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FUNCTIONALIZED POLYSILOXANE POLYMERS
GOVERNMENT RIGHTS STATEMENT

[0001] The U.S. Government has a paid-up license in this invention and the right in
limited circumstances to require the patent owner to license others on reasonable terms as
provided for by the terms of Grant Nos. N00014-03-1-0702 and N00014-04-1-0597
awarded by the Department of Defense, Office of Naval Research.

RELATED PATENT APPLICATIONS

[0002] This application claims priority of U.S. Provisional Patent Application Serial No.
60/703,532 (filed on July 29, 2005), entitled “Polysiloxane-Polylactone Block Copolymers
with Carbamate Linkages,” the entire disclosure of which is herein incorporated by

reference.
BACKGROUND

[0003] Polysiloxanes have received a lot of attention since their introduction because of
their many desirable properties such as low glass tfa;nsition temperature, hydrophobicity,

’ UV stability and high chain flexibility. However, pure polysiloxanes are often unsuitable,
for some applications because of their poor meqhanical properties. The pblysiloxanes may
be modified via functionalization or block copolymerization to provide more desirable

mechanical properties.

[0004] Accordingly, it Would be desirable to provide a modified polysiloxane, such as a
modified poly(dimethyl siloxane) (“PDMS”), that is suitable for uses in marine coating
applications, e.g., to protect against fouling of marine structures, such as ships, boats, piers,
and the like.

SUMMARY

[0005] A number of functionalized polysiloxanes and polyorganosiloxanes are described
herein. In particular, polysiloxanes that are terminated with a hydroxy functional carbamate
group and polymers that include a subunit which is derived from a polysiloxane terminated
- witha hydroxy functional group are described. The functionalized polysiloxanes may
include a carbamate linking group to link a polysiloxane segment to one or more other
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segments to form single or multi-functional (e.g., di, tri, tetra, etc.) polysiloxane polymers.
The functionalized polysiloxanes may be useful in a variety of settings. For example, the
functionalized polysiloxanes may be useful as an antifouling material in marine
environments. The polymers may be included in a coating which is applied to a surface
such as the hull of a ship, pier, etc. that is susceptible to fouling by microorganisms in a
marine environment. The polymers may serve to prevent fouling from taking place and/or
make it easier to remove fouling. In partiéular, the low surface energy and lbw modulus
may provide easy release of marine organisms in fouling release coatings. It should be |
appreciated that other uses for functionalized polysiloxane polymers are contemplated as
wéll (e.g., anti-graffiti coatings, biocompatible polymers, etc.).

[0006] Inone embodiment, the functionalized polysiloxane may include functionalized
poly(dimethyl siloxane) (PDMS). In another embodiment, the functionalized polysiloxane
may include segments derived from one or nﬁore lactones to form a -
polysiloxane/polylactone block copolymer. One or more carbamate linking groups may be
used to link the polysiloxane segment to the polylactone segment. The functionalized
polysiloxane polymer may take a variety of forms. For example, the polymer may be an

oligomer, block copolymer, or star branched block copolymer. |

[0007] The functionalized polysiloxane polymer may be synthesized by first synthesizing
an aminoalkyl terminated polysiloxane polymer. A cyclic carbonate is added to form a
hydroxy alkyl carbamate terminated polysiloxane polymer. A lactone monomer such as &-

caprolactone may be added to form a polysiloxane/polylactone polymer.

'[0008] A coating composition may be prepared that includes the functionalized
polysiloxane polymer. In one embodiment, the coating composition may prepared by
reacting an isocyanate functionalized compound (e.g., polyisocyanate), an alcohol (e.g:,
polyol), and the hydroxy terminated polysiloxane polymer. The alcohol is typically a
relatively low hydroxy equivalent weight polyol, e.g., with a hydroxy equivalent weight of
no more than about 500. The isocyanate functionalized compound and/or the polyol can
serve to cross-link the polysiloxane polymer. The hydroxy terminated polysiloxane
polymer may be the polymer that is formed prior to addition of the lactone monomer (i.e.,

the polysiloxane polymer does not include any segments derived from a laétone) or after



WO 2008/008077 PCT/US2006/029035

addition of the lactone monomer (i.e., the polysiloxane includes segments derived from a

lactone).

[0009] In another embodiment, a method for preparing and using the coating composition -
comprises adding isocyanate reaction catalyst to a composition comprising polyol,
polyisocyanate, and the functionalized polysiloxane polymer to form a coating composition
and applying the coating composition to a substrate. The coating composition cures on the

substrate to form a polymeric material that may provide for easy fouling release.
DETAILED DESCRIPTION

[0010] A variety of functionalized polysiloxanes are described herein. The polysiloxanes
may be useful in a variety of settings. For example, the functionalized polysiloxanes may
be used to provide anti-fouling materials Whicﬁ can be used to prevent microbiological
fouling of surfaces in a marine environment. The low surface energy and low modulus
make these materials particularly suitable for antifouling/foul release applications as well as
other applications. The functionalized polysiloxanes may include a carbamate linking
group which links the polysiloxane segment with other functional groups or segments to
form oligomers, block copolymes, star branched block copolymers, etc. The functionalized

polysiloxane polymers may have the follovﬁng general formula:

0 R R’ 0
5 I o | I ]
R’ —0 ——.C—III—-—L —-[SII—O}—Sll—-L _—T—C—O —R
. X

R15 R2 R4 Rl 6

[0011] Referring to the formula above, R', R% R3, R*, R'® and R may be independently
hydrogen, C;—Cg alkyl, C;—Cj¢ fluoro-substituted alkyl, cyclopgntyl, cyclohexyl, benzyl,
toluyl, xylyl and/or phenyl. In one embodirﬁent, R!, R% R?, and R* may be methyl and R*
and R'® may be hydrogen. L' and L may be linking groups such as linear or branched
alkylene having from 2 to 10 carbon atoms, or, desirably, 2 to 6 carbon atoms. In one
embodiment L' and L may be propylene. It should be appreciated that any of a number of

suitable linking groups may be used for L'and 12 -
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[0012] R’ and R® may each be a hydroxy-substituted terminal group. In one embodiment,
R® and R® may be a hydroxy-alkyl terminal group. For example, R’ and R® may have the
formulas HO-R'— and —-R®-OH, respectively, where R’ and R® are linear and/or branched
alkylene (e.g., ethylene). In some embodiments, R’ and R® may be linear and/or branched
alkylene which is substituted with one!or more hydroxy and/or vinyl groups (where the
vinyl group(s) may be substituted with one or more alkyl groups). For example, R’ and/or
R® may be a hydroxymethylethylene or vinylethylene group. In another embodiment, R’
and R® rg;ay have the respective formulas shown below where R”, R®, R, and R"® may be
linear and/or branched alkylene and R®, R R'? and R may be hydrogen or linear and/or

branched C1—Cj1g alkyl. b, e, z, and u may be an integer from 0 to 6 and a, d, y, and t may

be an integer from 1 to 300. m and n may be 0 or 1.

0
I
H—O —ECHZ]-b—CH——C};o —R'—
be
I
[H —0 ~fcm)-ca—clo0—F
‘ v ! d m
RIO.
]
—R'—0fC—CH-{CH:}-0}—H
y
' 1l{12
]
(RP~0-fC—CH+CH3—0 +-H]
. n
‘ 1I{14 :

[0013] In one embodiment, b, €, z, and u may be 4; R® R R'? and R may be
hydrogen; R’ and RH may be —(CH,)—CH—; R’ and R" are -CH,—; a, d, y, and t may be an
integer from 1 to 10; and m and n may be 1. Also, a, d, y, and t may be 1 to 2.
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[0014] In another embodiment, b, e, z, and u may be 4; R R R andRM™ may be

hydrogen; R’ and RM may be —(CHjy),—; a and y may be an integer from 1 to 10; and m and
nmay be 0. Also, aand y may be 1 to 2.

[0015] The functionalized polysiloxane polymer may be synthesized by first synthesizing
an amino alkyl terminated polysiloxane polymer. A cyclic carbonate such as glycerine
carbonate, ethylene carbonate, propylene carbonate, butylenes carbonate, vinyl ethylene
carbonate, is added to form a hydroxy alkyl carbamate terminated polysiloxane polymer. A
lactone monomer such as e-caprolactone is added to form a polysiloxane/polylactone
polymer. A general structural formula for suitable cyclic carbonates that may be used is
shown below. In the formula “s” may be 2-4 and R*® may be hydrogen, alkyl, vinyl, alkyl-
substituted vinyl, or hydroxy-substituted alkyl. '

o)
i

_C
o~ "o

‘ : 20
X\CQSKR

[0016] The molecular weight of the polymer may be varied to provide a range of physical
properties. In one embodiment, the average molecular Weight of the polymer is changed by
varying the length of the polysiloxane segment (i.e., the value of x in the formula above). In
one embodiment, the value of x is such that the polymer has an average molecular weight of
| about 1,000 to 100,000, desirably, about 10,000 to 75,000, or, suitably, about 20,000 to
50,000. '

[0017] The carbamate linked PDMS oligomers and block copolymers may also be
incorporated into thermoset siloxane-polyurethane coatings. The coatings may be formed
by mixing -an isocyanate functionalized compound, a polyol (e.g., polycaprolactone polyol
such as Tone Polyol 0305 available from Dow Chemical), and the hydroxy terminated
polysiloxane polymer. Specifically, the polyol, hydroxy terminated polysiloxane, and a pot-
lift extender such as 2,4-pentanedione, alkane-2,4-dione, N,N-dialkyl acetoacetamide,
and/or alkyl acetoacetate are initially mixed together. The isocyanate functionalized
compound and a catalyst such as DBTDACc, dialkyl tin dicarboxylate, trialkyltin hydroxide,

dialkyltin oxide, dialkyltin dialkoxide, and/or dialkyltin dihalide, are then combined with
-5-
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mixture. The coating can then be applied to a surface once the viscosity of the mixture has

reached a sufficient level.

