alkyl or fluoroalkyl group having from 6 to 20 carbon
atoms and n is 3.

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

In other embodiments, R is an alkyl or fluoroalkyl group having from 10 to 20 carbon
atoms and n is 3.

In other embodiments, R has the form —Z-((CF,)4(CF3)),, wherein Z is a Cy 15 divalent
alkane radical or a C; , 1, divalent alkene or alkyne radical, q is an integer from 1 to 12, and r is
an integer from 1 to 4.

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

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

In any of the previously mentioned embodiments of compounds of formula (I), X may be
independently selected from H, CI, -OR?, -NHR’, -N(R3)2, or combinations thereof. In other
embodiments, X may be selected from Cl, -ORZ, -NHR3, -N(R3)2, or combinations thereof. In
still other embodiments, X may be selected from, -Cl, -NHR3, -N(R3)2 or combinations thereof.

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

compounds of formula (I) may be employed to modify both the first particles and the binder.
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The use of silanizing agents of formula (I) to modify first or second particles, or any of
the other components of the coatings, will introduce one or more R3,X,Si- groups (e.g., R3Si-,
R, X;Si- or RX,Si- groups) where R and X are as defined for a compound of formula (I). The
value of nis 0, 1, or 2, due to the displacement of at least one "X" substituent and formation of
at least one bond between a particle and the Si atom (the bond between the particle and the
silicon atom is indicated by a dash “-” (e.g., R3Si- RyX;Si- or RX,Si- groups).

Exemplary reagents that can be employed to prepare first or second particles with
hydrophobic and/or oleophobic properties include silanizing agents such as those that are
commercially available from Gelest, Inc., Morrisville, PA. Such silanizing agents include, but
are not limited to, the following compounds, which are identified by their chemical name
followed by the commercial supplier reference number (e.g., their Gelest reference in
parentheses): (tridecafluoro-1,1,2,2-tetrahydrooctyl)silane (SIT8173.0); (tridecafluoro-1,1,2,2-
tetrahydrooctyl)trichlorosilane (SIT8174.0); (tridecafluoro-1,1,2,2-
tetrahydrooctyl)triethoxysilane (SIT8175.0); (tridecafluoro-1,1,2,2-
tetrahydrooctyl)trimethoxysilane (SIT8176.0); (heptadecafluoro-1,1,2,2-
tetrahydrodecyl)dimethyl(dimethylamino)silane (SIH5840.5); (heptadecafluoro-1,1,2,2-
tetrahydrodecyl)tris(dimethylamino)silane (SIH5841.7); n-octadecyltrimethoxysilane
(SI06645.0); n-octyltriethoxysilane (SI06715.0); and 3,3.,4,4,5,5,6,6,6-
nonafluorohexyldimethyl(dimethylamino)silane (SIN6597.4).

Another group of reagents that can be employed to prepare first or second particles with
hydrophobic and/or oleophobic properties include tridecafluoro-1,1,2,2-
tetrahydrooctyl)trichlorosilane; (tridecafluoro-1,1,2,2-tetrahydrooctyl)triethoxysilane;
nonafluorohexyldimethylchlorosilane; (tridecafluoro-1,1,2,2-tetrahydrooctyl)trimethoxysilane;
3,3.4,4,5,5,6,6,6-nonafluorohexyldimethyl(dimethylamino)-silane;
nonafluorohexylmethyldichlorosilane; nonafluorohexyltrichlorosilane;
nonafluorohexyltriethoxysilane; and nonafluorohexyltrimethoxysilane. In one embodiment, the
coating compositions set forth herein comprise silica second particles treated with
nonafluorohexylirichlorosilane.

Two attributes of silanizing agents that may be considered for the purposes of their
reaction with first or second particles and the introduction of hydrophobic or oleophobic
moieties are the leaving group (e.g., X groups of compounds of the formula (I)) and the terminal
functionality (e.g., R groups of compounds of the formula (I)). A silanizing agent's leaving
group(s) can determine the reactivity of the agent with the first or second particle(s) or other

components of the coating if applied after a coating has been applied. Where the first or second
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particles are a silicate (e.g., fumed silica) the leaving group can be displaced to form Si-O-Si
bonds. Leaving group effectiveness is ranked in the decreasing order as chloro > methoxy >
hydro (H) > ethoxy (measured as trichloro > trimethoxy > trihydro > triethoxy). This ranking of
the leaving groups is consistent with their bond dissociation energy. The terminal functionality
determines the level of hydrophobicity that results from application of the silane to the surface.

In addition to the silanizing agents recited above, a variety of other silanizing agents can
be used to alter the properties of first or second particles and to provide hydrophobic and/or
oleophobic properties. In some embodiments, second particles may be treated with an agent
selected from dimethyldichlorosilane, hexamethyldisilazane, octyltrimethoxysilane,
polydimethylsiloxane, or tridecafluoro-1,1,2,2-tetrahydrooctyl trichlorosilane. In such
embodiments, the second particles may be silica. Silica second particles treated with such
agents may have an average size in a range selected from about 1 nm to about 50 nm, from about
1 nm to about 100 nm, from about 1 nm to about 400 nm, from about 1 nm to about 500 nm,
from about 2 nm to about 120 nm, from about 5 nm to about 150 nm, from about 5 nm to about
400 nm, from about 10 nm to about 300 nm, from about 20 nm to about 400 nm, or from about
50 nm to about 250 nm.

In addition to the silanizing agents recited above, which can be used to modify any one
or more components of coatings (e.g., first and/or second particles), other agents can be
employed including, but not limited to, one or more of; gamma-aminopropyltriethoxysilane,
Dynasylan® A (tetraethylorthosilicate), hexamethyldisilazane, and Dynasylan® F 8263
(fluoroalkylsilane), any one or more of which may be used alone or in combination with the
silanizing agent recited herein.

5.2 Use of Compounds Other Than Silanizing Agents

Other agents also can be used to introduce hydrophobic and/or oleophobic moieties into
second particles. The choice of such agents will depend on the functionalities available for
forming chemical (covalent) linkages between hydrophobic/oleophobic moieties and the
functional groups present on the second particles surface. For example, where second particle
surfaces have, or can be modified to have, hydroxyl or amino groups, then acid anhydrides and
acid chlorides of alkyl, fluoroalkyl, and perfluoroalkyl compounds may be employed (e.g., the
acid chlorides: CI-C(O)(CHz)4 0 18CH3; C1-C(O)(CH2)4-10(CF2)2 10 14CF3 5 C1-C(O)(CF2)s 10 15CF3
or the anhydrides of those acids).

6.0 Solvents

6.1 Low VOC and VOC-Exempt Organic Solvents

Volatile organic compounds (VOC) means any compound of carbon, excluding carbon
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monoxide, carbon dioxide, carbonic acid, metallic carbides or carbonates, and ammonium
carbonate, which participates in atmospheric photochemical reactions. This includes any such
organic compound other than the following, "exempt organic solvents" or "VOC-exempt
solvents," which have been determined to have negligible photochemical reactivity: methane;
ethane; methylene chloride (dichloromethane); 1,1,1-trichloroethane (methyl chloroform); 1,1,2-
trichloro-1,2,2- trifluoroethane (CFC-113); trichlorofluoromethane (CFC-11);
dichlorodifluoromethane (CFC- 12); chlorodifluoromethane (HCFC-22); trifluoromethane
(HFC-23); 1,2-dichloro 1,1,2,2- tetrafluoroethane (CFC-114); chloropentafluoroethane (CFC-
115); 1,1,1-trifluoro 2,2- dichloroethane (HCFC-123); 1,1,1,2-tetrafluoroethane (HFC-134a);
1,1-dichloro 1-fluoroethane (HCFC-141b); 1-chloro 1,1-difluoroethane (HCFC-142b); 2-
chloro-1,1,1,2-tetrafluoroethane (HCFC-124); pentafluoroethane (HFC-125); 1,1,2,2-
tetrafluoroethane (HFC-134); 1,1,1- trifluoroethane (HFC-143a); 1,1-difluoroethane (HEC-
152a); parachlorobenzotrifluoride (PCBTF); cyclic, branched, or linear completely methylated
siloxanes; acetone; perchloroethylene (tetrachloroethylene); 3,3-dichloro-1,1,1,2,2-
pentafluoropropane (HCFC- 225ca); 1,3-dichloro-1,1,2,2,3-pentafluoropropane (HCFC-225¢b);
1,1,1,2,3,4,4,5,5,5- decafluoropentane (HFC 43—10mee); difluoromethane (HFC-32);
ethylfluoride (HFC-161); 1,1,1,3,3,3-hexafluoropropane (HFC-236fa); 1,1,2,2,3-
pentafluoropropane (HFC-245ca); 1,1,2,3,3-pentafluoropropane (HFC-245ea); 1,1,1,2,3-
pentafluoropropane (HFC-245¢eb); 1,1,1,3,3-pentafluoropropane (HFC-245fa); 1,1,1,2,3,3-
hexafluoropropane (HFC-236ea); 1,1,1,3,3-pentafluorobutane (HFC-365mfc);
chlorofluoromethane (HCFC-31); 1 chloro-1- fluoroethane (HCFC-151a); 1,2-dichloro-1,1,2-
trifluoroethane (HCFC-123a); 1,1,1,2,2,3,3,4,4- nonafluoro-4-methoxy-butane (C4F9OCH3or
HFE-7100); 2-(difluoromethoxymethyl)- 1,1,1,2,3,3,3-heptafluoropropane
((CF3)2CFCF20CH3); 1-ethoxy-1,1,2,2,3,3.4,4,4- nonafluorobutane (C4F90OC2HS50r HFE-
7200); 2-(ethoxydifluoromethyl)-1,1,1,2,3,3,3- heptafluoropropane ((CF3)2CFCF20C2HS);
methyl acetate, 1,1,1,2,2,3,3-heptafluoro-3-methoxy- propane (n-C3F70CH3, HFE-7000), 3-
ethoxy-1,1,1,2,3,4,4,5,5,6,6,6-dodecafluoro-2- (trifluoromethyl) hexane (HFE-7500),
1,1,1,2,3,3,3-heptafluoropropane (HFC 227ea), methyl formate (HCOOCH3), (1)
1,1,1,2,2.3,4,5,5,5-decafluoro-3-methoxy-4-trifluoromethyl-pentane (HFE-7300); propylene
carbonate; dimethyl carbonate; and perfluorocarbon compounds which fall into these classes:

(1) Cyclic, branched, or linear, completely fluorinated alkanes;
(i) Cyclic, branched, or linear, completely fluorinated ethers with no unsaturations;
(iii) Cyclic, branched, or linear, completely fluorinated tertiary amines with no unsaturations;

and
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(iv) Sulfur containing perfluorocarbons with no unsaturations and with sulfur bonds only to

carbon and fluorine.

6.2 The use of Solvents in Coating Compositions

Where compositions comprise significant amounts of solid components, it may be
desirable to dilute the composiions for ease of application, such as with VOC-exempt solvents
including, bt not Hmited to, water and/or acetone or other water miscible VO -exerapt solvents
in addition to water and any other licuiids that are already present in the composition. In some
embodiments it may be desirable to add non-VOC exempt solvents. Thus, in some
embodiments solvents such as ethanol, isopropanol or n-propanol, alone or in any combination,
may be added as diluents. In one group of embodiments, the coating compositions described in
this disclosure may be diluted with, and/or comprise: water; water and acetone; water and
isopropanol and/or n-propanol; or water, acetone, and isopropanol and/or n-propanol.

