wO 20147200614 A 1[I/ N0FV0 0000 0O

(43) International Publication Date
18 December 2014 (18.12.2014)

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

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

WIPOIPCT

(10) International Publication Number

WO 2014/200614 A1

(51

eay)

(22)

(25)
(26)
(30)

1

(72

74

31

International Patent Classification:

BO5SD 7/02 (2006.01) C09D 5/24 (2006.01)
BO5SD 7/00 (2006.01) C09D 7/12 (2006.01)
BO5SD 3/02 (2006.01) CO8K 3/22 (2006.01)
C08J 7/04 (2006.01) HOI1B 1/20 (2006.01)

International Application Number:

PCT/US2014/033286
International Filing Date:
8 April 2014 (08.04.2014)
Filing Language: English
Publication Language: English
Priority Data:
13/915,795 12 June 2013 (12.06.2013) US

Applicant: PPG INDUSTRIES OHIO, INC. [US/US];
3800 West 143rd Street, Cleveland, Ohio 44111 (US).

Inventors: BOWMAN, Mark P.; 220 Frontenac Drive,
New Kensington, Pennsylvania 15068 (US). ANDER-
SON, Lawrence G.; 4119 Northampton Drive, Allison
Park, Pennsylvania 15101 (US). POST, Gordon L.; 1211
Pinewood Drive, Pittsburgh, Pennsylvania 15243 (US).

Agents: SIMINERIO, Andrew C. et al.;; 39 West, One
PPG Place, Pittsburgh, Pennsylvania 15272 (US).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,

(84)

BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM,
TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,
ZW.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CIL, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

as to applicant'’s entitlement to apply for and be granted a
patent (Rule 4.17(i1))

as to the applicant's entitlement to claim the priority of the
earlier application (Rule 4.17(iii))

Published:

with international search report (Art. 21(3))

(54) Title: RAPIDLY CURABLE ELECTRICALLY CONDUCTIVE CLEAR COATINGS

10\

14

| _
LSS

FIG. 1

(57) Abstract: Rapidly curable electrically conductive clear coatings are applied to substrates. The electrically conductive clear coat -
ing includes a clear layer having a resinous binder with ultrafine non-stoichiometric tungsten oxide particles dispersed therein. The
clear coating may be rapidly cured by subjecting the coating to infrared radiation that heats the tungsten oxide particles and sur -
rounding resinous binder. Localized heating increases the temperature of the coating to thereby thermally cure the coating, while
avoiding unwanted heating of the underlying substrate.
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RAPIDLY CURABLE ELECTRICALLY CONDUCTIVE CLEAR COATINGS

GOVERNMENT CONTRACT

[6831]  This invention was made with United States govornment support under
Contract Number RES100058 awarded by the Department of Energy, The United States

government has certain rights in this invention.

FIELD OF THE INVENTION

[B062]  The present invention relates to rapidly curable electrically conduetive clear
coatings that may be applied to substrates such as polycarbonate substrates or other

substrates.

BACKGROUND INFORMATION

{8603] Many types of clear coatings have traditionally been applied to various types
of substrates, In certain instances, the underlying substrate may comprise a relatively low
melting point material that does not allow the applied clear coat to be cured at hagh
temperatures. For exampie, aircrafl canopies are often made from clear polymeric materials
sach as polycarbonate that may be degraded when subjected to high temperatures. Asa
result, conventional thermal curing of clear coat compositions at high temperatures may not
be possible or practical for such substrates, The thenmal curing temperature may be reduced
0 a level that does not damage the substrate, but the use of low curing temperatures can result
in cure times of several hours or even days. It would therefore be desirable to reduce the cure
times of clear coat compositions that are applied to polycarbonate substrates or other similar

substrates.

SUMMARY OF THE INVENTION

{0004] An aspect of the invention provides a coated subsirate comprising a subsirate,
and a rapidly curable electrically conductive clear coating over at least a portion of the
substrate, wherein the coating comprises at least one clear layer comprising a binder, and
pitrafine non-stoichiometric tungsten oxide particles dispersed in the binder,

{80651 Another aspect of the invention provides a method of applying an electrically
conductive clear coating on a substrate comprising applying a clear coating composition

comprising a binder and ulirafine non-stoichiometric tungsten oxide particles outo the
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substrate, and subjecting the applied clear coating composition to jufrared radiation to thereby
heat and thermally cure the clear coating composition.