[0018] Any suitable isocyanate functionalized compound may be used to form the
polyurethane coating. Many isocyanate functionalized compounds are available
commercially, but their exact composition is protected as a trade secret. Examples of
suitable isocyanate functionalized compounds include alkyl diisocyanates and cycloalkyl
diisocyanates such as isophorone diisocyanate, 1,6-hexamethylene diisocyanate, methylene
dicyclohexyl diisocyanate, xylylene\diisocyanate, trans-1,4 cyclohexaﬁe’ diisocyanate,
tetramethyl xylylene diisocyanate, isopropenyl dimethylbenzy! diisocyanate,
trimethylhexamethylene diispcyanate, 2,2,4-(2,4,H)trimethylhexamethylene diisocyanate,
ethylene diisocyanate, 1,4-tetramethylene diisocyanate, 1,12-dodecane diisocyanate,
cyclobutane-1,3 diisocyanate, cyclohexane-1,3 diisocyanate,‘ cyclohexane-1,4 diisocyanate?
1-isocyanato-3,3,5-trimethyl-5-isocyanoatom- ethyl cyclohexane, 2,4-hexahydrotoluene
diisocyanate, 2;6-hexahydr9t01uene diisocyanate, hexahydro-1,3-phenylene diisocyanate,
hexahydro-1,4-phenylene diisocyanate, perhydro-2,4'-diphenylmethane diisocyanate, and
norbornane diisocyanate and polyisocyanates such as isophorone Qiisooyanate trimer
(available commercially as Tolonate XIDT-70B, a product of Rhodia PPMC and as.
Desmodur Z4470, a product of Bayer AG), hexamethylene diisocyanate trimer (available
commercially as Tolonate AT, a product of Rhodia PPMC and as Desmodur N3390, a
product of Bayer AG), and biurets and allophanates based on the diisocyanates exemplified

supra.

[0019] Particularly suitable examples of polyisocyanates that may be employed in the
present coating compositions include polyisocyanates that have at least three isocyanate
groups to facilitate cross linking of the polymeric material. In one embodiment, the
polyisocyanate may include an isophorone-based polyisocyanate. In another embodiment,
the polyisocyanate may having an isocyanate equivalent weight of about 150 to 600 or,
desirably about 250 to 450. The coating compositions may include about 30 wt % to 85
wt.% or, desirably, about 40 wt.% to 75 wt.% polyisocyanate, based on the total solids ’

content of the polymeric material in the coating composition.

[0020] A wide variety of polyols may also be.used to form the coating. For example,

suitable polyols may include polyester polyols, polyether polyols, polycarbonate polyols,

-6-
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and acrylic polyols. In one embodiment, the polyol may include polyol having at least three
hydroxy groups. In another embodiment, the polyol may be a polycaprolactone triol. In
certain embodiments, the polyol may have a hydroxy equivalent weight of no more than
about 500, or, desirably, no more than about 250. Other examples of suitable polyols
include glycerol, alkylene glycols (e.g., ethylene glycol, diethylene glycol, triethylene
glycol and neopentylglycol), pentaerythritol, trimethylolethane, frimethylolpropane,

sorbitol, cyclohexanediols, inositol, and polyglycerol.

[0021] The coating may have a number of foul release characteristics such as a high water
contact angle after being immersed for 30 days (i.e., this is referred to herein as the water
contact angle after immersion) and a low release force after water immersion, which

| indicate that the coating may be useful as a foul release/anti-fouling material. For example,
in one embodiment, the coating may have a water contact angle after immersion of at least
about 90°, dgsirably at least about 105°, or suitably, at least about 110°. In another
embodiment, the coating may have a release force after water immersion of no more than

about 30 N, desirably, no more than about 20 N, or, suitably, no more than about 15 N.

Examples

[0022] The following examples are provided to further describe the subject matter
disclosed herein. The following examples should not be considered as being limiting in any

way.

[0023] Materials Used in Examples: Bis(3-aminopropyl)-tetramethyldisiloxane
(BAPTMDS) and octamethylcyclotetrasiloxane (D) are obtained from Gelest Inc. 2,4-
Pentanedione, ethyl 3-ethoxypropionate (EEP), dibutyltin diacetate (DBTDAc), tin(II)-2-
cthylhexanoate, ethylene carbonate (EC) and benzyltrimethylammonium hydroxide (40%
solution in methanol) are obtained from Aldrich. Tone Polyol 0305 (Polycaprolactone
(PCL) triol (hydroxyl equiv. wt. 180)) is obtained from Dow Chemical. Tolonate XIDT

- 70B isocyanate (i.e., isophorone diisocyanate trimer having an isocyanate equivalent weight
of 342) is obtained from Rhodia. Methyl n-amyl ketone (MAK) is obtained from Eastman
Corp. Caprolactone (CL) is 6btained from Solvay Chemicals. Glycerine carbonate (GC) is

obtained from Huntsman. All materials are used as received without further purification.
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Example 1

[0024] In this example, libraries of carbamate linked PDMS oligomers and block
copolymers with polycaprolactone blocks are synthesized.

[0025] ‘Experimental designs for the synthesis of the siloxane libraries are prepared using
Library Studio. The designs are shown in Figure 1. In library (2) the siloxane molecular
weight is varied from 2500 to 7500 with EC and GC used to form the carbamate link. In
libraries (b) and (c) the PDMS molecular weight is varied from 10,000 to 35,000 with the
carbamate link derived from EC in library (b) and GC in library (c).

[0026] Synthesis of the functional oligomers and block copolymers is carried out using a
Symyx batch reactor system. A robotic pipet dispenses the reagents into individual vials

according to the calculated recipe.

[0027] In the first step of the reaction scheme, synthesis of 3-aminopropyl terminated
PDMS oligomers is done as follows. Benzyltrimethylammonium hydroxide catalyst (0.1%
by solids) is mixed with D4. Since benzyltrimethylammonium hydroxide is received in 40%
methanol, methanol is removed under vacuum. The synthesis is mainly done by reacting
the specified amount of D4, and BAPTMS in the presence of benzyltrimethylammonium
catalyst. The molecular weights of the oligomers are adjusted by changing the ratio of Dy to
BAPTMDS. The reaction is run at 80° C for 10 hours. After completion of the reaction, the
temperature is increased to 170° C and kept at that temperature for 1 hour td decompose the

catalyst.

[0028] To synthesize carbamate linked PDMS oligomers and block copolymers,
stoichiometric amounts of EC and GC are added to the vials and the reaction is run at 80° C
for 10 hours. Next, the specified amount of caprolactone monomer is added to the vials. 1
drop of tin(II)-2-ethyl hexanoate catalyst in 10% toluene solution is added to the solutions.
The reaction is run at 80° C for 10 hours, and then the reaction temperature is increased to
120° C and held for 10 more hours. Schemes 1 & 2 show examples of how to synthesize
the polymers described in this example.
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Scheme 1: Synthesis scheme of carbamate linked tetra functional
PDMS oligomers and blocK copolymers.
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Scheme 2: Synthesis scheme of carbamate linked di functional PDMS
oligomers and block copolymers.
!

0

[0029] The formulation data for each compound prepared in the libraries a-c (see Figure

1) are shown in Tables 1-3 below.

-10-



PCT/US2006/029035

WO 2008/008077
Table 1
—
Target
PDMS | D, (mg) | BAPTMDS | po ey | GC(me) | CL (me)
Mn . (mg)
Al |- 2500 | 5000.00 497.05 38726 | 0.00 0.00
A2 2500 | 5000.00 497.05 000 | 51932 | 0.00
A3 5000 | 5000.00 24852 18487 | 0.00 0.00
Ad 5000 | 500000 | 248.52 0.00 | 24792 | 0.00
A5 7500 | 5000.00 165.68 12130 | 0.00 0.00
A6 7500 | 5000.00 165.68 0.00 | 16267 | 0.00
B1 2500 | 5000.00 497.05 38726 | 000 | 937.82
B2 2500 | 5000.00 497.05 000 | 51932 | 1834.48
B3 5000 | 5000.00 24352 18487 | 000 | 462.95
B4 5000 | 5000.00 243.52 0.00 | 24792 | 915.27
Bs 7500 | 5000.00 165.68 12130 | 000 | 30724
B6 7500 | 5000.00 165.68 000 | 162.67 | 609.72
Cl 2500 | 5000.00 497.05 387.26 | 0.00 | 140674
2 2500 | 5000.00 497.05 0.00 | 51932 | 275172
3 5000 | 5000.00 248,52 18487 | 000 | 69442
Cca 5000 | 5000.00 24352 0.00 | 247.92 | 137291
s 7500 | 5000.00 165.68 12130 | 000 | 46087
C6 7500 | 5000.00 165.68 0.00 | 16267 | 914.58
D1 2500 | 5000.00 497.05 38726 | 000 | 1875.65
D2 2500 | 5000.00 497.05 0.00 | 51932 | 3668.96
D3 5000 | 5000.00 248.52 18487 | 000 | 925.80
D4 5000 | 5000.00 24352 000 | 247.92 | 183055
D5 7500 | 5000.00 165.68 12130 | 000 | 61449
D6 7500 | 5000.00 165.68 000 | 162.67 | 121944

* Coating Libraries 101046, 101047, 101048 and 101049 (see Tables 4 and
5) were formulated using this siloxane library.