Typically water up to 50% or 60% may be used to dilute the coating composition, but
other amounts (e.g., 0.1-10, 10-20, 20-30, 30-40, 40-50, or 50-60 percent by weight of the final
composition) of water or one or more compatible solvents (e.g., acetone, isopropanol, n-
propanol and/or ethanol), alone or in combination may be employed. If possible or desired, the
solvents added in addition to water will be VOC-exempt solvents or contain less than 1, 2, 5, 10,
15, 20%, 25%, 30%, 35% or 40% of solvents that are not VOC exempt. Where application of
the coatings is to be conducted by rolling or brushing, the composition will typically contain an
addition amount of water from about 15% to about 50% by weight of the composition (e.g., the
compositions will be diluted with about 15 grams (g) to about 50 g of water per 100 g of the
base composition). Similarly, where the compositions are to be applied by spraying, the
composition can be diluted by addition of about 40g to about 60g of water, or other solvents
such as acetone, per 100g of the compositions as described herein. Mixtures of water and one or
more VOC-exempt solvents, such as water miscible VOC-exempt solvents, may be employed

for diluting composition to be applied by rolling, brushing and/or spraying.
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In addition to reducing the thickness or viscosity of the compositions, solvents other than
water provide a number potential bepefits including, but not hmited o, more rapid drying where
the solvents are more volatile than water. The addition of solvents other than water also
mereases the ease in mixing components to form a uniform dispersion/suspension, and increases
the stability of the suspension as raeasured by the length of tiree before the components once
mixed will separate. Compositions comprising one or more solvents other than water {e.g.,
acetone, isopropandai, of n-propanol,) such as in the range of 1-25% or 5-25% 1(3-:23% or 10 -
20% (e.g., sbout 1%, 2%, 3%, 10%, 15%, 20%, or 25%) by weight of the final composition
including the solvents, have a greater tendency (o sty 4s suspensions, enulsions or dispersions
for a longer period of time than compositions that are otherwise equivalent but contain water in
place of the solvent. In some erbodinents the compositions will continue (o stay as
suspensions, erulsions or dispersions for two, three, four, five, six, or ten times longer than
compasitions that are otherwise equivalent but contain water in place of the solvent,

7. Application of Coatings

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

The composition may contain any necessary solvents/liquids, particularly water or a VOC-
exempt solvent, to assist in the application process, for example by reducing the viscosity of the
composition.

In some embodiments, the one-step SH and/or OP coatings described above may be treated
to further modify their properties by the subsequent application of compositions comprising
second particles and/or silanizing agents. Such a composition, which may be termed a "top
coats," is applied before the SH and/or OP coating has substantially cured, typically 30-45
minutes after the application of the SH and/or OP coating. When such top coatings are applied,
other components of the coating (e.g., the binder or first particles) may also become modified by
the agent. Top coat compositions typically comprise a solvent (e.g., a VOC-exempt solvent) and
second particles from about 1 to about 20 % weight/volume. Alternatively, the top coat may
comprise a compound of formula I alone or in combination with silica particles having the size
of a second particle. In one embodiment, the top coat comprises acetone as a VOC-exempt
solvent, and 1-5% fumed silica (w/v), about 0.25 to about 2% tetrachlorosilane (SiCly v/v), and
from about 0.25 to about 1.0% (v/v) of a silanizing agent, such as a compound of formula L.

Second particles, applied as part of a top coat composition in a two-step method may be

applied either as a suspension in a suitable solvent that is compatible with the binder system
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(e.g., alow VOC composition, hexane, xylene, and ethanol) or without a solvent using a spray
gun (air spray gun) supplied with a suitable supply of compressed air, nitrogen, or other
compressed gas (e.g., a Binks Model 20010r 2001V spray gun air spray gun; Binks, Inc.,
Glendale Heights, IL, supplied with air at about 50 psi may be employed). Thus, in some
embodiment the top coating composition is applied by spraying or atomizing a liquid second
composition onto the SH and/or OP coating. Alternatively, the second particles are applied
absent any liquid by spraying the SH and/or OP coating with second particles using a stream of
gas.

8. Surface Preparation

To provide good adhesion of coatings to a surface, the surfaces may be cleaned and may
also be abraded to create some degree of surface roughness. Surface roughness can be created
by methods including: (1) scuffing with an abrasive pad (e.g., Scotch-Brite™ pads), (2) fine
sandblasting, (3) tumble blasting with small steel balls, and (4) coarse sandblasting.

The surface roughness of coatings, or the roughness of substrates produced by different
methods, can be measured using a Mahr Pocket Surf PS1 (Mahr Federal Inc., Providence, RI.)
and can be expressed using a variety of mathematical expressions including, but not limited to,
the arithmetical mean roughness (Ra) and ten-point mean roughness (Rz), which are described in
Figure 33.

Scuffing surfaces, such as plastic, with abrasive materials such as Scotch-Brite™ pads
increases the roughness values of plastics to an Ra of about 0.2-0.3 pm to about 0.7-0.9 um and
the Rz from about 1.4 to about 7 um. Sandblasting plastics with coarse sand produces a very
rough surface where the Ra increases substantially into the range of about 5 to about 6 um and
the Rz increases to the range of about 30 to about 37 pm.

The surface of flexible materials, can also be abraded to improve the adherence of the SH
and/or OP coatings. Scuffing with abrasive materials (e.g., Scotch-Brite™ pads) can increase
the Ra of flexible materials such as rubber from the range of about 0.2 to about 0.35 pm to the
range of about 0.4 to about 0.5 um and the Rz from about 2 pm to the range of about 3 to about
4 um. Fine sandblasting of flexible materials, such as rubber, increases the Ra into the range
from about 0.60 to about 0.75 um and the Rz from about 2 um to the range from about 6 to
about 7 um. Tumbling plastics with small steel balls can increase the Ra from about 0.28 to the
range of about 0.3 to about 0.4 um and the Rz from about 2.043 to about 3.28 um. Coarse
sandblasting increases the Ra from 0.3 to the range of about 5 to about 6 um and the Rz to the

range of about 30 to about 35 um.
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9. Use of Hydrophobic and/or Oleophobic Coating

The compositions described herein may be used to apply superhydrophobic and/or
oleophobic coatings to on many, if not most surfaces including, but not limited to metals,
glasses, ceramics, stone, rubbers, fabrics, and plastics to achieve a variety of desirable results.
The coatings may be employed for a variety of uses including preventing or resisting the
attachment of water, dirt and/or ice to the surfaces. Due to their properties, the surfaces may be
employed in applications inclading, bot not limited to, anti-corrosion, anti-icing, self-cleaning,
and Bguid/spill containment.

inone embodiment, may be applied to electrical equipment (0 prevent moisure, water, or
ice from foromng and causing damage through corrosion or arching. In one particular
crbodiment, the elecirical equipment is high voltage insulators and/or wires exposed o rain,
snow ot ice. fn another embodivaent the electrical equipraent are transformers, electrical power
hoxes, clectric motor windings, and/or electrical switches.

In another embadiment, the coatings are applied 1o aircraft (e.g., wings and/or contiol
surfaces) to prevent ice formation.

in another embodiment, the coatings are applied to surfaces of marine equipment exposed
1o temperatures that will freeze fresh andfor sea water (e.g., rails, ladders, booms, hatches, dock
components, and the like) to prevent ice formation.

Coating compositions described herein can be emploved in other embodiments, to form
spill resistant borders on shelves, counters, work areas or fioors,

Another use of the coating compositions deseribed herein s the preparation of self-
cicaning sidings, window frames, gutters, satellite dishes, lawn furniture, and other outdoor
prodricts.

The coatings deacribed herein can be used for corrosion protection in the astomotive
mdustry. In one embodiment, the coatings can be used for corrosion protection on underside of
cars, trucks, and other heavy-duty equipment/vehicles.

10. Coating Compositions

Some exemplary ranges for the SH and/or OP coating components are described in the
table below. Each component (Binder, First Particles, Second Particles, and Third Particles)
may be combined with the other components in any of the ranges set forth in the table below,

provided the components do not total to more than 100%.
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Component Polyurethane Second Third
--------------- Binder First Particles | Particles Particles
Ranges Min - Max % Min -Max % | Min - Max % | Min - Max %
1 30-50

2 35-47

4 30-35

5 35-40

6 40-45

7 45-50

8 50-60

1 1-35

2 0-7

3 0-4

4 4-8

5 10-15

6 15-20

7 20-25

8 25-30

9 30-35

1 7.5-25

2 8-22

3 9-20

4 10-21

5 8-16

6 9-18

7 7.5-10

8 10-15

9 15-20

10 20-25

1 0

2 0-26
3 0>-3
4 0.1-3
5 3-6

6 3-9

7 6-9

8 6-12
9 12-15
10 15-20
11 20-26

Percentages as recited in the preceding table and in the specification are based on the
total weight of the compositions. Unless stated otherwise, the composition percentages given
for the polyurethane binders represent the weight of the polyurethane binder as provided by their
commercial suppliers, which contain from about 34% to 46% polyurethane binder components
on a dry weight basis. Dry weight composition ranges for the binder components may
determined based upon those ranges. Where, component do not total to 100%, the balance is
typical comprised of water and/or other solvents (e.g., VOC-exempt solvents such as acetone or

acetone water combinations). In other embodiments, it may be desirable to add non-VOC
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exempt solvents. In some embodiments solvents that are not VOC-exempt, such a isopropanol
or n-propanol, may be added. Thus, in one group of embodiments, the coating compositions
described in this disclosure may be diluted with, and/or comprise a solvent that is containing:
water; water and acetone; water and isopropanol and/or n-propanol; or water, acetone, and
isopropanol and/or n-propanol.

Thirty four SH/OP coating compositions comprising the above-mentioned components
are set forth in the following table. As with the table above, all recited percentages are based on
the total weight of the composition, with the balance typically being comprised of one or more
compatible VOC-exempt solvents such as water. Once prepared, the compositions may be
diluted with one or more compatible solvents (e.g., water) to control properties (e.g., viscosity)
for application. Typically up to 50% water may be used to dilute the coating composition, but
other amounts (e.g., 0.1-10, 10-20, 20-30, 30-40, 40-50, or 50-60 percent by weight of the final
composition) of one or more compatible solvents (e.g., acetone, isopropanol, n-propanol and/or
ethanol), alone or in combination may be employed. If possible or desired, the solvents added in
addition to water will be VOC-exempt or contain less than 1, 2, 5, 10, 15, or 20% of solvents
that are not VOC exempt. Where application of the coatings is to be conducted by rolling or
brushing, the composition will typically contain an addition amount of water from about 15% to
about 50% by weight of the composition (e.g., the compositions will be diluted with about 15g
to about 50 grams of water per 100 g of the base composition). Similarly, where the
compositions are to be applied by spraying, the composition can be diluted by addition of about
40g to about 60g of water or other solvents or combinations of solvents (such as acetone) per
100g of the composition as described herein. Mixtures of water and one or more VOC-exempt

solvents may be employed for diluting composition to be applied by rolling, brushing and/or

spraying.
Polyurethane | First Second Third
Component Binder Particles Particles Particles
--------------- Polymer Min-Max | Min-Max | Min - Max
Composition Min-Max % | % % %
1 32 -47 0 5-15 0
2 32 -47 0 10-21 0
3 32-47 1-7 5-15 0
4 32 -47 1-7 10-21 0
5 32-47 1-7 5-15 0
6 32-47 1-7 10-21 0
7 32-47 0 5-15 0
8 32-41 0 10-21 0>-10
9 32-41 1-7 5-15 0>-10
10 32-41 1-7 10-21 0>-10
11 32-41 1-7 5-15 0>-10
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Polyurethane | First Second Third
Component Binder Particles Particles Particles
--------------- Polymer Min-Max | Min-Max | Min - Max
Composition Min-Max % | % % %
12 32-41 1-7 10-21 0>-10
13 32-41 0 5-15 10-26
14 32-41 0 10-21 10-26
15 32-41 1-7 5-15 10-26
16 32-41 1-7 10-21 10-26
17 32-41 1-7 5-15 10-26
18 32-41 1-7 10-21 10-26
19 30-39 0 5-15 0
20 30-39 0 10-21 0
21 30-39 1-7 5-15 0
22 30-39 1-7 10-21 0
23 30-39 1-7 5-15 0
24 30-39 1-7 10-21 0
25 30-39 0 5-15 0
26 30-39 0 10-21 0>-10
27 30-39 1-7 5-15 0>-10
28 30-39 1-7 10-21 0>-10
29 30-39 1-7 5-15 0>-10
30 30-39 1-7 10-21 0>-10
31 30-39 0 5-15 10-26
32 30-39 0 10-21 10-26
33 30-39 1-7 5-15 10-26
34 30-39 1-7 10-21 10-26

A skilled artisan will understand that coraposition ranges of individual components may be

selected so that they do not exceed 130%.