{0806] A furiher aspect of the invention provides a method of curing a clear coating
composition applied to a substrate, the method comprising subjecting the clear coating
composition to infraved radistion to thereby heat the clear coating composition to a curing
temperature of at least 50°C while maintaining the substrate at a teruperature at least 10°C
less than the curing temperature of the clear coating composition, wherein the resuliant cogted

; - L0 /
substrate has a surface resistance of ess than 1.0 x 10" O/sguare.

BRIEF DESCRIPTION OF THE DRAWINGS

[0G87!  Fig | is a partially schematic side sectional view of a substrate coated with a
rapidiy cured electrically conductive clear coating in accordance with an embodiment of the
present invention.

[6088] Fig 2 is a partially schematic side sectional view of a substrate coated with a
rapidly cured electrically conductive clear coating in accordance with another embodiment of
the present invention,

10009 Fig 3 is a partially schematic side sectional view of a substrate coated with a
vaprdly cured electrically conductive clear coating in accordance with a further embodiment
of the present invention.

{0018} Fig 4is aplot of coating and substrate temperatures vs. cure Himes for various

clear coatings during coating operations,

BETAILED BDESCRIPTION

{6811}  In accordance with embodiments of the present invention, electrically
conductive clear coatings are applied onto substrates and then rapidly cured. At least one
taver of the electrically conductive clear coating comprises a clear coating material including
arestnous binder with ultrafine non-stoichiometric tungsten oxide particies dispersed therein.
The non-stoichiometric tungsten oxide particles absorb a certain amount of infrared radiation,
and euring of the clear coating may be achieved by subjecting the coating to infrarved radiation
that heats the particles to thereby heat the surroonding resinous binder, Such localized
heating moereases the temperature of the coating to thereby thermally cure the coating, while

avoiding unwanted heating of the underiyving substrate or underlying coatings,
o i

~
s
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10012]  The clear coating compositions comprising non-stoichiometric tungsten oxide
particles deseribed heremn can result in faster curing compared to the curing of eoatings
without using such tungsten oxide particles. As used herein, when referring o a clear coating
comprising ultrafine non-storchiometric tungsten oxide particles dispcfsed 11 & Tesinous
binder, the terms “rapidly cure™ and “rapidly corable” mean that the clear coating thermally
cures 1o a shorter period of time upon exposure 1o infrared radiation in comparison {0 a
similar coating and is exposed to the same amount of infrared radiation that does not contain
such non-stoichiometric tungsten oxtde particles. For example, the curing time may be at
lcast 10 percent less or 20 percent less. In cerfain embodiments, the curing time may be 60
percent less or 80 percent less.

IB813]  In accordance with certain embodiments, the clear coating compositions are
cured within controlied terperature parameters that result in suitable thermal curing of the
clear coating laver or layers, while avoiding thermal damage to the underlying substrate or to
any underlying coating layers that raay be heat sensitive. For example, the temperative of the
glear coating during exposure to infrared radiation may range from up lo 180°C, e.g., from
above ambient to 150°C, or from 5§ to 125°C, while the temperature of the underlying
substrate may be at teast 10°C less than the temperature of the clear coating layer, for
example, at least 20°C or 36°C or 60°C less than the temperature of the clear coating layer.

{8014]  Certain embodiments of the present invention are directed to electrically
conduetive clear coatings that are clear, e.g., fransparent and coloriess. As used herein, a
coating 18 “clear” if it is transparent and colorless. As used herein, a coating is “transparent”
if it has a lominous transmission in the visible region (400 to 800 nanometers) of at least §5
percent, such as at least 90 percent, or, in some cases, at least 95 percent of the incident light
and is substantially free of haze to the human eve. As used herein, a coating is “colorless” if
the human eve does not observe the coating as having a significant amount of a colored fone,

x, there would be Httle or no blue, yellow or pink tones in the observed coating. For
example, in certain ernbodiments, this would require that the coating not absorb significantly
more strongly in one or more 25-50 nanometer ranges of the visible portion of the
clectromagnetic spectrum (400 1o 800 nanometers) than in other 25-30 nanometer ranges
within the visible portion of the electromagnetic spectram, although small percentage
variations are tolerable. This may be exempiified by having an optical density of less than