-11-
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Table 2
- Target :
PDMS | D, (mg) BAPIMDS | (mg) | GC(mg) | CL (mg)
Mo (mg)

Al 10000 | 4684.40 116.42 84.55 0.00 0.00
A2 15000 | 4684.40 77.61 55.91 000 | 0.00
A3 20000 | 4684.40 58.21 41.76 0.00 0.00
A4 25000 | 4684.40 46.57 33.33 0.00 0.00
A5 30000 | 4684.40 38.81 27.73 0.00 0.00
A6 35000 | 4684.40 13326 23.74 0.00 0.00
Bl 10000 | 4588.80 114.04 82.83 0.00 219.19
B2 15000 | 4684.40 77.61 55.91 0.00 144.94
B3 | 20000 | 4684.40 58.21 41.76 0.00 108.26
B4 25000 | 4684.40 . 46.57 33.33 0.00 86.40
B5 30000 | 4684.40 38.81 27.73 0.00 71.88
B6 35000 | 4684.40 33.26 23.74 0.00 61.54
C1 10000 | 4397.60 109.29 79.38 0.00 322.07
C2 15000 | 4684.40 77.61 1 55091 0.00 217.41
3 20000 | 4684.40 58.21 41.76 0.00 ' | 162.40
C4 25000 | 4684.40 46.57 33.33 0.00 129.60'
C5 30000 | 4684.40 38.81 27.73 0.00 107.82
c6 35000 | 4684.40 33.26 23.74 0.00 92.31
D1 10000 | 4302.00 106.91 77.65 0.00 411.53
D2 15000 | 4588.80 76.03 54.77 0.00 289.89
D3 20000 | 4684.40 58.21 41.76 0.00 216.53
D4 25000 | 4684.40 46.57 33.33 0.00 172.80
D5 30000 | 4684.40 38.81 27.73 0.00 143.76
D6 35000 | 4684.40 33.26 23.74 0.00 123.08

* Coating Libraries 101107, 101108, 101109 and 101110 (see Tables 4 and
5) were formulated using this siloxane library.

-12-
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Table 3
Target :
PDMS | D, (mg) | BAPTMDS 1} pong) | GC(mg) | CL (mg)
Mn (mg)

Al 10000 | 4684.40 116.42 000 | 11339 | 0.00
AZ 15000 | 4684.40 77.61 0.00 | 7498 | 0.00
A3 | 20000 | 4684.40 5821 0.00 | 5601 | 000
A4 | 25000 | 468440 46,57 000 | 4469 | 0.00
A5 | 30000 | 468440 | 38.81 0.00 | 3718 | 0.00
A6 | 35000 | 4684.40 33.26 0.00 | 318 | 000
Bl 10000 | 2302.00 106.91 000 | 10413 | 43837
B2 15000 | 4493.20 7444 000 | 7192 | 280.89
B3 20000 | 4636.60 57.62 000 | 35543 | 21653
B4 | 25000 | 4684.40 46.57 000 | 4460 | 172.80
Bs 30000 | 4634.40 33,81 000 | 3718 | 143.76
B6 | 35000 | 4684.40 33.26 000 | 3183 | 123.08
Cl 10000 | 401520 9979 | 000 | 97.19 | 603.88
2 15000 | 4397.60 72.86 0.00 | 7039 | 417.08
3 20000 | 4541.00 56.43 000 | 5420 | 32148
C4 | 25000 | 4636.60 46.09 000 | 4424 | 25920
s 30000 | 4684.40 38.81 000 | 3718 | 215.64
C6 | 35000 | 2684.40 3326 7000 | 3183 | 18462
D1 10000 | 4015.20 99.79 000 | 9719 | 751.50
D2 15000 | 4302.00 71.28 000 | 63.86 | 54428
D3 20000 | 4397.60 54.65 000 | 5258 | 419.80
D4 | 25000 | 4541.00 45.14 000 | 4333 | 342.07
D5 30000 | 4636.60 38.41 0.00- | 3680 | 287.52
D6 | 35000 | 4684.40 33.26 000 | 3183 | 246.16

* Coating Libraries 101119, 101120, 101121 and 101122 (see Tables 4 and
5) were formulated using this siloxane library.

Example 2

[0030] In this example, the libraries of carbamate linked PDMS oligomers and block
copolymers with polycaprolactone blocks synthesized according to Example 1 are
incorporated into thermoset siloxane-polyurethane coatings. The effect of polycaprolactone
blocks, percent load of oligomers and molecular weight of the PDMS on the properties of

these coatings is evaluated.

{0031} Coating formulations are composed of a siloxane from the library prepared as
described in Example 1, Tone Polyol 0305 (polyol), 2,4-pentanedione, DBTDAC catalyst
and Tolonate XIDT 70B (isocyanate crosslinker). Stock solutions of 30% siloxane polymer
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(based on the total solids content of the coating composition) from the Ex. 1 library in EEP
and Tone polyol in 10% MAK are prepared. A 1% solution of the catalyst DBTDAc is
prepared in MAK.

[0032] Coating formulations are prepared by adding 10%, 20%, 30% and 40% by weight
of siloxane from the library (wt.% of the total of the siloxane, polyol, and polyisocyanate,
i.e., wt.% of the total solids content) into the formulations. Since each polymer is included
at four different inclusion levels, a total of 288 coatings are formulated. The amount of
catalyst DBTDAC is adjusted to 0.075% by solids for all coating formulations. The
stiochiometric ratio of isocyanate to hydroxyl functional groups is kept as 1.1:1.0. To all
formulations 10% by solids 2,4-pentanedione (pot life extender) is added.

[0033] Using an automated formulation system, the siloxane library, polyol, and 2,4-
pentanedione are added to the vials first and mixed overnight. After overnight mixing
isocyanate crosslinker and catalyst are added to the vials and continued rﬁixing until

sufficient viscosity is obtained for coating application.

[0034] The coating application is carried out using an automated coating application
system. The formulations are applied in array format to 4” by 8” aluminum panels. After
the application, the panels are left at room temperature for curing overnight. The panels are

then placed into the oven for complete curing for 45 minutes at 80° C.

[0035]. The surface energy and pseudo-barnacle pull-off adhesion is determined for each
coating. Contact angles of water and methylene iodide are determined using an automated
surface energy system and used to determine the surface energy with Owens-Wendt

method. Coating surface energies are measured initially and after 30 days of water
immersion. To determine the adhesive strength of epoxy to a coating surface (pseudo-
barnacle adhesion) a Symyx automated pull-off adhesion system is used. Pull-off adhesion

of the coatings is measured initially and after 30 dayé of water immersion.

[0036] The coatings were uniform and stable before and after water immersion. All of the
coatings showed at least some hydrophobic properties. The results of the tests are shown in
Figures 2-4 below. The coating formulations and numerical results of the tests are shown in

Figure 4.
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[0037] As shown in Fig. 2, the water contact angle (WCA) data following immersion
indicates that most of the coatings remain hydrophobic (WCA>90), which means that
PDMS predominates on the surface and that the coatings are stable. WCA change
following water immersion is generally within + 5°. Genérally, WCA of the coatings
increases as the number aVerage molecular weight of the PDMS oligomers increases. Also,

generally speaking, increasing the number of caprolactone blocks descreases the WCAs.

[0038] As shown in Figure 2, the coatings having the highest WCAs are achieved with the
polymers which have no caprolactone units. As shown in Figure 3, the initial average force
at release for the coatings showed a slight increase between carbamate linked functional

oligomers and block copolymers.

[0039] As shown in Figure 4, the average forbe at release measured after water immersion
decreases most of the time. Average force at release of carbamate linked PDMS block
copolymers decreases more than the average force at release of carbamate linked PDMS

oligomers.

Example 3

[0040] In this example, the coatings prepared in Example 2 are compared to a number'of
coatings using conventional polymers prepared as shown in Scheme 3 below. The
molecular weight of the PDMS and the number of caprolactone units per end group are
varied to form 48 conventional polymers. Each of the 48 conventional polymers is used at
four different inclusion levels (10 %, 20 %, 30 %, and 40 % based on the total solids content
of the coating composition) to form 192 coatings in a manner similar to that described in

Example 2.
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Scheme 3

[0041] The initial WCA for the coatings using the conventional polymers is measured and
compared to the initial WCA from the coatings prepared in Example 2. Figureé 5 shows a
plot of the results of these measurements. The leftmost column shows the results of the
coatings prepared using éonventional polymers and the other two columns show thé results
of the coatings prepared using carbamate linkages (i.e., middle column shows the results of
coatings using ethylene carbonate derived carbamate linkages and the rightmost column
shows the results for coatings using glycerine carbonate derived carbamate linkages). As
shown in Figure 5, the use of a carbamate linkage results in coatings which are more
reliably hydrophobic, which is a potential indication of usefulness as an anti-fouling

" material. The use of the carbamate liﬁkage results in better control of the surface properties
of the resulting polyurethane coatings. It should be noted that the color of each data point in

. Figures 5 and 6 represent the number of caprolactones per hydroxyl as shown in the legend.

[0042] Figures 6 shows a plot of the resuits of only those coatings (coatings using
conventional polymers and coatings using polymers from Example 2) that did not have any
caprolactone units. As shown in Figure 6, the difference between the coatings prepared
using carbamate linkages and the coafing prepared using conventional polymers is even

more pronounced.