In addition to their hydrophobicity and oleophobicity (e.g., superhydrophobicity and/or
superoleophobic) the coatings described in the present disclosure have a variety of other
properties such as flexibility without loosing their hydrophobicity or oleophobicity. In some
embodiments, the coatings compositions when applied to flexible rubber sheet approximately
one eighth of an inch thick, then dried and cured, can be brought to a ninety degree angle around
a cylindrical rod greater than 2, 4, 8, 10, 20, 40, 50, 75, 100, or 200 times at room temperature
(18 to about 23°C) without loss of the coating's hydrophobic or oleophobic properties (e.g.,
remaining hydrophobic or oleophobic or even superhydrophobic and/or superoleophobic).

A skilled artisan will understand that conposition ranges of individual components may
be selected so that they do not exceed 100%. Where compositions comprise significant amounts
of solid corponents, 1t may be desirable to dilute the compositions for ease of application, such
as with VOCU-exeropt solvents in addition 1o any other Hguids that are already present in the

COMPOSHInN.

{Certain embodiments are described below.
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1. A coating composition for the application/preparation of hydrophobic (e.g.,
superhydrophobic) and/or oleophobic (e.g., superoleophobic) coatings on surfaces comprising:

a polyurethane dispersion or suspension comprising one or more of a polyester
urethane, a polyacrylic urethane and/or a polycarbonate urethane;

about 5 to about 30% by weight of second particles comprising one or more
siloxanes, and/or one or more alkyl, haloalkyl, fluoroalkyl, or perfluoroalkyl containing
moieties;

said composition optionally comprising up to about 26 % by weight of third
particles;
wherein said coating composition optionally comprises less than about 0.6, 0.5, 0.4, or 0.3
pounds per gallon of volatile non-exempt organic compounds; and
wherein the superhydrophobic coating resulting from the application of said composition to a
surface retains its superhydrophobicity after 150-1,400 Taber abrasion cycles at a 1000g load for
coating thickness range of 25-300 microns, and/or 100-2,500 Taber abrasion cycles at a 250 g
load, using a CS10 wheel, as judged by the inability of more than 50% of the water droplets
applied to the area of the coating subjected to said abrasion cycles to remain on the surface when

the planar surface is inclined at 3 degrees.

2. The composition of any of eruhodiment 1, wherein said polyurethane suspension or

dispersion does not comprise third particles.

3. 'the composition of embodiment 2, wherein said composition does not comprise first
particles and the superhydrophobic coating resulting from the application of said composition 10
a planar surface retains its superhydrophobicity after 150-800 Taber abrasion cycles at a ,000g
load, for a thickness range of 25-75 microns, and/or2((-1,400 Taber abrasion cycles at a 2503
load for a thickness range of 25-75 microns, on a planar surface using a C510 wheel, as judged
by the nability of more than 30% of the water droplets applied to the area of the coating
subjected to said abrasion cycles 1o rernain on the surface when the planar surface is tnclined at

an angle of 3 degrees.

4. 'The composition of embodiment 1, wherein said composition forther comprises first

particles.

3. The composition of erpbodiment 4, wheretn the composition comprises 5-20% by weight of

first particles.
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6. The composition of embodiment 3, wherein the {frst particles, are selected from oxides of
metalloids, metal oxides, one or more thermoplastics, one or more thermoset plastics, one or

more metals, ong or more glasses, and/or one or more hollow spheres.

7. The composition of any of embodiments 4 10 6, wherein the superhydrophobic coating
resulting from the apphication of said composition to a planar surface retains its
superhydrophobicity after 100-600 Taber abrasion cycles at a 250g load for a thickness range of
40-85 micron using a CS10 wheel, as judged by the inability of more than 50% of the water
droplets applied to the arca of the coating subjected to said abrasion cycles to remain on the

surface when the planar surface s inchned at an angle of 3 degrees.

8. The composition of any of emboediment 1, wherein said polyurethane suspension or

dispersion comprises third particles.

9. The composition of embodiment 8, wherein the composition coruprises 5-20% by weight of

third particles.

1l The composition of any of embodiments 8 to Y, wherein the third particles, are selected
from particles comprising one or more inorganic compounds, one or more oxides of metalloids

or roetal oxides.

i1, The composttion of any of embodiments & 10 10, wherein said composition does not
comprise first particies and the superhydrophobic coating resulting from the application of said
composition to a planar sarface retains its superhydrophobicity after about 300-350 Taber
abrasion cycles at a 1000g load, for a thickness range of 25-75 microns and/or 400- 800 Taber
abrasion cycles at a 250 ¢ load, for a thickness range of 25-&0 microns on a planar surface using
a CS19 wheel, as judged by the inability of more than 5% of the water droplets applied to the
area of the coating subjected (o said abrasion cycles to remain on the surface when the planar
surface is inclined at an angle of 3 degrees.

12, The composition of any of embodiments 8-10, further comprising first particles.

13, The composition of embodiment 12, wherein the composition comprises 3-20% by weight

of first particies.

14, The composition of any of embodimaents 12 to 13, wherein the first particles, are selected
frorn oxides of metatioids, metal oxides, one or more thermoplastics, one Or more thermoset

plastics, one or more metals, one or more glasses, and/or one or more hollow spheres.
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15. The composition of any of embodiments 12 to 14, wherein the superthydrophobic coating
resulting from the application of said composition to a planar surface refains us
superhydrophobicity after 200-1,400 Taber abrasion cycles at a 1000 g load, for a thickness
range of 75-300 microns and/or 400-2, 500 Taber abrasion cycles at a 250 g load, for a thickness
range of 35-90 microns on a planar surface using a CS10 wheel, as judged by the inability of
more than 50% of the water droplets applied to the area of the coating subjected to said abrasion

cycles to remain on the surface when the planar sorface is inclined at an angle of 3 degrees.

6. The composition of any of erwbodiruents 1 to 16, wherein said one or more of a polyester
urethane, a polvacrylic urethane andfor a polycarbonate urcthane are a BAYHYDROL® and/for
a POLANE®.

7. The composition of any of cmbodiments 1 to 15, wherein the composition comprises a
nixhire of polyacrylic urethanes and polycarbonate urethanes.

18, The composition of embodiment 17, wherein said aqueous polvurethane dispersion ot
suspension coraprises a mixture of at least two of! a polyester urethane, an aliphatic polyester
urethane, a polycarbonate wrethane a polyacrylic urethape, and an aliphatic polycarbonate
urethane

19, The composition of embodiment 18, wherein said muxture comprises 8 BAYHYDROL® and
a POLANE®.

20. The composition of embodiment 19, wherein said nuixture comprises a ratio of
BAYHYDROL® to POLANE® from 90:10 to 50:50.

21. The composition of emubodiments 18 to 20, wherein said BAYHYDROL® is
BAYHYDROL® 124, 122, 110 or 140AQ.

2Z2. The composition of any of embodiments 18-22 wherein said POLANE® is POLANE®
TOOT.

23, The compositicn of any of embodiments 1 1o 22, wherein said composition further
comprises second particie have a size of about 2 nm to about 120 nm.

24, The composition of any of embodiments 1 to 22, wherein said second particle have a size of

about 1 mim 1o up 0 about 25 nucrons
25. The composition of embodiment 24, wherein said particles are silica particles.

26. The composition of any of embodiments 1 to 24, wherein said siloxane is
polydimethylstloxane.
39

SUBSTITUTE SHEET (RULE 26)



WO 2012/115986 PCT/US2012/025982
27. The composition of any of embodiments 1 1o 23, wherein said one or wore alkyl, haloalkyl,
fluoroalkyl, or perfluorcalky! containing moietics are one or more alkylsilane, haloalkvisilane,

fluorcatkyisilane or perfluorcalkylsiiane groups.

28. The composition of embodiment 27, wherein said alkyl, haloalkyl, fluoroalkyl,
fluorcalkylsilane and/or perlluoroalkylsilane groups resalt from the reaction of silica or metal
oxide particies with one or more silanes selecied from the group consisting of: a compound of
formula 1, (tridecafluoro-1,1,2 2-tetrahydrooctylsilane (SIT8173.0); (wridecativoro-1,1,2,2-
tetrahydrocetyDirichlorosilane (SIT8174.0; (tridecalluore-1,1,2,2-
tetrahydrooctyirethoxysitane (SET8175.0y; (tridecafloore-1,1,2,2-
tetrahvdrooctyiitrimethoxysitane (SI18176.0); (hepladecativoro-1,1,2.2-
tetrabhvdrodecylidimethyl(dimethylamino)silane (SIHS84{).5); (heptadecaflvoro-1,1,2,2-
etrahvdrodecyhitris{dimethylamino)silane (STH3841.7); neoctadecylirimethoxysilane
(S106645.0); n-octyltriethoxysilane (SIO6715.0); and 3.3,4,4,5,5,6,6,6-

nonaflucrohexyldimethyl{dimethylaminoisilane (SING397.4).

29. The composttion of embodiment 27, wherein said alkylsilane and/or fluoroalkylsilane resuit
fromt the reaction of silica or metal oxide particles with one or 1wowe silanes selected {ron: the
group consisting of: tridecattvorc-1,1,2, 2 -tetrahydrooctyljirichlorosilane; {tridecafluoro-1,1,2,2-
tetrahvdrooctyhiriethoxysilane; nonaflaorohexyldimethylchiorosilane; (tridecatlaoro-1,1,2.2-
tetrahvdrooctylirimethoxysilane; 3,3,4,4,5,5,6,6,6-nonafluorchexyldimethyi{ dimethylamino}-
sijane; nonatiuorohexylhmethyldichlorosilane; nonafivorohexylirichiorosilane;

nonaflucrochexyitriethoxysilane; and nopafluorohexyltnimethoxysilane.

30 The composiion of any of the preceding embodiments wherein said second particles are

present frors about 20 to about 30% by weight.

31. The composition of any of embodiments 1-30, wherein said second particles are present in

an amount from about 5 to about 20% by weight.

32, The composition of embodiment 31, wherein said second particles are present in an amount

from about 10 to about 12% by weight.

33. The composition of any of embodiments | to 32, wherein said coating is both

superhydrophobic and oleaphobic.

34, The composition of any of embodiments 4 10 7, 14 o 33, comprising two or more, or three

or rore, types of fivst particles having different conpositions.
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33, The composttion of any of embodiments 4 to 7, 14 10 34, comprising a thermoplastic or

thermoset plastic first particle.

36. The composition of embodiment 35, wherein said thermoplastic or thermoset plastic first

particle comprise about S to about 10% of the composition by weight.

37. The composition any of embodiments 4 to 7, 14 to 34, comprising glass bead or hollow

¢lass sphere first particles.

3&. The composition of embodiment 37, wherein said glass bead or hollow glass sphere first

particles comprise about 5 to about 15% of the compositian by weight.

39. The composition of embodiruent 38, wherein said glass bead or hollow glass sphere first

particles comprise about 6 10 about §% of the composition by weight.

40, The composition of any of the preceding embodiments, that when dried and cured produces

a surface with an arithmetic mean roughness (Ra) of less than about 30 microns

41. The composition of any of the preceding embodiments, that when dried and cured produces

a surface with an arithmetic yoean roughness (Ka) of less than about 20 microns

42, The composttion of any of the preceding embodiments, that when dried and cured produces

a surface with an anthmetic mean roughness (Ra) of less than about 16 microns

43, The composition of embodiment 40, wherein said anthroetic mean roughness (Ra} 1s from

ahout 1 1o about 20 microns.

44, The composition of any of embodiments 1-43, comprising from about 30% to about 50%

polvurethanes by weight.

45. The composition of any of erwbodiments 1-44, wherein said polyurethane dispersion or
suspension coraprise at least one polyester vrethane, polyactviic urethane, and/or polycarbonate
urethane composition that when dried and cured produces a coating that has: {a) a modulus at
H0% elongation of 1300 psi or greater, and/or (b} an elongation percent at break of 150% or

greater.