.2, such as less than 0.1, or, in some cases, less than 0.05, in a 50 nanometer range in the
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visible portion of the clectromagnetic spectrum.  These kinds of measurements can readily be
taken by densitometers in transmissive mode,

{8015]  In certain embodiments, the electrically conductive clear coatings do not
fotally block or shield the transmission of nesr infrared radiation, e.g., in the range 0800 to
2,000 nanometers. The clectrically conductive coatings may allow at least 20 percent
transmisston of near-IR radiation throughout the range of near-IR wavelengths, for example,
at least 25 or 30 percent transmission. Thus, in this embodiment, the electrically conductive
clear coating does not totally block near-infrared radiation and is not considered to be an
infrared-shiclding material,

{00161  The coatings of the present invention include at least one layer that is
electrically conductive. As used herein, the term “electrically conductive”™ means that one or
more layers of the coating has a surface resistivity of less than 1.0 x 10" QWsquare, typically
tess than 1.0 x 10° (¥square. In cenain embodiments, the clectrically conduetive clear
coating bas a surface resistivity of from 1.0 x 10° to 1.6 x 16% Q/square, for example, from 1.0
% 10%to 1.0 x 10° Q/square.

[B017]  Fig. 1 is a side sectional view schematically iHustrating a coated substrate 10
in accordance with an embodiment of the present invention. The coated substrate 10 includes
a substrate 12 having a rapidly curable electrically conductive clear coating 14 applied
thereto.

[8018]  In ceriain embodiments, the substrate 12 is made of a polymeric material such
as polycarbonate, polystyrene, polyamides, polyesters, polyethylene, polypropylene,
melanine resing, polyacrylates, polyserylonitrile, polyurethanes, polyvinyl chloride, polyvinyl
alcohols, polyvinyl acetates and polyvinvipyrrolidones, and the hike.

{8019]  In certain embodiments, the substrate 12 may comprise glass. The glass may
be uncoated or coated. For example, while the glass iself may not be particularly heat-
senstiive, it may have one or more coatings that could be damaged by exposwre to high curing
temperatures assoctated with conventional clear coatings. The rapidly curable clear coatings
of the present invention may advantageously be applied to such types of coated glass
substrates without damapging the coatings or the underlying glass.

{00261  As shown in the embodiment of Fig. 1, the rapidly curable electrically
conductive clear coating 14 18 provided as a single layer on the substrate 12, The clear

coating 14 may have any desired dry filin thicknesy, such as from 0.1 micron to 1 mom,
g Y ; :
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typically from I micron fo 100 microns, or from 2 to 50 microns, or from 3 to 25 microns.
The clear coating 14 may include a resin or binder, as more fully described below

{0211 1o accordance with embodiraents of the present invention, the clear coating 14
is rapidly curable due to the presence of ultraline non-steichiometric tungsten oxide particles
dispersed in the clear coating layer 14, as wore fully described below. Furthermore, the
protective clear coating 14 shown in Fig. 1 may be electrically conductive, The clear coating
14 may be made electrically conductive by incorporating known materials such as indiwm tin
oxide, antimony tin oxide, graphene, quaternary ammonium salts, conduction polymers,
carbon nanotubes and the hke within the layer 14 in sufficient amounts to achieve the desired
level of electrical conductivity while maintaining acceplable levels of transparency.

j0822]  Fig 2 schematically illustrates another coated substrate 20 in accordance with
an cmbodiment of the present invention, The coated substrate 20 may include a substrate 12
stmilar to that described mn the embodiment of Fig. 1. In the embodiment shown in Fig. 2, a
rapidly curable electrically conductive clear coating 24 comprises a clear electrically

onductive layer 26 applied to the substrate 12, and a rapidly carable protective clear coating
28 applied to the clectrically conductive coating 26.

{00231 The clear electrically conductive coating 26 may comprise any suitable known
material such as indium tin oxide, antimony tin oxide, and the like. The electrically
conductive coating 26 may have a dry film thickness of from 0.1 to 100 microns,

{00241 The rapidly curable clear coating 28 includes wirafine non-stoichiometric
tungsten oxide particles in accordanee with embodiments of the present invention. The dry
film thickness of the rapidly curable clear coating 28 may typicaily range from 0.1 to 100
microns, for example, from 2 to 50 microns or from 3 0 25 microns.