Example 4
[0043] Illustrative Coating Formulation Example. Coating formulations are prepared

from the siloxane polymer or block copolymer, a polycaprolactone triol (Tone Polyol 0305)

and a polyisocyanate crosslinker. The ratio of isocyanate groups to hydroxyl groups is held
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constant at 1.1:1.0. A catalyst, dibutyl tin diacetate (DBTDAC), is used at a level of 0.075
wt.% based on total solid resin components. A pot life extender, 2,4-pentanedione, is also
used to prevent premature gelation at a level of 10% (based on total solid resin
components). Stock solutions of each of the resm components in solvent are prepared for
ease of delivery using automated robotic p1pets

[0044] To prepare a polyurethane coating formulation containing 20% PDMS
caprolactone triblock copolymer (Bl-lOl 108; see Tables 2, 4 and 5), using an automated
formulation system, 695.17 ul siloxane polymer solution (30% in EEP, 200.00 mg
siloxane), 276.03 pl Tone Polyol 0305 (90% in MAK, 254.14 mg polyol), and 104.49 ul
2,4-pentanedione were dispensed to the vials. After overnight mixing, 735.66 pl XIDT 70B
isocyanate crosslinker (70% in BuAc, 545.86 mg isocyanate resin) and 92.02 ul catalyst
DBTDAc¢ (1% in MAK, 0.75 mg catalyst) were added to the vials and continued mixing
until sufficient viscosity was obtained for coating application.

Hlustrative Embodiments

[0045] The present polymer and coatings are further illustrated by the embodlments
described below, which are not intended to limit the scope of the present invention.

[0046] One embodiment provides a polymer including at least one subunit derived from a
polysiloxane ter;ninated with one or more hydroxy functional carbamate groups. For
example, the polymer may be formed by cross-linking a. polymer having the formula:

R' R’
| Il l l II ’
HO—R’—0— c—1l\1 —L —[sl-o}—sl— Li’-—l\lr—c 0 —R*—OH

R :R? Rﬁ - R
wherein x is such that the polymer has a molecular weight of about 1,000 to
- 100,000; e.g., with an isocyanate compound, optionally in the presence of a polyol. Quite
commonly, the isocyanate functional compound comprises a polyisocyanate compound,
such as a polyisocyanate compound which includes at least 3 isocyanate groups. The polyol
compound suitably has a hydroxy equivalent weight of no more than about 500 and, very
often, the polyol compound may have a hydroxy equivalent weight of no more than about
250.
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[0047] In other embodiments, the hydroxy functional carbamate terminated polysiloxane

may be reacted with a lactone, such as caprolactone.

[0048] The carbamate terminated polysiloiane may suitably be a polymer in which R},
R% R? and R* may independently be hydrogen, C1—Cjg alkyl, C;—C) fluoro-substituted
alkyl, cyclopentyl, cyclohexyl, benzyl, toluyl, xylyl and/or phenyl; | |

R’ and R® are linking groups;

R' and R are independently hydrogen, C;—Cjg alkyl, cyclopentyl,
cyclohexyl, benzyl, toluyl, xylyl or phenyl; and

L' and L? are linking groups.

[0049] The polymer may suitably have x such that the polymer has a molecular weight of
about 10,000 to 75,000 and, in some instances, a molecular weight of about 20,000 to
50,000.

“[0050] In such embodiments, R® and R® are independently linear and/or branched
alkylene; linear and/or branched hydroxy-substituted alkylene; linear and/or branched vinyl-

substituted alkylene; or a combination thereof. In such embodiments, R® and R® may have

from 2 to 10 carbon atoms and are commonly independently selected from C;—Cy alkylene

and/or C)—Cy4 hydroxysubstituted alkylene. For example, R® and R® may be independently
ethylene, propylene and/or hydroxypropylene (e.g., 2-hydroxymethylethylene).

[0051] Quite commonly, L' and L. are independently linear or branched alkylene;
preferably having from 2 to 10 carbon atoms, e.g., L' and L? may independently be C;—Cs

alkylene, such as an ethylene and/or propylene linker.

[0052] In one exemplary embodiment, RY, R% R3, and R* are methyl; and RP énd R are
hydrogen. In such a polyme;, R® and R® may suitably be ethylene. In another exemplary
embodiment, Rl, RZ, R3, and R* are methyl, R’ and RS are ethylene; L' and L? are
propylene; and R’ and R!® are hydrogen. In yet another, R, R?, R, and R? are methyl; R’
and R® are hydroxymethylethylene; L' and L2 are propylene; and R' and RS are hydrogen.

[0053] In one émbodiment, the polymer may include one or more subunits derived from, a
polysiloxane terminated with a hydroxyalkyl functional carbamate group. In others, the
polymer may contain one or more subunits derived from a polysiloxane terminated with a
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hydroxy alkyl functional carbamate group. Such polymers may be formed by crosslinking
the hydroxy functional polysiloxane using an isocyanate functional compound. The

polymer may include a polyester subunit(s) and/or a polyurethane subunit(s).

[0054] The functionalized polysiloxanes described herein may be used to form coatings.
Such coatings may have a water contact angle after immersion (e.g., in water for 30 days)
of at least about 90°, desirably at least about 100°; and in some instances at leaét about
105° more preferably at least about 110°. Such coatings may have a release force after
wafer immersion for 30 days of no more than about 30 N; preferably no more than about 20

N; and, more preferably, no more than about 15 N.
[0055] One specific embodiment provides a polymer having the formula:

o ' R' R? 0
R®—0 —g—N— Ll—{Si—o]—-sli— 12—N —g—— o—~R°
LT

wherein x is such that the polymer has a molecular weight of about 1,000 to
100,000; \

RYL R% R3, and R* are independently hydrogen, C;—Cjy alkyl, C;—Cjq fluoro-
substituted alkyl, cyclopentyl, cyclohexyl, benzyl, toluyl, xylyl and/or phenyl;

R’ and R® are independently a hydroxy-substituted terminal group;

R'® and R!® are independently hydrogen, C1—Cyo alkyl, cyclopentyl, |
cyclohexyl, benzyl, toluyl, xylyl and/or phenyl; and

L' and 1.? are linking groups. .

[0056] In such a polymer X is suitably such that the polymer has a molecular weight of
about 10,000 to 75,000 and, more desirably, a molecular weight of about 20,000 to 50,000.

L! and L? are independently linear or branched alkylene, such as C,—Cg alkylene.

R’ may suitably have the formula

HO—R’
and R® the formula
R®*—OH
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wherein R and R® are independently linear and/or branched alkylene; linear
and/or branched hydroxy-substituted alkylene; linear and/or branched vinyl-substituted
alkylene; or a combination thereof.

[0057] In other embodiments, R’ may have the formula

ﬁ .
H—0 —f CHZ}ECH—C)ZO —R'—
L
I
[H——(o —f{ CH,}-CH—C}-0 —R9]
e l d m
RIO
and R® the formula
I
—R!"—0 —-EC‘-—-CH-ECHZ};O —H
y
i 1‘{12
]
[RB_O -tc—cH-t CHZ}E—O );—H]
n
e

wherein R7, R%, R™, and R are independently linear and/or branched
. alkylene;

RS RY R'2 and R" are independently hydrogen or linear and/or branched
C1—Cjo alkyl;

b, €, z, and u are independently an integer from 0 to 6;

a, d, y, and t are independently an integer from 1 to 300; and

m and n are independently 0 or 1.

[0058] For example, b, ¢, z, and u may be 4; where R®, R, R, and R!* are hydrogen; R’
and R are —(CHp)—CH—; R® and R*® are -CH,—; a, d, y, and t are independently an
integer from 1 to 10; and m and nare 1. Suitably, a, d, y, and t may independently be 1 té
2. '
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[0059] For instance, b, e, z, and u may be 4; R®, R, R'%, and R are hydrogen; R7 and
R are <(CH,)o—; aand y are independently an integer from 1 to 10; and m and n are 0.

For example, a and y may independently be 1 or 2.

[0060] The cross-linked polysiloxanes described herein may be formed via reaction with
an isocyanate functional compound which comprises isophorone diisocyanate based
polyisocyanate and/or a hexane diisocyanate based polyisocyanate. For example, the
isophorone diisocyanate-based polyisocyanate may be isophorone diisocyanate-based
polyisocyanate having an isocyanate equivalent weight of about 200 to 500. The
diisocyanate-based polyisocyanate may be a hexane diisocyaﬁate-based polyisocyanate

having an isocyanate equivalent weight of about 150 to 300.

[0061] In other embodiments. the isocyanate functional compound may comprise
hexamethylene diisocyanate, isophorone diisocyanate, diphenylmethane diisocyanate and/or

toluene diisocyanate.

[0062] Coating compositions which include the functionalized polysiloxanes described
herein may comnionly also include a solvent component. The coating compositions may =
also include a polyol, e.g., a polyol which has at least 3 hydroxy gfoups. The present
coating compositions may include about 5 to 50 wt.% on a total solids basis of the polymer
desc;ribed above. Such coating compositions may be used to form a polymeric coating, e.g.,
by applying the described coating compositions on at least one surface of an article; and

removing solvent component from the coated surface.

[0063] Other embodiments provide a polysiloxane teﬁninated with hydroxyalkyl
carbamate groups, such as a polysiloxane wherein the hydroxyalkyl carbamate groups
include dihydroxy branched alkyl carbamate groups. .The hydroxyalkyl carbamate groups
may include vinyl substituted hydroxyalkyl carbamate groups.