46. The composition of any of embodiments 1-43, further comprising 0.1-10, 10-20, 20-34, 30-

40), 40-50 or 50-60g of one or more compatihie solvents per 100 g of coating composition.

47. The composition of embodiment 46, wherein said one or more compatible solvents are
VO{-exempt solvents such as a water, acetone or a combination of water and acetone, and
wherein said coating composition comprises less than about 0.5, 0.4, 0.3, or 0.2 pounds per

gallon of volatile non-exempt organic compounds.
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48. The composition according to embodiment 47, wherein sard one or more solvents that are
not VOC-exempt solvenis (non-YOC-exerapt solvents), or solvents compositions that comprise
solvents that are not YOU-exempt solvents such as: ethanol; isopropanol or n-propanol; water
and isopropanol and/or n-propanol; acetone and isopropanol and/or n-propanol; or water,

acetone, and isopropanol and/or n-propanol.

49. A hydrophobic (superhiydrophobict and/or oleophobic (superoleophobic) coating formed by

the application of the composition of any embodiments 1-48.

50. A method of coating at least part of a surface comprising the application of a composition of

any of embodiments 1-48.

51. The method of embodiment 50, wherein said method comprises dipping, spraying, rolling,

or spin coating said composition onto said surface.

52. The method of any of embodiments 50 or 51, further comprising drying the coating
composition at an elevated temperature (e.g., at about 120, 140, 160, 180, 200, 220, or 240

degrees Fahrenheit)

53. The method of any of embodiments 50-52, further comprising applying a top-coat to said

coating.

54. The method of embodiment 53, wherein said top-coat comprises second particles (e.g.,
fumed silica) treated to be hydrophobic (e.g., particles treated with a silanizing agent such as
those described in section 5.0 including, but not limited to, silanizing agents of formula I) or
wherein said top-coat comprises a silanizing agent (e.g., a silanizing agent such as those

described in section 5.0 including, but not limited to, silanizing agents of formula I).
55. A coating prepared by the method of any of embodiments 50-54.

56 The coating of embodiments 49 or 55, wherein in said coating further comprises a top-coat of
second particles treated to be hydrophobic (e.g., treated with a silanizing agent such as those
described in section 5.0 including, but not limited to, silanizing agents of formula I) or the
coating further comprising a top-coat of a hydrophobic silane group (e.g., a surface treated with
silanizing agent such as those described in section 5.0 including, but not limited to, silanizing

agents of formula I).

57. The coating of any of embodiments 49 and 55-56, that when dried and cured produces a
surface with an arithmetic mean roughness (Ra) in a range selected from: about 0.2 um to about
20 pum; about 0.3 um to about 18 um; about 0.2 pm to about 8 um; about 8 um to about 20 pm;
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or about 0.5 um to about 15 pm; or a roughness that is less than about 30 microns, 20 microns,

16 moicrons or 10 mucrons.

58. The coating of any of embodiments 49 and 55-57, wherein said polyurethane dispersion or
suspension comprise at least one polyester urethane, polyacrylic urethane, and/or polycarbonate
urethane composition that when dried and cured produces a coating that has: (a) a modulus at
100% elongation of 1300 psi or greater, and/or (b) an elongation percent at break of 150% or

greater.

59. The coating of any of embodiments 49 and 55-58, that retains its hydrophobicity
(superhydrophobicity) and/or its oleophobicity (superoleophobicity) after a flexible substrate
(about 1/8 inch in thickness) coated with said coating is bent greater than 100 times a right angle

around a cylinder with a diameter of 1/4 inch.

60. The coating composition of any of embodiments 49 and 55-59, wherein said second particles
are dispersed throughout the coating thickness, and wherein said coating retains its
hydrophobicity (superthydrophobicity) and/or its oleophobicity (superoleophobicity) after

abrasion.

61. The coating of any of embodiments 49 and 55-60, that retains its hydrophobicity
(superhydrophobicity) and/or its oleophobicity (superoleophobicity) after being exposed to rain

or a shower for more than 1 hour.

EXAMPLES
For the purposes of this disclosure a hydrophobic coating is one that results in a water

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

superhvdrophobicily may be assessed by measurernent of the contact angle of water
droplets with the surface. Where contact angles are not provided or determined directly, the
superhydrophobicity of a coating, and particularly the loss of superhydrophobicity after abrasion
testing, may be determined by placing water droplets on a coated surface inclined at 3°. Where
more than half of the water droplets remain on the surface when it is inclined to 3°, the coating is

deemed to have lost its superhydrophobicity.
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For the purposes of this disclosure an oleophobic (OP) coating is one that results in a light
mineral oil droplet forming a surface contact angle exceeding about 90° and less than about 180°
at room temperature (about 18 to about 23°C). Similarly, for the purposes of this disclosure a
superoleophobic coating is one that results in a water droplet forming a surface contact angle
exceeding about 150° but less than the theoretical maximum contact angle of about 180° at room
temperature. The term oleophobic includes superoleophobic, and may be limited to

superoleophobic, unless stated otherwise.

EXAMPLE §;: EFFECT OF BAYHYDROL® TYPE BINDERS IN ONE-STEP COATING
AND ITS PERFORMANCE IN TWO SYSTEMS
Binder Compositions

Coating compositions comprising two water-based (waterborne) polyurethanes as
binders; a clear BAYHYDROL® (e.g., BAYHYDROL® 110, 122, 124, A145, or 140AQ) and a
POLANE® (e.g., POLANE® 700T) were prepared. For each composition in System 1 a
BAYHYDROL® and a POLANE® were combined in various ratios having from 40% to 70%
BAYHYDROL® and from 60% to 30% POLANE® 700T on a weight to weight basis (w/w),
based on the composition as provided by the commercial suppliers (e.g., 4::6 to 7::3 ratios of
those components). The binder compositions contained third particles (pigment) where it is
indicated that they were "white", and may also contain third particle functioning as extenders.
The combined system can be further diluted with up to 50% water (by weight). The combined
BAYHYDROL® - POLANE® binder system was used in two different modes discussed below.

Example 1A -- One-Step Compositions

Fumed silica, or other second particles, pretreated with siloxane, were added to the above —
described binder composition. Second particles were added in amounts ranging from about 5%
to about 20% of the composition by weight. Particle size, surface area, and treatments of
various fumed silica particles used are given in Table 1.

The composition of this mode rpay have water additions of up o 50% by weight based
upon the weight of the binder composttion as described above. Once all components were
added to the binder {e.g., second added), the complete compositions were mixed well using steel
balls or a low shear wixer. The mixed composition was applied to various subsirates asing an
air spray gun or other means as indicated (e g., roller) effective to apply a coating to at least a
portion of a surface. Unce a coating was applied, the surfaces were cured atl ambient conditions
{65-85"Fyin 12-16 b, The cured coatings were superhydrophobic with water contact angles
over 1507, The corapositions containing all components were essentially VOC-free as no
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solvents thal were not VOC-exenpt were used (see Details 1o the Diescription). In a variation of
the above-described one-step method, 4 top coating, as described herein helow Hxample 1B, can

be applied over the one-step coating to enhance or alter Hs properties.

Example 1B ~ One-Step Compositions with Top Coat Treatment

To the composiitons of Example 1A one or more of the first particles (filler particles) from
the listin Table 2 are added. First particles can comprise from up 0 20% {(e.g., 5-20%) of the
composition by weight.

In some embodimoents, a top coat can be applied to the SH or OP coating described herein,
such as the compositions of Example 1A or 18, to {urther modify the properties of the coatings.
In one embodiment. the top coat comprises acetone, as a VOC-exempt solvent and 1-5% fumed

7

silica (w/v}), optionally about .25 to about 2% tetrachlorosilane ($iCly v/v), and from about
1,25 to about 1.0% {v/v)ol a silane such as a compound of tormula T or one of the specific
stianizing agent s recited in Section 5.1. In addition to the foregoing components, about (1.1 to
about 1% v/v water can be added. In another embodiment, the top coat may comprises acetone,
as a VOC-exempt solvent and 1-3% of second particles (e.g., wiv in g/mal) and may optionally
contain about 0.25 to about 2% tetrachlorosilane (SiCls v/v), and from about .25 1o about 1.0%
{viviof a silane such as a compound of formula [ or one of the specific silanizing agents recited
1 Section 5.1,

When a top coat is apphied 1t s typically applied by with air spray gun to base coats are
close to completely (100%) dry. The typical drying time for SH and/or OP coats can vary from
45-90 min, at which time they are ready for top coating. In another embodiment, surfaces may
be coated a composition described in Example 1A and 18 that has been modified to omit second

particles, and then given 2 top coat. In such a case the coating composition serves as 4 base coat

{stmilar to a primer} 1o which a top coat can be applied to obtain the SH and OF performance.

EXAMPLESFOR SYSTEMS TAND 2

Coating compositions comprising a BAYHYDROL® (124, 122, 118, Al45, or 140AQ,
Bayer Matertal Science) were mixed with POLANE® 00T (product F63W522, white and
applied 1o metal plates. The durability of the SH and/or OF coatings {(resistance of the loss of
SH andfor OF properties to abrasion) formed from the compositions were measured. In each
case, the BAYHYDROL® and 7007, as prepared by the raanufacturer, were mixed in a rafio of
60:40 by volume. To each 100-g mixture was added 7g of Corvel black as a first particle, 11-g
TS7I0 fumed silics, and 50-g water. The mixtures were agitated using low shear mixer (o
distribute the TR720 uniforroly in the composition. o cach case, the solulion was sprayed on
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ahivainim plates o approximately the same thickness. After spraying, the plates were atr-driad
for 30 min followed by curing for 20 min in an oven at 2007F.On testing, the cored plates all
displayed superhydrophobicity and were tested {or loss of that property using a Taber tester with
4 250-g load (CS10 wheel) by assessing the ability of water droplets applied to the abraded
surface to roll off when it was inclined at 3 degrees. The failure of more than half of the
dropiets to rolf off the surface was taken as an indiction of a loss of superhydrophobicity. The
Taber data from the coatings formed from the various BAYHYDROL® contaimng
corppositions are sunwparized in Table 3. That table also tncludes the key physical, cheniical,
and mechanical properties of various BAYHYDROL®s, Faber data for various
BAYHYDROL® containing compositions is also compared in Fig. 1.

Compositions comprising POLANE 7007 and BAYHYDROL® 140AQ gave the most
abrasion resistant SH andfor OP coatings with a 250g load (two coatings were 4lso assessed with
a 1,000z load). BAYHYDROL® 140AQ while similar to other BAYHYDROLs listed in Table
3 has several distinguishing characternistics including its cosolvent {Toluene which is present in
sraall amounts, 1%), s high tensile clongation, low modutus of 800 psi, and low hardness (& vs.
H and ZH for others}, BAYHYDROL® 140A4) is polyester-based, and comprises sodium
sulfinate fimctionality. While not wishing to be boand by any theory, it is believed that the
sodiura sulfinate can serve 4s a surfactant and ai1d 1n distributing fumed silica particles (TS720)
more uniformly throughout the entire coating thickness. Based on that hypothesis, one-siep
coating based on BAYHYDROL®s 124, 122, 110, and A145, which have second particies
localized near the surface are shown diagrammatically in Fig. 2(a). Tn contrast, one-siep
coatings formed with BAYHYDROL® 140A(, which are believed to have the second particles
distributed throughout the coating, are diagramed in Fig. 2(b). The schematic in Fig. 2 shows one
mierpretation for the loss of some or all of the superhydrophobicity 1n coatings sach as those
depicted in Fig. 2{a). Those coatings would loose superhydrophobicity once the top of the
coating bearing second particles 1s worn away. The schematic in Fig. 2(b} shows one
interpretation for the continued superhydrophobicity of coatings with second particles dispersed
throughout the coating thickness even as the coating is abraded, until it reaches bare roetal.
Coatings shown in Fig. 2(b) show thickness dependence wear and their ability to withstand
increasing munbers of Taber abrasion cycles increases with increasing coating thickness asis

shown, for example, in Example 2.
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Table 3: Properties of Various BAYHYDROL®s used tn Developing One-Step Superhydrophobic Coatings

Modulus
a Tabers
L o ; : : 0% 100 Swell
: Noof i . Water : Tensile ‘Bongation Hongation: Cycles : after 26 : ;
‘Bayhydrol Taber: Viscosity Solids Cosolvent Cosolvent:Cosolvent:Strength- atBreak  (psi) : @1000g : (g  Urethane :
. Type :Cycles: ph : (mPas) : (% . Type (% (wt% o (psi) : (%) :(mg loss) : Hardness Water [IPA :MEK Xylene: Type
S E) 70005M400 %42 NigP SRR R 7 R ) 5 15 R 5 Poycebonats
2 T 0005400 2 MEP 0 5 ) 50 80 400 i B - M 5 W 45 30 Pojoabonate:
M0 10 750550400 52 MEP 0 5 B B0 180 0 i 2 - M 10 % B 2 Pojesr
: . Naphtha 100 : ; ; : b :
A 15 7585 40MIA0 4347 4 # C Pjanle
o 2—butoxyethano|§ Lo : : : o
140AQ 375 BO80100700 40+2 Tobee - 1 M B0 40 800 S ) 105 50 :Poyester

Abbreviations and notations;
NM2P - N-methyl-2-pyrolidone
Hardness on Pencil Lead scale as reported by manufacturer (pencil lead hardness) F- Firm; H hard, 2H
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EXAMPLE 2: COATING THICKNESS EFFECT USING BAYBHYDROL® 140AQ

A 6040 mixture of BAYHYDROL® 140AQ and Plane 700T was made on 3 volome
basis using compositions as distributed by the manufacturer. To 100 g of the mixhure was
added 7-g Tiger Drylac clear matie powder (Series 493, 11-g of CAB-O-SIL® T8728, and
3(-g water. The mixture was preparved by low shear mixing and applied by spraying with an
afr gon with (~ 40 psi pressure) on to steel (4 by 4 inch {(in.) plates of 0.062-in. thickness).
Steel plates were used for ease of measuring the coating thickness using a magnetic-hased
sensor {Model 95520 Digital Gauge, Cen-Tech, Tatwan). A total of seven plates were
sprayed and tested for coaling thickness, surface roughness, and resistance to wear (i.e.,
Taber cycles 250-g load). Data on the plates are summarized 1o Table 4, which shows the
coating thickness varied from {0-68 pm (0.4-2.7 mils) and the surface roughness increased
with increasing thickness (Fig. 3} from B, = 2.59 pm to R, = 12.56 ym. The Taber cycles
increased approximately lincarly with thickness (see Fig. 4) from 40 to 800, an increase of
20 from the thinnest 10 the thickest coating. The line in Fig. 4 can be used 45 a guide 1o
selecting the ¢oating thickness for & defined Taber durability. The Taber durability also

appears {0 increase with increasing surface rooghness as indicated in Figure S

Table 4; Taber and Surface Roughness Data on Stesl Plates Coated with One-Step
Systemn using BAYHYDROL® 148AQ

Coating Surface Coating
Thickness | Tabers | Roughness, R, | Thickness
(mils) (Cycles) (pm) (um)
04 40 2.59 10.16
0.7 100 4.69 17.78
0.9 195 4.55 22.86
1.1 240 8.89 27.94
1.9 600 12.40 48.26
2.2 750 12.32 55.88
2.7 800 12.56 68.58

EXAMPLE 3: VARIATION ON SECOND PARTICLE CONTENT IN A ONE-STEP
COATINGS PREPARED WITH BAYHYDROL® 140AQ/CLEAR 700T BINDER AND
CAB-O-SIL® TS720 RANGING FROM 11-20%

A 60:40 e of BAYHYDROL® 140AQ and clear POLANE® 700T (F63V521) by
volume was prepared using those products as distributed by their manufacturers. To d0 ¢
amounts of each mixture was added 4.4, 6.0, and 8.0 g {ie, 11%, 15%, and 20%) of CAB-O-

SIL® TS720. Also added to each mixture was 20-g (50%) water. All percentages are
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calculated and based on 100 g of 60140 mixture. The compositions were each mixed using
steel balls or a low impact mixer.

Fach mixture was sprayed (using an air gun) on 4x 4-in square steel plates at five
different thicknesses. Al of the plates were air-dried for 30 min prior o drving in an oven at
200°F for 30-40 min. Fach plate was subjected to thickness measorement, surface roughness
measurement (R, and R, values), and wear resistance using a Taber abrader (Taber abrasion).
All Taber abrasion measurements were obtained using 250-g load and CS10 wheels. Data
are sumumarized in Table 5 and plotted in Figs. 6-8. Figures 6 and shows the plot of surface
roughness, R, and R, values respectively. Figure 8 shows Taber data as a function of coating
thickness.

Table 5: Sumimary of Data for One-Step Coating on Steel Plates made with
BAYHYDROL® 148A Q) and clear 7807 Fumed Silica TS720 Varied from 11-20%

Number of Coating
Thickness Tabers R, R, Thickness
Coating Plate # (mils) 250-g Load (m) (pum) (1um)

40.0g Bay 1.1 0.93 300 3.36 23 23.62
140/700T Clear 1.2 1.47 650 7.02 36.8 37.34
(60/40), 4.49g 1.3 1.46 300 5.52 33.7 37.08
TS720, 20.0g 1.4 2.29 1500 8.21 41.4 58.17
Water 1.5 2.2 750 10.35 55.3 55.88
40.0g Bay 2.1 1.01 150 5.79 31.7 25.65
140/700T Clear 2.2 1.34 450 7.44 43.2 34.04
(60/40), 6.0g 2.3 1.62 500 9.61 55.2 41.15
TS720, 20.0g 2.4 2.16 800 9.99 56.4 54.86
Water 2.5 3.02 350 13.46 63.8 76.71
40.0g Bay 3.1 0.99 50 5.28 30.1 25.15
140/700T Clear 3.2 1.41 5.88 31.6 35.81
(60/40), 8.0g 3.3 2.26 300 9.82 54.4 57.40
TS720, 20.0g 3.4 2.12 300 10.11 59.8 53.85
Water 3.5 2.14 200 13.43 57.5 54.36

EXAMPLE 4: ONE-STEP COATING WITH BAYHYDROL® /POLANE® BINDER
WITH VARYENG AMOUNTS OF SECOND PARTICLES AND THERMOPLASTIC
FIRST PARTICLES (TIGER DRYLAC)

The mixtures in Bxample 3 were duplicated with the exception that in ali cases a 7%
addition of a thermoplastic {irst particle powder {Tiger Drylac) was added. Mixtures with
each level of CAB-O-SIL® 18720 and 7% of first particie were sprayed, using an air spray

gun, on five 4 x 4-in. squarg plates to achieve five different thicknesses on different plates.
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Fach plate was subjected to thickness, surface roughness, and Taber abrasion testing, which

is sumimarived in Table 6, and plotied in Figs. 9-11.

Table 6: Summary of Data for One-Step Coating on Steel Plates made with
BAYHYDROL® 148A0 and Clear 78T Fomed Silica TST28 was Varied from 11-20%

and 7% of Tiger Drylac was added as a First paviticle

Number of Coating
Thickness Tabers R, R, Thickness
Coating Plate # (mils) 250-g Load (um) (um) (um)

40.0g Bay 4.1 1.66 100 3.71 24.1 42.16
140/700T Clear 42 1.89 5.61 33.7 48.01
(60/40), 4.49 4.3 2.18 300 6.35 39.2 55.37
TS720, 2.8 Tiger[ 4.4 3.08 10.97, 61.7 78.23
Drylac, 20.09 45 3.28 600 17.64 88 83.31
40,09 Bay 5.1 1.31 500 9.47 53.2 33.27
140/700T Clear 52 1.92 900 12,54 75.8 48.77
(60/40), 6.0g 5.3 2.3 15.26 69.9 58.42
TS720,2.8 Tiger| 54 3.38 17.26 90.3 85.85
Drylac, 20.0g 55 3.48 10.85 54.4 88.39
40.0g Bay 6.1 0.84 150 7.49 40.3 21.34
140/700T Clear 6.2 1.13 300 8.09 46.4 28.70
(60/40), 8.0g 6.3 1.63 700 10.04 56.7 41.40
TS720, 2.8 Tiger[| 6.4 2.06 1000 10.50 58.9 52.32
Drylac, 20.09 6.5 2.08 19.52) 85.6 75.69

"Bay" = BAYHYDROL®
26.8g is 28 gravos of waler

EXAMPLE 5: ONE-STEP COATING WITH BINDERS PREPARED WITH
BAYHYDROL® 148A0 AND POLANE® 7067 WHITE, AND THREE LEVELS OF
TS728 RANGING FROM 11-20%

The mixtures in Exarople 3 were duplicated with the exception that in all cases the clear
POLANE® 7007 was replaced with white POLANE® 7007 (product F63W522). White
TOOT has about 15% Ti(, pigment first particles. Data for this study on 4 x 4-in. steel plates
are surpmarized 1 Table 7 and plotied in Figures 12-14.

A separation of surface roughness values 1s noted for compaositions with whute TR720 as
opposed 1o clear TS720, which is used i Example 3 (see e.g., the Taber Abrader data, Fig,
i3). Asnoted in Table 7, the coating tor 20% T8720 and & gm of PUD muxtare cracked for
all thicknesses; therefore, no Taber data were obtamed. Data for TR720 of 11% show a very
nice linear increase with increasing coating thickness. There were only two Taber data points

for TS720 of 15%. One was higher and the other was much lower than TS720 of 11%.
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Table 7: Susumary of Data for One-Step Coating on Steel Plates made with
BAYHYDROL® 148AQ and White T80T, Fumed Silica TS728 Varied from 11-

Number of Coating
Thickness Tabers R R, Thickness
Coating Plate# | (mils) 250-g Load (um) (um) (pum)

40.0g Bay 7.1 0.88 400 5.43 37.9 22.35
140/700T White 7.2 1.56 850 9.06 50.2 39.62
(60/40), 4.49 7.3 1.89 1200 9.37 53.9 48.01
TS720, 20.0g 7.4 3.06 1200 14.02 77.6 77.72
Water 7.5 3.16 1900 11.60 60 80.26
40.0g Bay 8.1 0.9 1.00 7.42 22.86
140/700T White 8.2 1.1 1.77 13.9 27.94
(60/40), 6.0g 8.3 1.81 1.96 15.6 45.97
TS720, 20.0g 8.4 2.03 100 2.36 19.1 51.56
Water 8.5 2.16 1600 2.71 21.7 54.86
40.0g Bay 9.1 0.74|Coating cracked 4.08 27.4 18.80
140/700T White 9.2 1.32|Coating cracked 4.50 30.2 33.53
(60/40), 8.0g 9.3 1.68|Coating cracked 3.18 24 42.67
TS720, 20.0g 9.4 2.04]|Coating cracked 5.65 35.4 51.82
Water 9.5 2.4|Coating cracked 6.40 40.1 60.96

EXAMPLE 6: ONE-STEP COATING WITH BINDERS OF BAYHYDROL® 140AQ
AND POLANE® 700T AND THREE LEVELS OF CAB-O-5IL® TST28 RANGING
FROM 11-20%, AND A 7% WITH DRYLAC FIRST PARTICLE ADDITIONS

The muxtures in Exanople 5 were duplicated with the exception that in all cases a 7%
addition of a thermoplastic {irst particle powder (Tiger Drylac) was added. Data for steel
plates coated with these mixtures 1s given in Table 8 and plotted 1o Figures 15-17. Surface
roughness values R, and R, show very similar trends (see Figs. 15 and 16). The R, and R,
vaklues increase Hncarly with increasing coating thickness for ali CAB-O-SIL® 'T8720 levels.
Higher roughness values were poted for CAB-O-SIL® TS720 of 11 and 15%. The lowest
values were noted for 20%. Abrasion resistance, measured as Taber abrasion cyeles, shows
an essentially lincar increase with increasing thickness (see Figure 17). Higher values were

noted for CAB-O-SIL® 18720 of 11 and 15% as compared to TN720 of 20%.
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Table 8: Sumumary of Data for One-Step Coating on Steel Plates made with
BAYHYDROL® 140AQ and White 700, Fumed Silica TS720 Varied from 11-20%, and

7% of Tiger Drylac was added as First particle.