[0064] The polysiloxanes described herein may suitably have a molecular weight (My) of

about 10,000 to 75,000. Such polysiloxanes may include a polydimethyl siloxane
terminated with hydroxyalkyl carbamate groups, wherein the hydroxyalkyl carbamate
groups include hydroxyethyl carbamate groups, hydroxypropyl catbamate groups and/or
dihydroxypropyl carbamate groups.
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[0065] The terms recited in the claims should be given their ordinary and customary
meaning as determined by reference to relevant entries (e.g., definition of “plane” as a
carpenter’s tool would not be relevant to the use of the term “plane” when used to refer to
an airplane, etc.) in dictionaries (e.g., common use and/or technical dictionaries), commonly
understood meanings by those in the art, etc., with the understanding that the broadest
meaning imparted by any one or combination of these sources should be given to the claim
terms (e.g., two or more relevant dictionary entries should be combined to provide the
broadest meaning of the combination of entries, etc.) subject only to the following
exceptions: (a) if a term is used herein in a manner more expansive than its ordinary and
custom'ary meaning, the term should be given its ordinary and customary meaning plus the
additional expansive meaning, or (b) if a term has been explicitly defined to have a different
meaning by reciting the term followed by the phase “as used herein shall mean” or similar

LN 13

language (e.g., “herein this term means,” “as defined herein,” “for the purposes of this
disclosure [the term] shall mean,” etc.). References to specific examples, use of “i.e.,” use
of the word “invention,” etc., are not meant to invoke exception (b) or otherwise restrict the
scope of the recited claim terms. Accordingly, the subject matter recited in the claims is not
coextensive with and should not be iﬁtemreted to be coextensive with any particular
embodiment, feature, or combination of features other than those explicitly recited in the
claims, even if only a single embodiment of the particular feature or combination of features
is illustrated and described herein. Thus, the appended claims should be read to be given
their broadest interpretation in view of the prior art and the ordinary meaning of the claim

terms.

[0066] As used herein, spatial or directional terms, ’such as "left," "right," "front," "back,"
and the like, relate to the subject matter as it is shown in the drawing FIGS. However, it is
to be understood that the subject matter described herein may assume various alternative
orientations and, accordingly, such terms are not to be considered as limiting. Furtheﬁnore,
as used herein (i.e., in the claims and the specification), articles such as “the,” “a,” and “an”
can connote the singular or plural. Also, as used herein, the word “or” when used without a
preceding “either” (or other similar language indicating that “or” is unequivocally meant to
be exclusive — e.g., only one of x or y, etc.) shall be interpreted to be inclusive (e.g., “x or-
y”” means one or both x or y). Likewise, as used herein, thé term “and/or” shall also be
interpreted to be inclusive (e.g., “x and/or y”” means one or both x or y). In situations where

“and/or” or “or” are used as a conjunction for a group of three or more items, the group
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should be interpreted to include one item alone, all of the items together, or any
combination or number of the items. Moreover, terms used in the specification and claims
such as have, having, include, and including should be construed to be synonymous with the

terms comprise and comprising.

[0067] Unless otherwise indicated, all numbers or expressions, such as those expressing
dimensions, physical characteristics, etc. used in the specification are understood as
modified in all instanees by the term "about.” At the very least, and not as an attempt to
limit the application of the doctrine of equivalents to the claims, each numerical parameter
recited in the specification or claims which is modified By the term “about” should at least
be construed in light of the number of recited significant digits and by applying ordinary
rounding techniques. Moreover, all ranges disclosed herein are to be understood to
encompass any and all subranges subsumed therein. For example, a stated range of 1 to 10
should be considered to include any and all subranges between and inclusive of the

minimum value of 1 and the maximum value of 10; that is, all subranges beginning with e
| minimum value of 1 or more and ending with a maximum value of 10 or less (e.g., 5.5 to

10).
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Table 4

Target % inital | Initial | ST | BUeeds ChengeiChenoe

Goating | POMS | iigomer | 2ctual [EC=0ice o e G0l Force at Angle afer| Release | Water | Force

ID (g/mole) added ‘ 4added pe_r Hydroxyl /(\335 Re::sse immersion | immersion | Angle [Release
(deg) (N) (deg) | (N)

01| 25000 10 | 93] o o | es4| 62| G32 129 | -02| 33

oto2 | 2500 10 91| 1 0 975 | 148 975 22.4 0.0

totoe| g0 10 97| o0 0 o714 | 137 965 175 | -06| 38
1o1oeel 8000l 10 95| 1 0 91| 182 970 207 | 11| 25
1otoe| 7500 10 98| 0 0 o79 | 208 9.0 136 | 19| 7.1
tofoe| 75000 10 97| 1 0 986 | 16.1 98.5 200 | -041| 39
1oioes| 25000 10 go| o 2 | ora| 152 905 120 | 69| -23
jotoEl 2500 10 60| 1 2 92| 146 914 9.9 68| -48
0105|5000 10 go| o 2 93| 115 96.7 10.6 16| 0.9
01| s000 10 81| 1 2 981 | 12.1 96.0 17.1 21| 49
to1oa| 75000 10 92| 0 2 o72 | 145 968 135 | 04| -1.0
01| 7500l 10 87| 1 2 970 | 159| 950 9.4 20| -66
otone| 2500 10 74| o0 3 983 | 130| s88 136 | -95| 07
o102 | 2500 10 61| 1 3 083 | 179 823 120 | 5o 59
o1es | 5000, 10 85| 0 3 %69 | 174| 955 10 | 14| 65
to1oaa| 5000 10 76| 1 3 984 | 91 96.0 10.1 24| 10
o1l 7500 10 90| o0 3 983 | 164| 957 170 | -26| 06
01| 7500 10 82| 1 30| or4| 87 95.0 157 | 24| 70
olouel 25000 10 70| 0 4 o71 | 17.9 . 193 | 14
otox] 25000 10 55| 1 4 982 | 149| 877 M3 | oo 87
oiox| s000 10 | 82| 0 4 o76| 187 935 9.0 41| 97
o1ous| 8000, 10 74| 1 4 1007 130 95.6 143 | 51| 13
oious| 7800l 10 87| o 4 o78 | 135 94.5 9.3 33| -43
G1oaa| 7800 10 78| 1 4 or7 | 197| 979 12.2 02| 75
otoas] 200 20 | 187 O 0 946 | 207| 950 19.8 04| -08
101357- 25000 20 183 1 0 004 | 240 99.2 21.2 02| 28
otoe| "soo0 20 | 193] O 0 1000| 223| 996 246 | 04| 23
otoas| s000 20 | 19| A 0 1004| 187 997 213 | -04| 26
o] 7s00 20 | 195 o 0 1006| 243| 993 272 | 13| 29
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Target| . % iniial | Initial | RS0 | BORA0E (Chanaelchinge
Coating P!n)nn:s Oligémer :‘gﬁs' 'Z%qu’ C::r'ggi::rfle CV(\,I:::‘r:t ?Xfcr:%i Ang;:t::ter af':::?astzr Cvgs:::t Fc;rtce
ib (g/mole) added added per Hydroxyl A(\geggle)a Re;:;se immersion| immersion | Angle Release
(deq) (N) (deg) | (N)
olog] 75000 20 | d94| 1 0 1004| 209  100.7 23.4 03| 25
wioy| 25000 20 | 160 0 2 984 | 105 936 168 | -48) 6.3
0105 25000 20 | 37| 2 9.0 | 153 936 153 | 54| -0.1
o10y| 5000l 20 | 47| o 2 1004| 283| 975 20.1 29| -82
w010e| 5000 20 | 163 1 2 1000| 58| o717 17.4 23| 13
_1915‘?7- 7500, 20 | 184] 0 2 998 | 237| 993 25.1 05| 1.4
wiee| 7s00f 20 | 73] 2 987 |  20.1 97.3 270 | 14| 69
w0164y 25000 20 | 149 0 3 95| 173 922 197 | 63| 23
0105|2800 20 | 122 1 3 o76 | 185| 946 152 | 30| 33
o) so00l 20 | 171l o 3 986 | 225/ 961 190 | 25| -34
oiom| 5000l 20 | 51| 1 3 %3 | 19| 990 109 | 03] -1.0
010|800l 20 | 79l o 3 06| 182] 971 9.1 25| 7.4
ool 75000 20 | 165] 3 982 | 2398| o972 207 | 10| 3.2
10108 2500 20 | 139 0 4 or4 | 243| or8 17.9 04| 64
0105|2500 20 | 110| 1 4 9.6 | 225| 9.1 139 | -35| 87
o1or] 5000, 20 | 164] O 4 984 | 168| 972 123 | 12| 45
o] 5000 20 | 142] 1 4 .| or2| 185 1004 14.4 32| -4.1
wiom| 700l 20 | 1780 0 4 | 84| 125 1011 12.0 27| 05
o10| Ts00l 20 | 57| 1 4 8.8 | 215 1017 221 | 209 07
iotonsl 25000 30 | 280 o 0 959 | 183]  96.1 22,9 02| 46
x) 2s00 30 | 24 A 0 1005] 174  98.0 20.1 25| 27
oloeel 5000l 30 | 200 O 0 100.3| 236 o7.7 31.0 26| 74
otomel soo0| 30 | 286 A 0 101.4] 199 999 249 | 15| 51
oroml Ts00, 30 | 203 0 0 101.2] 275 996 207 | 18| 22
otos| 73000 30 | 20| 4 0 1024| 272{ 1005 206 | -19| -67
0ioe| 2600 30 | 238] o0 2 9.3 | 125 908 19.1 85| 65
o1zl 28000 30 | 208 1 2 985 | 166| 922 119 | 63| -47
oroel S0l 30 | 26 0 2 1017 209 987 246 | -30| -53
orom| 800 30 | 244 1 2 1009] 189 99.1 20.0 18] 1.1
oreml 700 %0 | 217 o 2 1016] 223| 995 324 | 21| 1041
ool 7500 30 | 260( 2 1009  29.1 99.8 25.3 14| -39
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is .. Water Average (ChangelChange
Initial | Initial ¢ b
Target o % N Contact | Force at in in
o _n.| Number of | Water |Average
Coating mes Oligomer g‘gll\‘ni.l Z%';z’ CaprolactoneContact| Force at Angletafter fl:eleaste cWa:er ¢ Fo;tce
D added per Hydroxyl | Angle | Release | WAler | aiter water jLontac