Number of Coating
Thickness Tabers R, R, Thickness
Coating Plate# | (mils) 250-g Load (um) (pm) (um)

40.0g Bay 10.1 1.28 400 6.94 36.8 32.51
140/700T White [ 10.2 1.84 1000 8.53 51.8 46.74
(60/40), 4.49 10.3 2 8.90 49.4 50.80
TS720,2.8 Tiger[  10.4 2.36 600 12.70 62.8 59.94
Drylac, 20.0g 10.5 2.76 900 12.97 63.1 70.10
40.0g Bay 111 1.05 250 5.37 32.9 26.67
140/700T White [ 11.2 1.24 6.69 423 31.50
(60/40), 6.0g 11.3 1.68 500 7.58 412 42.67
TS720,2.8 Tiger[ 11.4 2.05 900 11.71 59.3 52.07)
Drylac, 20.0g 11.5 25 900 11.90 58.1 63.50
40.0g Bay 12.1 0.92 100 4.16 24.9 23.37
140/700T White [ 12.2 1.19 100 4.20 25.7 30.23
(60/40), 8.0g 12.3 1.54 400 4.32 29.3 39.12
TS720,2.8 Tiger[ 12,4 1.738 3.54 23.2 4415
Drylac, 20.09 12.5 2.28 600 4.85 30.6 57.91

EXAMPLE 7: COATINGS WITH VARYING T8728 SECOND PARTICLE
CONTENT (FROM 5-9%) WITHOUT FIRST PARTICLE ADIMTIONS

‘Taber abrasion durabidity and surface roughness data were obtained for two sets of steel
plates, coated with two compositions differing only in the binder component of the coating.
One conmposition was prepared with a binder of 60:40 BAYHYDROL® 140AQ and clear
POLANE® 7007 (product F63V521) (viv) and the other coated with a binder of 60,40
BAYHYDROL® [40AQ and white POLANE® 700T (product F63IW322} (v/vi. With both
binders, CAB-O-SIL® TH720 content was varied fror 5 o 9% (w/w based on the weight of
the binder composition). Three different thicknesses of each TS720-containg composition
were spray-coated on siced plates and processed identically as in the preceding examples.
After curing, all plates were sabjected to measurement of coating thickness, surface
roughness, and testing of resistance of the coatings’ resistance (o the loss of their
hydrophobic/oleophobic properties using a Taber abrader (250g load and U510 wheels).

Data for clear 7007 plates 1s summarived in Table 9 and for white 7007 in Table 1(L
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Table & Sumimary of Data for One-Step Coating on Steel Plates made with
BAYHYDROL® 148A¢Q and Clear T80T, Fumed Silica TS728 Varied from 5-8%
{Without First Particle Additions)

Number Coating
Thickness ofTabers R, R, Thickness
Coating Plate # | (mils) 250-g Load (nm) (um) (um)
40.0g Bay
140/700T Clear |1 0.82 10 1.66 170.73 20.83
T2 116 10 3.68 2213 29.46
(60/40), 2.09 13 15 10 3.16 16.47 38.10
TS720, 3g Water
40.0g Bay
140/700T Clear |21 0.62 10 167 12.93 15.75
22 T4 30 178 12.73 35.56
(60/40), 2.89 23 163 30 161 14.07 41.40
T8720, 4g Water
40.0g Bay
140/700T Clear |3 0.72 120 237 16.53 18.09
3.0 1.34 130 2.50 17.03 34.04
(60/40), 3.69 3.3 169 160 2.93 19.68 42.93
TS720, 6g Water

Table 10: Data for One-Step Coatings on Steel Plates Made with BAYHYDROL®
140AQ and White 7007 Binder and Cab-0-S# T8720 from §%-9%

Number Coating
Thickness ofTabers R, R, Thickness
Coating Plate# | (mils) 250-g Load (pm) (pm) (um)
40.0g Bay
140/700T White 4.1 0.55 10 3.16 18.37, 13.97|
4.2 0.88 15 6.76 38.60 22.35
(60/40), 2.0g 43 T.04 75 6.42 37.03 26.42)
TS720, 3g Water
40.0g Bay
140/700T White 5.1 0.41 40 3.35 19.80 10.41
(60/40), 2.8g 5.2 1.09 80 3.30 22.73 27.69
TS720, 8.8g 5.3 1.48] 100 3.24 22.07 37.59
Water
40.0g Bay
140/700T White 6.1 0.44 80 4.33 23.73 11.18
(60/40), 3.6g 6.2 0.79 300 6.67 35.77, 20.07|
TS720, 159 6.3 1.59 400 12.68 55.30 40.39
Water

Plots for the abrasion resistance vs. coating thickuess obtained with binder that
cmployed clear POLANE® 7007 (Fig. 18) showed increasing durabifity with increasing
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coating thickness and increasing TS720 from 5-9%. 'the slope of the Taber durability data,
however, is low for TST2( at 5% relative to larger slopes observed with higher levels of
TST720 content. When CabO-Si TS720 content increases 1o 11%, the slope of abrasion
resistance vs. coating thickness plots increases sharply (see, ¢.g., Fig. 20}, For white
POLANE® 700T with titanium dioxide pigment third particles (white, Fig. 19}, the observed
change in slope with increasing coating thickness followed a similar trend 0 that oheerved
with clear POLANE® 7007, but the actual slopes are greater than with clear POLANE®
TOOT.

Increases in the slope of the abrasion resistance vs. coating thickness plots again
suggests that the second particles {e.g., TST20 particles) are distributed untformdy throughout
the coating thickness {see e.g., Fig. 2}, and the Taber cycles increase as abrasion dogs not
stimply remove the majority of second particles when the surface is abraded. Surface
abrasion exposes more material with second particles resuiting in the continued
hydrophobicity and/or oleophobicity of the newly exposed surface. The physical
manifestation of this aspect is that the end of superthydrophobicity occurs when coating wears
through {e.g., down to bare metal or an anderlying coating layer), not when its sarface is
abraded away. At TS720 concentrations less than 11%, the slopes of the lines representing a
correlation between abrasion resistance and coating thickness, suggest the 18720 particles
may be concentraied 10 a greater degree at the outside (the exposed surface of the coating that
forms an interface with atr). Thus, as the exposed surface wears out, the superhydrophobicity
is more quickly lost.

Surface roughness { Tables 9 and 10} for the samples in this example, suggest that
TS720 content of about 11% with white POLANE® 70T provides highly durable SH and/or
(¥ coatings that display thickness dependent abrasion resistance. Where smoother surfaces
finishes are desired, clear POLANE® 7007T can be employed to achieve highly durable SH
and/or OP coatings that display thickness dependent abrasion resistance
Surface Roughness Data

The surface roughness data for ali four coatings with a fixed TS720 content of 11% are
shown in Figures. 26-23. Figure 26 shows that white POLANE® 700T resclts inmore
surface roughness with or without first particle than clear POLANE® 7G0T, Figure 27
shows the difference between coating formed with clear and white POLANE® compositions
without first particle additions. For a coating thickness of 50 pm, the surface roughness of

the coatings with white 7007 18 ~ 1.3x that of clear 700T.
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Dhata in Fig. 28 compared the surface roughness with {irst particle between white 7007
and clear 7O0T. Again, {or a coating thickness of 50 pm, the white 7007 results in a factor of
~ L.6x. Thus, if surface roughness 1s critical, the 60:40 BAYHYDROL® 140A( should be

biended with clear 7007,

EXAMPLE 8: TOP COATING OF ONE-STEP COATINGS MADE WITH
BAYHYDROL® 148A0 TO ACHIEVE ENHANCED OLEOPHOBIC
PERFORMANCE
Aluminum plates, 4 x 4-inch, were base-coated with a composition prepared by
nixing:
Lo 60:40 mixtare of BAYRYDROL® 140A(Q: clear POLANE® 7007 by vohume as the
binder;

7% (by weight of binder) Tiger Drvlac clear matte {irst particle;

b2

L

11% (by weight) TH720; and
4. 50% (by weight) water,
After drying or approximately 30 min at room temperature in ambient humidity, the base
coat was top coated with either top coat composition No. 1 or No. 2.
Top Coal No, 1: Top coat composition No. 1 consisted of 1% M3 (untreated furned silica),
(.5% SiCly, and §.5% (Gelest 8174) {(iridecafluoro-1,1,2 2-tetrahyretylirichlorsilane).
The top coated plate was cored for 1 h at 200°F. The top coated plate was SH and OP.
It lasted 5§ mun under a shower and demonstrated an abrasion resistance of 600 Taber
cycles at a 250z load with CS10) wheels
Top Coat Ne, 2: Top coat composition No. 2 employed the same component composition as
top coat No. 1, with the exceptions that the M5 silica content was increased from 1 {o
2% and the stlane content was increased from 0.5 o 1%, The plate wop coated with
composition No. 2 was cured for 1 b at 200°F. 'This plate lasted 5-10 min under a
shower and demonstrated an abrasion resistance of Y00 Taber cycles at a 250g load with
U810 wheels.
Shower Test: A measure of the durability of superhydrophobicity can be made by
measuring time exposure (0 a constant water shower which is required to wet a specimen.
This equipment consists of a shower spray head positionad 6 feet above the sample through

which a full flow of water is delivered from normal facility water supply,
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EXAMPLE & A ONE-STEP COATING COMPOSITION YIELDING
SUPERHYDROPHOBIC AND OLEOPHOBIC COATINGS
A coating composition comprising:
BAYHYDROL® 124 - 24.0 grams
POLANE® 700T (white) - 16.0 grams
MST = 9.0 grams (Cab-0-Sil MS5 silica treated with (3,3,4,4,5,5,6,6,6-
Nonafluorohexyl)trichlorosilane (SIN 6597.6) as described below)
Corvel Black - 2.8 grams and
H,O - 20.0 grams
was prepared by blending the components as follows:

BAYHYDROL® 124 (24.0 grams) and POLANE® 700T (16.0 grams) were blended
together for 20 minutes. The addition of MST (9.0 grams, MS silica treated with
(3.3,4,4,5,5,6,6,6-Nonafluorohexyl)trichlorosilane (SIN 6597.6)) to the solution was followed
by mixing in a ball mill for 30 minutes. Addition of Corvel Black (2.8 grams) and H,O (20.0
grams) to the solution was followed by an additional 30 minutes of mixing in a ball mill.

The coating was applied using a Central Pneumatic spray gun with the nozzle size of
0.020-0.025 inches. A coating thickness of 1.2-1.4 mils was applied to a 4 x 4 inch Al-plate.
The plate was cured at room temperature for 30 minutes followed by curing at 200F for 1-2
hours. After curing, the plates were tested for superhydrophobicity, oleophobicity, Taber
abrasion resistance, and shower resistance to loss of superhydrophobicity. The results of the
tests show the coating displays superhydrophobicity (contact angle = 167.33, after Taber
abrasion testing = (155.23). The coatings also display oleophobic/superoleophobic behavior
(contact angle = 153.67). The coating lost its superhydrophobicity after 500 Taber abrasion
cycles with a 250gram load. Superhydrophobicity is lost after 55-60 minutes in shower

testing (described above); however, superhydrophobicity returns after drying.

EXAMPLE 18 VOLATILE ORGANIC COMPOUNDS (VOUs) CONTENT OF
COATINGS WITH BAYHYDROL® 148A4)

{3 the binder componeants employed in this disclosure, BAYHYDROL® 140AQ
employed more volatile organic solvent (toluene) than any other component. As it is
desirable for environmental reasons to reduce the VO contents of products, including those
empioyed in making SH and (P coatings, an analysis of the expected YOU content of

exemplary coating composition components is set forth for reference. The calcolated VOO
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content, based on ingredients for various coatings/coating components, is set forth in Table
it
Table 11: Volatile Organic Compound Values for Select Coatings (Minus Water and

Exempt Solvents)
Coating Component/Compositions Approximate VO Content
{pounds per gallon)
Composttion Lt 0.3

60:40 BAYHYDROL® 140AQ: clear/white
POLANE® 7007, 9-20% T8720 second
particles, 0-7% first particle Corvel Black or
Tiger Drylac)

Composition 2 y
.5-1% Fluorinated silanizing agent, 0.5%
SiCH, 1-29% MS, balance Acetone

Composition 4.7
POLANE® B conaponent 2.2

POLANE® A components
Composition 4: 5.4
5.1 Fluorinated silane, 0.539% SiCl4, 1-3%
M5, balance Hexane

[t can be scen from Table 11 that Composition 1, which 1s a BAYHYDROL® 140A0Q-
based coating, has approximnately 0.3 ib/gallon of VOCs. FThat coating delivers SH behavior
with a very sigmficant abrasion resistance based on Taber Abrader durability data with
humited VOCs released in the coating process. The application of a top coat top coat of
Coraposition 2 to the coating formed from Composition 1 adds no additional VOUs, but the
coating now also delivers the OF behavior in addition to hydrophobic behavior. In contrast,
coatings formed using solvent based POLANE® A and B (Composition 3), with a top coat
{Composition 4) delivers excellent abrasion durability and wetting resistance but with a

significant release of VOC compounds.

EXAMPLE 11: A ONE-STEP COATING WITH DIFFERENT LEVELS OF
TREATED CAB-O-SIL M5 PARTICLES TREATED WITH A SILANEZING AGENT
M5 silica particles treated with tridecafluorotetrahydrooctyltrichlorosilane were

incorporated into binder a binder composition and applied using different spraying
techniques. The base composition consisted of:

BAYHYDROL® 124 (Bayer) =24.0 g

POLANE® 700T (with white pigment, Sherwin Williams) = 16.0 g

(In some cases, as indicated, clear POLANE® 700T of the same amount was

used)
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MST (fumed silica particles treated with SIT 8174.0 (Gelest, tridecafluoro-
tetrahydrooctyltrichlorosilane) = 4.4 g
Water =18.20 g

The treated particles were added to the BAYHYDROL® 124/700T mix to make a
paste. The paste was diluted with water to achieve the consistency for spraying or painting.
The composition was applied to 4 x 4-in. aluminum plates by using the following procedures:
(All plates were tested for surface roughness and resistance to SH and/or OP loss using Taber
abrasion. The loss of oleophobicity with Taber abrasion was also measured for each sample
Example 11 Part A

BAYHYDROL® 124/POLANE® 700T (White) — 40.0g
MS5T (8174 Tridecafluorotetrahydrooctyltrichlorosilane) — 4.4g (11% w/w to the binder)
H20 - 18.0-20.0g

The composition was applied using an air spray gun with 1.4mm nozzle and the surface
of the plates to be coated placed vertically. Visual inspection of plates after curing (drying at
200° F) showed sagging of the coating due to water running down the plate during
application. Some of the areas of the coating were much lighter visually then other areas that
seemed to have proper coating coverage.

The plates were found to be superhydrophobic and superoleophobic. Roughness
measures yielded an Ra values of 2.307, 1.392, 1.824, 1.842, and 1.679, and Rz values of
16.0, 11.0, 13.7, 12.7, and 11.7. Taber abrasion measurements using a 250 g load (CS10
wheels) gave values of 200, with one sticky spot due to a thick coating area. Taber abrasion
resistance for loss of superoleophobicity yielded a value of 3.5. Shower resistance to loss of
superhydrophobicity greater than 1 hours with some wetting at 2 hours. Exposure to rain
showed superhydrophobicity after one hour of rain exposure outdoors.

Example 11 Part B
BAYHYDROL® 124/POLANE® 700T (White) — 40.0g
MST (8174 Tridecafluorotetrahydrooctyltrichlorosilane) — 4.4g (11% w/w to the Binder)
H20 - 18.0-20.0g
The composition was applied using an air spray gun and the surface of the plates to be coated
placed horizontally. Visual inspection of plates after curing (drying at 200° F) showed good
coverage, smoothness, and substantially uniform coatings.
The plates were found to be superhydrophobic and superoleophobic. Roughness

measures yielded an Ra values of 2.377, 2.386, 2.657, and 1.679, and Rz values of 16.1, 17.0,
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18.5,12.7, and 11.7. Taber abrasion measurements using a 250 g load (CS10 wheels) gave
values of 400-500 abrasion cycles for superhydrophobicity. Taber abrasion resistance for loss
of superoleophobicity yielded a value of 15 abrasion cycles. Shower resistance to loss of
superhydrophobicity greater than 2 hours. Exposure to rain showed superhydrophobicity
after one hour of rain exposure outdoors.
Example 11 Part C

BAYHYDROL® 124/POLANE® 700T (White) — 40.0g

MST (8174 Tridecafluorotetrahydrooctyltrichlorosilane) — 4.4¢g (11% w/w to the Binder)

H20 - 18.0-20.0g

The composition was applied using an air spray gun with small nozzle (600 micron
opening) and the surface of the plates to be coated placed horizontally Visual inspection of
plates after curing (drying at 200° F) showed good coverage and smoothness. The small
nozzle is less effective at spraying a good uniform coating when simultaneously spraying
multiple plates with a large area to be coated.

The plates were found to be superhydrophobic and superoleophobic. Roughness
measures yielded Ra values of 2.903, 3.581, and 2.920 and Rz values of 16.5, 19.7, and 14.6.
Taber abrasion measurements using a 250 g load (CS10 wheels) gave values of 200 abrasion
cycles, worn to bare metal. Taber abrasion resistance for loss of superoleophobicity yielded a
value of 10. Exposure to rain showed superhydrophobicity after one hour of rain exposure
outdoors.

Example 11 Part D

BAYHYDROL® 124/POLANE® 700T (Clear) — 40.0g
MS5T (8174 Tridecafluorotetrahydrooctyltrichlorosilane) — 4.4g (11% w/w to the Binder)
H20 - 18.0-20.0g
Procedure; Small Gun with Plates Horizontal. Visual inspection of plates after curing
showed good coverage, very smooth, and high uniformity.
The composition was applied using an air spray gun with small nozzle (0.6 mm or
600 micron opening) and the surface of the plates to be coated placed horizontally Visual
inspection of plates after curing (drying at 200° F) showed good coverage, a very smooth
finish, and high uniformity over the surface.
The plates were found to be superhydrophobic and superoleophobic. Roughness
measures yielded Ra values 0.847, 0.840, and 1.143 microns, and Rz values of 6.46, 6.50,

and 9.17 microns. Taber abrasion measurements using a 250 g load (CS10 wheels) gave
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values of 300 abrasion cycles. Taber abrasion resistance for loss of superoleophobicity
yielded a value of 5 abrasion cycles. Exposure to rain showed superhydrophobicity after one
hour of rain exposure outdoors.
Example 11 Part E
BAYHYDROL® 124/POLANE® 700T (Clear) — 60.0g
MS5T (8174 Tridecafluorotetrahydrooctyltrichlorosilane) — 5.3g (8.8% w/w to the binder)
H20 - 10.0g

The composition was applied using an air spray gun with small nozzle (0.6 mm or 600
micron opening) and the surface of the plates to be coated placed horizontally Visual
inspection of plates after curing (drying at 200 ° F) showed good coverage, a very smooth
finish, and high uniformity over the surface.

The plates were found to be superhydrophobic and superoleophobic. Roughness
measures yielded Ra values 1.310, 0.997 microns, and 1.266, and Rz values of 10.2, 7.34,
and 9.79 microns. Taber abrasion measurements using a 250 g load (CS10 wheels) gave
values of 400 abrasion cycles. Taber abrasion resistance for loss of superoleophobicity
yielded a value of 5 abrasion cycles. Exposure to rain showed superhydrophobicity after one
hour of rain exposure outdoors.

Example 11 Part F
BAYHYDROL® 124/POLANE® 700T (Clear) — 60.0g
MST (8174 Tridecafluorotetrahydrooctyltrichlorosilane) — 4.4g (7.3% wiw to the
Urethane)
H20 - 10.0g

The composition was applied using an air spray gun with small nozzle (0.6 mm or 600
micron opening) and the surface of the plates to be coated placed horizontally Visual
inspection of plates after curing (drying at 200° F) showed good coverage, a very smooth
finish, and high uniformity over the surface.

The plates were found to be superhydrophobic and superoleophobic. Roughness
measures yielded Ra values (0.777, 0.643, and 0.607 microns, and Rz values of 8.44, 6.53,
and 5.50 micron. Taber abrasion measurements using a 250 g load (CS10 wheels) gave
values of 300 abrasion cycles. Taber abrasion resistance for loss of superoleophobicity
yielded a value of 5 abrasion cycles. Exposure to rain showed superhydrophobicity after one

hour of rain exposure outdoors.
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Table 12: Summary of Data for Example 11

PCT/US2012/025982

Coating
Composition

124/700T(W)=40g
M5T (8174)=4.4g
Water=18-20g
124/700T(W)=40g
M5T (8174)=4.4g
Water=18-20g

124/700T(W)=40g
M5T (8174)=4.4g
Water=18-20g

124/700T(C)=40g
MS5T (8174)=4.4g
Water=18-20g

124/700T(C)=40g
M5T (8174)=3.53g
Water=6.67g

124/700T(C)=40g
M5T (8174)=2.93g

Water=6.67¢

Spray
Gun

Large Gun :

Plate

Vertical 5
Large Gun :

Plate

%Surface

%Roughnes ;for End for End %Shower

:Ra(micron)

Horizontal :

Small Gun :

Plate

Horizontal

Small Gun

Plate

Horizontal

Small Gun

Plate

Horizontal

Small Gun'

Plate

Horizontal :

1.81

‘Taber
Cycles

‘Taber
:Cycles

‘of SH (#) of SO (

200:

L 0

#) :Time (h)

EXAMPLE 12: A ONE-STEP COATINGS WITH GLASS BEAD FIRST PARTICLE

ADDITION

To the compositions of Example 11 was added 7% (by weight of the binder) of glass

bubbles (560, from 3M Company, see Table 1). Coatings without first particles added were
prepared with clear POLANE 700T and those with S60 were Prepared with white POLANE

700T. The coatings were applied on 4 x 4 inch steel plates with gun using four different

nozzle sizes to create different coating thicknesses. All of the plates were cured at 200°F for

1 hour (h) after which coating thickness was measured and Taber abrasion wear resistance to

the point where they lost superhydrophobicity assessed. The Taber testing was conducted at

three different loads (250, 500, and 1000 g). All of the Taber data and coating thickness (in

mils and microns) are summarized in Table 13.
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Table 13: Taber Data for Example 11 for Various Thicknesses at Loads of 250, 500, and
1000 g

System . Plate# :Thickness(mil)  Tabers :Taber Load (g) microns
80/40 Bay 124/700T clear (No Filler) - 1.3 nozzle : 1.30

1000: 115.316

Four additional plates were coated to create coatings thicker than those
appearing in Table 13. The coatings on the additional plates range in thickness
from 4 to 12 mils. Data for this study are presented in Table 13 (continued) and

included in Fig. 32.

Table 13 (continued): Taber Data for Very Thick Coatings using 1000-g Load

System Palate # Thickness | Tabers Taber Load | Microns
(®)
60/40 BAYHYDROL 124/White POLANE
T00T (7% S60) small gun 25 12.1 1400 1000 | 307.34
26 8.18 1000 1000 | 207.772
27 6.40 800 1000 | 162.56
28 4.24 400 1000 | 107.669

Data from Table 13 are plotted in Figures 29-32, Those plots show Taber abrasion
resistance data for each applied load (250, 500, and 1000 g).