(g/mole) .| added (deg) N) immersion| immersion | Angle [Release
(deg) (N) (deg) | (N)
101548] 2500 30 | 223 o0 3 9.1 | 142 92.2 20.8 69| 66
101503 | 2500 30 183 1 3 984 | 194| . 939 9.7 45| 9.8
101008 | 5000 3 | 256 o 3 989 | 253 74 205 | 15| -4.8
1015:5 5000 30 2.7 1 3 98.9 16.5 97.3 18.3 18| 1.9
101005 | 7500 30 | 269 o0 3 1003| 157 98.2 13.7 21| 20
10150 7500 30 | 247 1 3 982 | 218 97.9 18.6 03| -3.2
10100 | 2500 30 | 209 o 4 979 | 227 0.7 23.1 72| 04
0102|2500 30 | 164| 1 4 92| 225/ 895 169 | -87| 56
10100| 5000 30 | 246 o0 4 972 | 196 96.0 24.3 12| 47
10104a! 5000 30 | 212 1 4 983 | 111 95.6 15.7 27| 46
1o1oaal 7500 30 | 262 o 4 989 | 118 981 20.2 18| 84
1015465 7500 30 235 1 4 989 | 181| 974 15.0 5] 3.1
101005 | 2500 2 | 374 o0 0 978 | 244 96.5 23.0 13| 14
To1o2 | 2500 4 | 365 1 0 1009| 243 99.8 199 | 11| -44
to1oae{ 5000 4 | 386 o0 0 1025 312| 1015 41.9 1.0 107
0104|5000 4 | 382 1 0 101.2] 196| 909 25.0 13| 54
fotoel 7500 4 | 301 o 0 907 | 253| 1012 438 | 15| 184
10100 | 7500 40 | 388 1 0 | 1027 284| 1030 30.6 03] 22
1o1omal 2500 a0 | 3t8] o0 2 972 | 302{ 911 28.0 61| -22
010|250 a0 | o274 1 2 90| 18| 972 204 | -08] -16
101085 | 5000 4 | 355 o0 2 | 1088| 236| 1023 308 | 15 7.2
1010k | 5000 4 | 325 1 2 1008 21.4| 1004 27.0 04| 56
101048] 7500 40 | 369 0 2 1024 | 241 1034 46.0 10| 21.9
1013% 7500 4 | 347 1 2 103.8| 231| 1054 23.8 16| 06
101&‘5 2500 40 | 208 o0 3 97| 268 932 336 | -65| 69
1018425 2500 40 244 1 3 99.4 20.3 95.7 9.0 -3.7] -11.3
10165| 5000 4 | 341 o0 3 1032| 320] 1015 380 | -17| 60
101040 | 5000 40 | 303 1 3 1004| 196| 1002 32.4 02| 12.8
10100| 7590 40 389 0 3 101.4] 327| 1024 30.8 10| -1.9
101&% 7500 40 | 329 1 3 1015 258| 1052 39.1 3.7| 135
101085 259 a0 | 279 o0 4 945 | 242| 939 34 | 06| 72
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i i | v | S | R e
coptn | "G lotgomer| SEE S5 coplacins condut e MRS S T
(g/mole) added (deg) () |immersion immersion | Angle Release
(deg) (N) (deg) | (N)
101045| 2500 40 | 219] 1 4 97.1 19.4 91.6 20.7 55 1.3
101046| 5000 40 328/ 0 4 99.8 |  39.1 97.5 26.6 23| 125
101045 | 5000 40 | 283 1 4 | 1010 312 9.3 351 | 47| 39
10100| 7500 40 | 349 o0 4 97 | 257| 1005 28.4 08| 27
101005| 7500 4 | 314 1 4 | 1005 ; 96.4 268 | 41| -
(o1ies] 10000| 10 98| 0 0 986 | 11|  100.0 201 | 14| 90
o] 1s000) 0 | 99| o 0o | 92| o8 . ) 1
101107 | 20000 10 99| © 0 95.7 0.8 ; ] 1
torree| 25000 10 99| o o | 1047| 08| 1014 8.9 33| 1.9
o1ier| 30000 10 99| o o | 1076| 92 . - S
o | 35000 10 99| o o | 1071 90 . ] N
ot | 10000 10 94| o 2 | 1038| 195| 1025 19 | 13| 76
012l 15000| 10 96| o 2 | 1077| 173 ; ] N
o | 20000 10 07| o0 2 1001 208 - ] S
01| 25000] 10 98| o 2 | 1000] 79| 1085 149 | -05| -30
so1o0-| 30000 10 98| o 2 1008| 227| 1002 138 | -06| -0.0
o1re| 35000) 10 98| o 2 | 1089] 210 . ] R
101107 | 10000 10 921 0 3 9.9 | 103 99.1 119 | -08| 15
ozl 1s000| 0 | 95| o 3 | 1088| 223| 103 162 | 37| -84
jo1op| 20000 10 | es| o 3 | 1084| 224 ) ) R
ol 25000) 10 97| 0 3 | 1001] 235 1073 196 | -1.8] -38
o1l 30000f 10 97| © 3 | 1087| 200| 1065 175 | -22| 25
ooy | 38000 10 98| o0 3 | 1078 317 - ] N
ool 0000) 10 | 90} o 4 97| el or7 134 | 20| 47
101%27' 15000) 10 | 93| o 4 | 1045| 232] 1013 212 | 32| 20
10155? 20000 10 9.5 0 4 106.3| 224 - oo .
101EE$ 25000 10 96| 0 4 1074| 35| . - ) o
101?57' 30000 10 9.6 0 4 105.6|  26.1 - . .
101f§; 35000 10 97| o 4 106.1| 258 - ) 1
iot10s| 10000 20 | 197 0 0 982 | 95| 1011 12.1 20| 26
to11eg| 1800 20 | 193] 0 0 | 1029| 94| 1023 89 | -06| 05
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Target % Initlal | Initial Cvgz::::t QXfégii Chia: 9 Chia: %

(g/mole) added (deg) (N) immersion| immersion | Angle [Release

(deg) (N) (deg) | (N)

0S| 20000 20 | 198 0 0 98| 95 96.6 8.6 18| 0.9
101106 | 25000 20 109 o 0 1035 10| 1035 8.5 0.0| -1.5
1o110s| 30000 20 | 199] 0 o |1072] 89| 1065 87 | -07| -02
10110s| 38000 20 | 199 o o | 1044| 88| 1087 8.6 18] 02
o10e] 10000 20 | 188 0 2 1004 229 1012 18.5 08| -4.4
02| dsoo0| 20 | 192 0 2 | 1062| 246| 1039 187 | -23| 59
10100 | 20000 20 | 194] o 2 1003] 31.3| 1060 122 | -33| -19.1
01| 25000 20 | 195 0 2 | 1084] 212] 1079 174 | 05| 38
01| 30000 20 | a8 o0 2 1084| 252| 1088 19.1 04| 6.1
01| 3s000] 20 | 196 O 2 1069| 286| 1087 10.1 18] -185
o1l 10000 20 | 84| 0 3 984 | 254| 958 138 | 26| -116
o1um] 15000| 20 | 189 0O 3 1052| 253| 1029 106 | -23| 57
o1l 200000 20 | 92| o0 3 | 1075| 206| 1058 2380 | 17| 68
o 25000 20 | 193] 0 3 1086 216  108.0 178 | -06| -38
o) s0000] 20 | 194 O 3 | 1o7.e| 224| 1079 17.2 0.0] -4.9
o1 asoo0| 20 | 195 0 3 1077| 247| 1076 14.1 0.1] 106
o1oal 10000 20 | 180 o 4 981 | 126 1013 12.9 32| 03
il 15000| 20 | 188 0 4 | 1033] 200 1031 194 | -02| -06
01| 200000 20 | 130/ o 4 1053| 235| 1030 257 | 23] 23
o1a] 28000 20 | 192 o 4 1059 226 1055| 145 | -04| -82
io1108| 30000 20 | 193] o 4 1065| 208 1053 212 | 2| 04
o1es] 35000] 20 | 194] o 4 | 1088| 357| 1064 195 | -0.4|-163
io1io5| 10000/ 30 | 295 o 0 1034  117| 1032 15.0 01| 3.4
ol 15000 30 | 207 0 0 1072  151] 1043 139 | 29| 1.1
Jo11es] 20000 30 207 0 0 1006 102 1080 104 48| 02
oriol 25000 30 | 298| 0 0 1083| 167| 1068 148 | 15| 1.9
o1hos| 30000 30 | 208 0 0 1006 109| 1085 9.2 4| A7
ool 35000| 30 | 208 o 0 1004| 99| 1074 8.7 20| 1.1
101105| 10000] 30 | 282 o 2 1029] -235] 1013 193 | 18] 43
10118025 15000 -+ 30 28.8 0 2 107.6 28.9 102.8 25.9 -4.8| -3.0
oinee| 2000 30 | 201 o 2 1088| 288| 1046 215 | 42| 73
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Target o % Init:al Alnitial Cvgs:::t ?X‘ra;:ga? Ch?: 9 Ch?: 9

coara | "o otgarer| 25 S5 comcon com e "8 s, ) P
(g/mole) added ‘ (deg) ) immersion| immersion | Angle [Release