62

SUBSTITUTE SHEET (RULE 26)




WO 2012/115986 PCT/US2012/025982

CLAIMS

1. A coating composition for the application of superhydrophobic and/or oleophobic coatings

on surfaces comprising:

a polyurethane dispersion or suspension comprising one or more of a polyester

urethane, a polyacrylic urethane and/or a polycarbonate urethane;

about 5 to about 30% by weight of second particles comprising one or more
siloxanes, and/or one or more alkyl, haloalkyl, fluoroalkyl, or perfluoroalkyl containing

moieties;

said composition optionally comprising up to about 26 % by weight of third

particles;

wherein said coating composition optionally comprises less than 0.3 pounds per gallon of

volatile non-exempt organic compounds; and

wherein the superhydrophobic coating resulting from the application of said composition to a
surface retains its superhydrophobicity after 150-1,400 Taber abrasion cycles at a 1000g load
for coating thickness range of 25-300 microns, and/or 100-2,500 Taber abrasion cycles at a
250 g load, using a CS10 wheel, as judged by the inability of more than 50% of the water
droplets applied to the area of the coating subjected to said abrasion cycles to remain on the

surface when the planar surface is inclined at 3 degrees.

2. The composition of claim 1, wherein said composition does not comprise first particles
and the superhydrophobic coating resulting from the application of said composition to a
planar surface retains its superhydrophobicity after 150-800 Taber abrasion cycles at a 1,000g
load, for a thickness range of 25-75 microns, and/or 200-1,400 Taber abrasion cycles at a
250g load for a thickness range of 25-75 microns, on a planar surface using a CS10 wheel, as
judged by the inability of more than 50% of the water droplets applied to the area of the
coating subjected to said abrasion cycles to remain on the surface when the planar surface is

inclined at an angle of 3 degrees.
3. The composition of claim 1, wherein said composition further comprises first particles.

4. The composition of claim 3, wherein the first particles, are selected from oxides of
metalloids, metal oxides, one or more thermoplastics, one or more thermoset plastics, one or

more metals, one or more glasses, and/or one or more hollow spheres.
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5. The composition of claim 3, wherein the superhydrophobic coating resulting from the
application of said composition to a planar surface retains its superhydrophobicity after 100-
600 Taber abrasion cycles at a 250g load for a thickness range of 40-85 micron using a CS10
wheel, as judged by the inability of more than 50% of the water droplets applied to the area
of the coating subjected to said abrasion cycles to remain on the surface when the planar

surface is inclined at an angle of 3 degrees.

6. The composition of claim 1, wherein said polyurethane suspension or dispersion

comprises third particles.

7. 'The composition of claim 1, wherein the composition comprises a mixture of polyacrylic

urethanes and polycarbonate urethanes.

8. The composition of any of claims 1 to 7, wherein said one or more alkyl, haloalkyl,
fluoroalkyl, or perfluoroalkyl containing moieties are one or more alkylsilane and/or

fluoroalkylsilane groups.

9. The composition of claim 8, wherein said alkylsilane and/or fluoroalkylsilane result from
the reaction of silica or metal oxide particles with one or more silanes selected from the group
consisting of: a compound of formula I, (tridecafluoro-1,1,2,2-tetrahydrooctyl)silane
(SIT8173.0); (tridecafluoro-1,1,2,2-tetrahydrooctyl)trichlorosilane (SIT8174.0);
(tridecafluoro-1,1,2,2-tetrahydrooctyl)triethoxysilane (SIT8175.0); (tridecafluoro-1,1,2,2-
tetrahydrooctyl)trimethoxysilane (SIT8176.0); (heptadecafluoro-1,1,2,2-
tetrahydrodecyl)dimethyl(dimethylamino)silane (SIHS5840.5); (heptadecafluoro-1,1,2,2-
tetrahydrodecyl)tris(dimethylamino)silane (SIH5841.7); n-octadecyltrimethoxysilane
(SI06645.0); n-octyltriethoxysilane (SI06715.0); and 3,3,4,4,5,5,6,6,6-
nonafluorohexyldimethyl(dimethylamino)silane (SIN6597.4).

10. The composition of claim 9, wherein said second particles are present from about 20 to

about 30% by weight.

11. The composition of claim 9, wherein said coating is both superhydrophobic and

oleophobic.

12. The composition of claim 1, that when dried and cured produces a sutface with an

arithmetic mean roughness (Ra) of less than about 20 microns.

13. The composition of any of claims 1-7, comprising from about 30% to about 50%

polyurethanes by weight.
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14. The composition of any of claims 1-7, wherein said polyurethane dispersion or
suspension comprise at least one polyester urethane, polyacrylic urethane, and/or
polycarbonate urethane composition that when dried and cured produces a coating that has:
(a) a modulus at 100% elongation of 1300 psi or greater, and/or (b) an elongation percent at

break of 150% or greater.

15. The composition of any of claims 1-7, further comprising 0.1-10, 10-20, 20-30, 30-40,

40-50 or 50-60 g of one or more compatible solvents per 100 g of coating composition.

16. The composition of claim 15, wherein said one or more compatible solvents are VOC-
exempt solvents, and wherein said coating composition comprises less than 0.3 pounds per

gallon of volatile non-exempt organic compounds.

17. The composition according to claim 16, wherein said one or more VOC-exempt solvents

comprise water.

18. A superhydrophobic and/or oleophobic coating formed by the application of the

composition of any claims 1-7.

19. The coating of claim 18, wherein said coating formed on a flat flexible surface can with
withstand being bent to a right angle around a 1/4 inch cylinder greater than about 100 times

without loss of hydrophobicity or oleophobicity.

20. A method of coating at least part of a surface comprising the application of a

composition of any of claims 1-7.
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Taber Cycles (#)
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Figure 1: Abrasion Resistance for loss of superhydrophobicity (measured
in Taber cycles for various BAYHYDROL®s in a one-step
superhydrophobic coating.
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Nano Particles

\ Micron Particles
BinderMxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxa/
XXXXXXXXXXXXXXXXXXXXXXXXXX XXX XX XX

(a) One-Step with Bayhydrols
without sodium sulfinate
(Bayhuydrols 124, 122, 110 and
A145)

Nano Particles

; y——Micron Paticles
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(b) One-Step with Bayhydrols
140AQ

Figure 2: Schematic showing the effect of different BAYHYDROL®s in
distribution of TS720 nano particles across the coating thickness.
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Figure 29: Comparison of Taber cycles between clear 700T and same with
S60 at 250-g load.
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Figure 31: Comparison of Taber cycles between clear 700T and same with
S60 at 1000-g load.
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Figure 32: Comparison of Taber cycles between clear 700T and same with
S60 at 1000-g load.

SUBSTITUTE SHEET (RULE 26)



WO 2012/115986

PCT/US2012/025982
33/33
Ra
Yy 1 R =lf2 x)|dx
m a g 0 |f( )|d
N
| /\,i N Va vy '\/ /\
<[ R 7R 770 77707
i W W U \U/ \V v \U/\V \U/ X
Rz

Rz=[Yp1 + Yp2 + Y3 + Ypd + Yo5 + | Y1 + Yi2 + Y3 + Y + Vi)
5

Yp1, Yp2, Ypd, Ypé, Yp5: Tallest 5 peaks within sample

Figure 33

SUBSTITUTE SHEET (RULE 26)



INTERNATIONAL SEARCH REPORT International application No.

PCT/US12/25982

A. CLASSIFICATION OF SUBJECT MATTER
IPC(8) - COSK 3/18; CO9D 175/04; B23B 5/02, 27/04, 27/12 (2012.01)
USPC - 106/13; 428/423.1; 442/79-82
According to International Patent Classification (IPC) or to both national classification and IPC

B.  FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

IPC(8) - CO9K 3/18; C09D 175/04; B23B 5/02, 27/04, 27/12 (2012.01)
USPC - 106/13,; 428/423.1

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

IPC(8): CO9K 3/18; C09D 175/04; B23B 5/02, 27/04, 27/12 (2012.01)
USPC: 106/13; 428/423.1; 442/79-82

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

MicroPatent (US Granted, US Applications, EP-A, EP-B, WO, JP (bibliographic data only), DE-C, 8, DE-A, DE-T, DE-U, GB-A, FR-A);
DialogPro; Google/Google Scholar; Springerl.ink; Superhydrophob*, hydrophob*, hydro-phob*, hydro ADJ phob*, resist®, repei*, water®,
aqueous*, Superoleophob*, oleophob*, oleo-phob*, oleo ADJ phob*, superiipophob®, lipophob®, lipo-phob?, lipo ADJ phob*, oil*, lipid*, fat

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
Y WO 2010/042191 A1 (BLEECHER, et al.) April 15, 2010, abstract; pages 8, 11, 25-27, 32, 40, 1-20
47, 48, 51, 55, 56, 62, 81; Claim 72
Y US 5352733 A (HART) October 4, 1994, abstract; column 4, lines 56-68; column 5, lines 1-68; 1-20
column 6, lines 1-15; column 13, lines 25-30; column 14, lines 50-68; column 15, lines 1-5
Y US 2010/0003493 A1 (CHENG, et al.) January 7, 2010; abstract; paragraphs [0043], (0044] 6-20
Y US 2008/0268233 A1 (LAWIN, et al.) October 30, 2008, paragraphs [0008]-[0011], [0052] 7-20
Y US 6017997 A (SNOW, et al.) January 25, 2000; column 12, lines 25-35; column 14, lines 14, 19
11-19; Claim 25
A US 7,544,411 B2 (BAUMANN, et al.) June 9, 2009, column 2, lines 1-11; column 2, lines 64-67; | 1-20

column 3, lines 1-6; column 3, lines 13-31; column 4, lines 36-46; column 5, lines 19-22; column
6, lines 16-36

O

D Further documents are listed in the continuation of Box C.

*

Special categories of cited documents: “T" later document published after the intemational filing date or priority
“A” document defining the general state of the art which is not considered date and not in conflict with the apﬁllqanon but cited to understand
to be of particular relevance the principle or theory underlying the invention
“E” earlier application or patent but published on or after the international  “X” document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive
“L” document which may throw doubts on priority claim(s) or which is step when the document is taken alone
ts:ltegatlor::;zgh(sal; ;he C?gg:i')ca"o" date of another citation or other “Y” document of particular relevance; the claimed invention cannot be
N pe S Spe . e considered to involve an inventive step when the document is
“Q” document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination
means being obvious to a person skilled in the art
“P" document published prior to the international filing date but later than  «g» jocument member of the same patent family

the priority date claimed

Date of the actual completion of the international search

01 May 2012 (01.05.2012)

Date of mailing of the international search report

13 JUN 2012

Name and mailing address of the ISA/US

Mail Stop PCT, Attn: ISA/US, Commissioner for Patents
P.O. Box 1450, Alexandria, Virginia 22313-1450

Facsimile No.  571-273-3201

Authorized officer:
Shane Thomas

PCT Helpdesk: §71-272-4300
PCT OSP: 671-272-7774

Form PCT/ISA/210 (second sheet) (July 2009)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - description
	Page 36 - description
	Page 37 - description
	Page 38 - description
	Page 39 - description
	Page 40 - description
	Page 41 - description
	Page 42 - description
	Page 43 - description
	Page 44 - description
	Page 45 - description
	Page 46 - description
	Page 47 - description
	Page 48 - description
	Page 49 - description
	Page 50 - description
	Page 51 - description
	Page 52 - description
	Page 53 - description
	Page 54 - description
	Page 55 - description
	Page 56 - description
	Page 57 - description
	Page 58 - description
	Page 59 - description
	Page 60 - description
	Page 61 - description
	Page 62 - description
	Page 63 - description
	Page 64 - claims
	Page 65 - claims
	Page 66 - claims
	Page 67 - drawings
	Page 68 - drawings
	Page 69 - drawings
	Page 70 - drawings
	Page 71 - drawings
	Page 72 - drawings
	Page 73 - drawings
	Page 74 - drawings
	Page 75 - drawings
	Page 76 - drawings
	Page 77 - drawings
	Page 78 - drawings
	Page 79 - drawings
	Page 80 - drawings
	Page 81 - drawings
	Page 82 - drawings
	Page 83 - drawings
	Page 84 - drawings
	Page 85 - drawings
	Page 86 - drawings
	Page 87 - drawings
	Page 88 - drawings
	Page 89 - drawings
	Page 90 - drawings
	Page 91 - drawings
	Page 92 - drawings
	Page 93 - drawings
	Page 94 - drawings
	Page 95 - drawings
	Page 96 - drawings
	Page 97 - drawings
	Page 98 - drawings
	Page 99 - drawings
	Page 100 - wo-search-report