(deg)- {N) (deg) | (N)

o1l 25000{ 30 | 203] o 2 1004]  217|  104.1 077 | 50| 60
101005| 30000 30 | 204 o0 2 1004| 190| 1067 237 | 27| 46
01| 3s000| 30 | 295] 0 2 1079 216| 1056 159 | 23| 57
j015o5] 10000 30 | 276] 0O 3 1016] 215 991 19.1 25| 25
o 15000| 30 | 284 O 3 1057 | 308] 1029 243 | 28| 65
o 20000f 30 | 288 o0 3 1072| 278| 1023 20.4 49| 75
101505 | 25000 30 | 200 o 3 1007| 204] 1050 106 | -47| 95
o1l s0000] 30 | 202{ O 3 1000| 27.6| 1067 193 | 23| 84
01| 38000 30 | 203] o 3 1077| 248| 1048 195 | -29| 53
101m5| 10000| 30 | 274 o 4 988 | 223| 1007 19.0 19| -33
o1l 15000 30 | 280( O 4 1059| 37.9|  103.0 300 | -29| 1.1
o1l 20000] 30 | 285) 0O 4 1101| 312 1053 275 | 48| 38
101105 25000 30 | 287] o0 4 1074| 272| 1048 259 | -28| -1.3
101105 30000 30 | 289 ‘0 4 1060| 345| 1035 235 25| 111
ool ss000| 30 | 201 0 4 1068| 233] 1086 191 18| 4.2
o1ol 10000f 40 | 393 0 0 1011] 109 1102 13.3 9.1| 24
orfet 15000 40 | 395 0 o .| 1013] 94| 1060 9.1 47| 0.3
(oihel 20000] 40 | 397 0 0 93| 95 98.8 10.0 45| 05
o1l 25000 40 | 397| 0 0 1084 90| 1007 9.0 13| -0.1
oihe| 30000 40 | 398 o 0 1009| o1 1147 | 86 48| 05
orheel as000| 40 | 39.8) 0 0 11.8| 89| 1127 8.8 0.9] -0.1
01| 100000 40 | 376 o 2 1067 | 464| 1074 22.7 0.7| -23.7
ool 15000/ 40 | 384| O 2 1004| 302] 1080 214 4.4 04
10143136 20000 40 388 0 2 1104 | 377 107.6 23.3 25| -14.4
010l 250000 40 | 390| o 2 111.0| 348| 1084 213 | .26 -135
o1ia| B0000| 40 | 302] o 2 | 1110| 285| 1003 23.1 1.7 5.3
o] 3000 40 | 383 o 2 1108| 228| 1103 115 | 05| -113
ool too00) 40 | 3es| o 3 1048| 335| 1050 22.7 0.2| -10.8
oival 1s000] 40 | 378 0 3 1085| 384| 1080 a4 | 05| -14
o 20000) 40 | 383 o0 3 1009 545| 1087 338 | -1.2| 207
iorcinl 25000 40 | 387 o 3 | 1107] 320| 1094 24 | 16| 06
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L] | % nial | el | S0, | feerage [ChanociChanae
Coating Pm‘:s Oligt/:mer ggl\l;las‘: Z%Z;C::g‘gil;g:e Cvgg::::t 9:?5:%7 A n‘?vl:t::ter afl:::?:; r Cv::::::t Foa‘rtce
1D (g/mole) added added per Hydroxyl ;(\:35 Re::':;\se immersion| immersion | Angle Release

(deg) (N) (deg) | (N)

10110156 30000 40 389 0 3 1102 315 110.3 ' 28.4 01| -3.1
40110166 35000(. 40 390 0 3 1007 | 334 110.3 13.7 06| -19.6
101?116 10000 40 ‘A 0 4 103.6| 228 105.5 30.6 19| 7.8
1011'3126 15000 40 373 0 4 107.9| 445 108.8 31.3 0.9| -13.2
1011'3136 20000 40 379 0 4 109.1 52.0 108.5 30.8 0.6 -21.3
101?146 25000 40 383 0 4 109.1 39.5 1057 |. 279 -34| 115
1011'3156 30000 40 386 0 4 109.1 44,3 107.8 29,1 4.3 -15.2
101?166 35000 40 388/ 0 4 109.0| 35.0 109.1 27.2 01| -7.8
1011A11§ 10000 10 0.8 1 0 102.9 19.3 98.7 227 42! 35
101% 15000 10 9.9 1 0 106.7 19.0 103.9 14.0 28| -5.1
101f‘13§ 20000 10 9.9 1 0 110.1 12.3 105.6 11.9 45| -0.4
101‘:‘145 25000 10 9.9 1 0 110.8 18.3 107.2 13.0 36| 5.3
101f‘15§ 30000 10 9.9 1 0 112.1 11.9 110.8 9.1 -1.3| 27
1014\165 35000 10 9.9 1] 0 111.1 17.0 110.2 1.2 0.9| 5.8
101?115 10000 10 9.4 1 2 101.1 17.6 95.6 9.4 55| -8.1
10143125 15000 10 9.6 1 2 105.5| 184 100.6 12.5 49| 5.9
101?135 20000 10 | 97, 2 106.7| 17.3 102.1 15.9 46| -1.4
10151"5 25000 10 0.8 1 2 108.0| 21.0 105.4 17.9 26| -3.1
101;3155; 30000 10 9.8 1 2 107.9| 256 103.6 174 | 43| 82
101?169; 35000 10| o8 1 2 107.1 30.4 106.6 14.0 -0.5| -16.5
101%15 10000 10 9.2 1 3 29.5 16.5 95.3 9.9 | -42| -66
101%25 15000 10 9.5 1 3 1044 | 207 100.4 18.0 40| 2.7
101%35 20000 10 9.6 1 3 106.6| 17.3 99.8 20.8 68| 35
101%45 25000 10 9.7 1 3 106.9| 21.3 103.5 215 34| 02
101%55', 30000 10 9.7 1 3 107.2| 232 104.3 18.8 29| -44
101101% 35000 10 9.8 1 3 106.1 31.0 103.6 21.6 25| -94
1011D11§ 10000 10 90| 1 4 99.3 14.2 04.6 18.9 47| 47
101'13125 15000 10 93| 1 4 102.3| 217 97.6 16.6 47| 51
101'13135; 20000 10 9.5 1 4 104.3| 256 100.7 19.6 36| -6.0
101045| 25000 10 96| 1 4 | 1050 208 996 214 | 54| 03
1011'3159' 30000 10 96| 1 4 105.7| 269 101.0 18.8- 47 -84
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Target| % iniial | Initial | (Waer | fuersds  (Changeichiiae
Coating | PPMS Oligemer actual EC O cm&iﬁﬁe Contact Foreast Angle after| Releass | Water | Force
D (g/mole) added added per Hydroxyl ‘(\ggglf Rezﬁz)ise immersion| immersion | Angle Release
(deg) (N (deg) | (N)
01| ss000{ 10 07| 1 4 1060| 299| 1050 176 | -10] -12.3
ol t0000| 20 | 97| 1 0 1041| 254| 1030 306 | -1.1] 145
t011e| 15000 20 | 1e8] 1] . 0 1056| 266| 1044 238 | 12| 2.8
161?236 20000 20 19.8 1 0 107.4 21.0 106.4 24.2 -1.0{ 3.2
torel 2s000{ 20 | 199] 0 107.4|  193| 1084 13.5 13| 58
othe-| 30000 20 | 198] 0 1086| 134] 1085 105 | 01| 26
so1tant 35000 20 | 199] 1 0 1084| 186 1084 14.5 00| 41
oto] 10000| 20 | 88| 1 2 1005| 207| 986 133 | 19| 7.4
o] 15000| 20 | 192 1 2 | 1037 255| 1028 203 | -009| 52
orre| 20000 20 | 19.4] 2 | 1045| 233 1040 | = 244 | -05| 1.
ool 25000/ 20 | 195 2 1066 227| 1070 16.8 04| 5.9 4
otioy| 30000 20 | 19| 1 2 1064| 240| 1056 174 | -08| 66
o1 | 3s000| 20 | 19| 2 1066| 280| 1077 175 | 11| -105
o1ag| 10000] 20 | t84| 1| 3 9.0 | 204| 974 14 | 16| 90
ol 15000) 20 | 18| 1 3 1018)  216| 1014 14.7 05| 69
ot | 200000 20 | 192 3 1047| 267| 1082 13.4 05| 136
01| 25000 20 | 193 1 3 1058| 217| 1040 14.4 18| 75
orias| B0000) 201|194l 1| . 3 1064| 284| 1054 127 | 10| 157
0| 38000 20 | 15| 1 3 | 10e7| 242| 1083 133 | -0.4| -10.9
1o1100] 10000 20 180 1| 4 99.0 9.4 96.0 14.8 3.0/ 5.4
101?226 15000 20 186 1 4 98.8 9.2 98.4 8.4 04] 0.8
101?236 20000 20 190 1 4 1014] 100] 1014 8.7 0.0] -1.4
sotian| 25000 20 | 192| 1 4 1038| 243| 1016 143 | 22| -101
101?256 30000 20 193] 1 4 1050| 257| 1036 12.0 .4 137
iotie| 35000( 20 | 14| 4 4 1053| 346| 1046 170 | -07| 176
iotte;| 10000 30 | 205 1 0 1006 237| 1026 20.3 20| 55
ot | 15000| 30 | 207) 4 0 1083| 374| 1082 217 | 24| 457
o1y | 20000 30 | 207 1 0 102| 216| 1078 109 | -24| 107
o1t | 25000 30 | 208 1 0 1080| 293| 1094 13.7 11| 157
101121 | 30000 30 | 208 1 0 111.2|  165| 1109 8.8 03] 7.8
ool asoo0| 30 | 208 1 0 1113 233| 1140 10.7 27| 126
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Target o % Initial | Initial CV‘\)Iﬁ’t:g;t ézfggga? Ch?: % Chia: e

cona it | otganer 343 G2 ot o e et fae, L, ree
(g/mole) added (deg) N) immersion | immersion | Angle [Release

{deg) {N) (deg) | (N)

il 10000 30 | 282 1 2 9.7 | 174 1004 16.3 34| -08
10110 | 15000 30 | 288 1 2 1048| 325 1040 435 | -08| 10.9
101n| 200000 30 | 20 2 | 1070] ar7| 1052 405 | -1.8| 28
101197 | 25000 30 | 203 1 2 1076| 332| 1067 315 | -09| -1.8
01| 30000 30 | 204 1 2 | 1080| 460| 1009 227 19| -23.3
o1y | 35000) 30 | 205 1 2 1077| 520|111 32.0 34| 200
101597 | 10000| " 30 | 276 3 9%6.0 | 227| 966 20.9 06| 72
01| 15000 30 | 284| 1 3 | 1053| 404|  100.1 389 | 52| -15
o1 | 200000 30 | 288 1 3 1072| 398| 1046 336 | 26 62
soisan] 25000 30 | 200] 1 3 | 1074| 283| 1078 348 04| 65
o15ar] 30000 B0 | 202 1 3 | 1075 407| 1002|275 17| 132
oisar] @s000| 30 | 203 1 3 | 1075| 450] 1102 14.6 2.7 -30.4
1o1oay| 10000 30 | 274| 4 953 | 21.9| 983 14.6 30| 7.3
05| 1s000| 30 | 280, 1 4 1 107] 100] 1011 19.0 04| 9.0
io1ta;] 20000) 30 | 285| 1 4 [ 1o29] 314] 1019 329 | 10| 15
oimar] 25000 30 | 287| 4 4 | 10s4) 84| 1059 34.8 05| 87
o1 30000( 30 | 288| 1 4 1043|274l 1083 257 40| 14
oier| @s000| 30 | 204 1 4 |06z 318l 1002 | - 260 30| -58
otil 100000 40 | 303 1 0 | 1035] 394| 1024 457 | 11| 62
o1l 15000 40 | 395 1 0 1049| 380| 1062 21.2 13| -16.8
ol 200000 40 | 307| 1 o | 1o72| 78| 1069 189 | -03] 12
o11es| 25000 40 | 397| o | 1079| 253| 1089 17.6 10| 7.7
worio| 30000 40 | ses| 1| . o | 1122] 88| 1126 9.4 04| 04
ories| as000| 40 | 308 1 0 | 1084| 225| 1114 8.5 3.0/ -14.0
i011e5| 10000 40 | 378 1 2 | 1038| 350| 1029 239 | -09] -11.1
011 | 15000 40 | 3sa4| 1 2 | 1054| 419| 1070 35.0 16| 68
o1 | 20000( 40 | 388 1 2 | 1066| 456| 107.1 36.9 05| -87
o110 29000 40 | 3e0| 1 2 | 1084| 441| 1069 342 |. 12| -09
io11os| 30000| 40 | o2 1 2 | 1074] s82| 1071 314 | -03| -26.8
otiay| 35000 40 | 393 1 2 | 1074| 607| 1068 287 | -0 -320
ot to000| 40 | 3e8| 1 3 987 | 219| o975 186 | 12| 3.3
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. ies Water Average |[Change|Change
Initial | [Initial N :
Target o % Contact Force at in in
Yo -n.| Number of | Water | Average
Coating PDMS Oligomer actual EC—_O, Caprolactone |Contact| Force at Angle after] Release | Water | Force
™ Mn added PDMS |GC=1 er Hydroxyl | Angle | Release water after water |Contact| at
(g/mole) added P Y y ( degg) (N) immersion | immersion | Angle [Release
(deg) (N) (deg) | (N)
C2-
101122 15000 40 37.8 A1 3 104.9 41.0 106.2 30.5 1.3] -10.5
101 ?232 20000 40 38.3 1 3 106.7 46.3 107.5 35.9 0.8 -10.4
C4
101122 25000 40 38.7 1 3 1074 35.6 106.1 30.5 -1.3] -5.1
C5- . .
101122 30000 40 38.9 1 3 107.1 411 107.6 34.3 05{ -6.8
C6-
101122 35000 40 39.0 1 3 106.7 54.3 106.0 23.3 -0.7| -30.9
D1- N
101122 10000 40 36.1 1 4 101.5 25.0 99.5 271 -2.0] 20
D2-
101122 15000 40 37.3 1 4 101.5 34.1 101.1 274 -04| -6.8
D3-
101122 20000 40 37.9 1 4 104.0 51.5 102.7 | 32.5 -1.3] -19.0
D4-
101122 25000 40 38.3 1 4 104.3 27.9 103.2 30.0 -1.1] 24
D5- '
101122 30000 40 38.6 1 4 104.9 56.6 100.9 39.3 -4.0 -17.3
D6-
101122 35000 40 38.8 1 4 104.7 441 - 1086.1 27.7 14| -16.4
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WHAT IS CLAIMED IS:
1. A polymer having the formula:

0O R R® 0
l | | |
R’ —O—C——ITI — Ll—(sli—o);sli— Lz—lTT—C— 0—R°
RIS R2 R R16
wherein x is such that the polymer has a molecular weight of about 1,000 to
100,000;
R, R% R3, and R* are independently hydrogen, C;—Cjg alkyl, C;—Cy¢ fluoro-
substituted alkyl, cyclopentyl, cyclohexyl, benzyl, toluyl, xylyl and/or phenyl;
R’ and R® are independently a hydroxy-substituted terminal group;
RY and RS are independently hydrogen, C1—Cjy alkyl, cyclopentyl,
cyclohexyl, benzyl, toluyl, xylyl and/or phenyl; and
L' and L? are linking groups.

2. The polymer of claim 1 wherein R® and R® are independently linear and/or branched
alkylene; linear and/or branched hydroxy-substituted alkylene; linear and/or branched vinyl-

substituted alkylene; or a combination thereof.

3. The polymer of claim 2 Wherein R’ and R® are independently ethylene, propylene
and/or hydroxypropylene.

4, The polymer of claim 1 wherein R}, R%, R®, and R* are independently C;—Cg alkyl,

C1—Cjg fluoro-substituted alkyl, cyclopentyl, cyclohexyl, benzyl, toluyl, xylyl or phenyl.

5. The polymer of claim 1 wherein L! and L? are independently linear or branched

J
alkylene having from 2 to 10 carbon atoms.
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6. The polymer of claim 1 wherein
R’ has the formula
HO — R’

and R® has the formula
R®*—OH
wherein R7 and R® are independently linear and/or branched alkylene; linear
and/or branched hydroxy-substituted alkylene; linear and/or branched vinyl-substituted

alkylene; or a combination thereof.

7. The polymer of claim 1 wherein R! R% R® and R* are methyl; and RY and R are
hydrogen.

8. The polymer of claim 1 wherein

R’ has the formula

o)
\
H—{0 —{CHZ}FCH—c}a—o—RLV
b
i
\ [H——[O‘—ECHZ}-—CH——C]—o—Rﬂ
e I d m
. RIO

and R has the formula

I
—R'"—0fCc—CH-{ CHZ}Z—O }-H
y
¥
I
n
1|114

wherein R, Rg? R and RY are independently linear and/or branched
alkylene;
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R® R R!? and R are independently hydrogen or linear and/or branched
Ci—Cio alkyl;

b, €, z, and u are independently an integer from 0 to 6;

a, d, y, and t are independently an integer from 1 to 300; and

m and n are independently O or 1.

0. * A polymer prepared by reacting a mixture comprising the polymer of any of claims

1 to 8 and an isocyanate functional compound.

10.  The polymer of claim 9 wherein the mixture further comprises a polyol compound.

11. A coating comprising the polymer of claim 10.

12. A polymer including at least one subunit derived from a polysiloxane terminated

with a hydroxy functional carbamate group.

13.  The polymer of claim 15 wherein the subunit is derived from a polysiloxane
terminated with a hydroxy alkyl functional carbamate group.

{

14.  The polymer of claim 15 wherein the polymer is derived by crosslinkiﬁg the

polysiloxane using an isocyanate functional compound.

15.  The polymer of claim 15 wherein the polymer comprises at least one polyester

subunit.

16.  The polymer of claim 15 wherein the polymer comprises at least one polyurethane
subunit.

17. A coating comprising the polymer of any of claims 9 to 16.‘

18.  The coating of claim 17 having a water contact angle after immersion in water for 30
days of at least about 90°.

19.  The coating of claim 17 having a water contact angle after immersion in water for 30
days of no more than about 30 .

20.  An article having at least one surface cbmprising the polymeric coating of claim 17.
21. A coating composition comprising a solvent component; and the polymer of any of

claims 1-8.
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