{B025]  Fig. 3 schematically Dlustrates another coated substrate 30 in accordance with
an embodiment of the present invention. The coated substrate 30 includes a rapidly curable
electrically conductive clear coating 34, which comprises a primer layer 35 applied to the
substrate 12, a transition layer 36 applied to the primer layer 35, an electrically conductive
tayer 37 applied to the transition layer 36, and a rapidly curable clear coating 38 applied to the
clectrically conductive layer 37,

16026]  In certain embodiments, the primer laver 35 may comprise organofunctional
silanes, siloxanes, acrylates and the ike. The thickness of the primer layer 35 may typically

yange from 0.1 to 20 mwicrons. The transition layer 36 may comprise a relatively soft material
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that accommodates any mismatch between the coefficients of thermal expansion of the
substrate 30 and the electrically conductive layer 37. Examples of suitable transition layer
materials include silanes, urethanes, acrylics and the like. The thickness of the transition
layer 36 may typically range from (1.1 {0 49 microns. The electrically condustive layer 37
may be similar to the electrically condactive layer 26 in the smbodiment of Fig. 2. The
rapidly curable clear coating layer 38 may be similar to the protective clear coating 28 in the
embodiment of Fig. 2.

{8027} The clear coating layers, such as those described in the embodiments of Figs.
1-3, may comprise a binder. As used herein, the term “binder” refers o a continuous or film-
forming material such as a resin comprising, for example, thermoplastic compositions,
thermosetting compositions, radiation curable compositions, as well as compeositions
comprising a metal alkoxide. The resins may be provided in coating compositions that are
water-based or solvent-based hiquid compositions, or, slternatively, in solid particulate form,
1.2, a powder compositions,

[BOZ8]  in certain embodiments, the resinous binder included within the clear coating
favers of the present invention comprises 2 thermosetting resin, As used herein, the term
“thermosetting” refers to resins that “set” irreversibly upon curing or crosslinking, wherein
the polvmer chains of the polymeric components are joined together by covalent bonds. This
property 18 uspally associated with a cross-linking reaction of the composition constituents
often induced by heat. o certain embodiments, the resins and coatings do not include
reactive components that are polymerized by exposure to infrared radiation. The application
of infraved radiation raises the temperature of the non-stoichiometric tungsten oxide
containing layer(s) to thereby increase the rate at which the thermoset components cures.

{B029]  Thermosetting resins suitable for use in the compositions, such as coating
compositions, of the present invention include, for example, those formed from the reaction
of a polymer having at least one type of reactive group and a curing agent having reactive
groups reactive with the reactive group{s} of the polymer. As used herein, the term
“polymer” is meant to encompass oligomers, and includes, without limitation, both
homopolymers and copolymers. The polymers can be, for example, acrylic, saturated or
unsaturated polyester, polyurethane, polyether, polyvinyl, cellulosic, acrylate, silicon-based
polymers, co-polymers thereof, and mixtures thereof, and can contain reactive groups such as

epoxy, carboxylic acid, hydroxyl, isocyanate, amide, carbamate and carboxylate groups,
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among others, meluding mixtures thereof In ous embodiment, the polymer resin may
comprise a two part isocyanate,

180381 Suitable acrylic polymers tnclude, for exaraple, those described in United
States Patent Application Publication 2003/0158316 Al at {0030}-{0039], the cited portion of
which being incorporated herein by reference. Suitable polyester polymers include, for
example, those deseribed in United States Patent Application Publication 2003/0158316 Al
at [00401-[0046], the cited portion of which being incorporated herein by reference. Suitable
polyurethane polymers include, for example, those described in United States Patent
Application Publication 2003/0158316 Al at [00471-[0052], the vited portion of which being
incorporated herein by reference. Suitable silicon-based polvmers are defived in US. Patent
No. 6,623,791 at col. 9, lines 3-10, the cited portion of which being incorporated herein by
reference.

H0031]  In other embodiments, the flm-forming resin included within the coating

(,

compositions of the present invention comprises a thermoplastic resin, As used herein, the
term “thermoplastic” refers to resing that comprise polymeric components that ave not joined
by covalent bonds and thereby can undergo liquid flow upon heating and are soluble 1
soivents. See Saunders, K. 1., Grganic Polymer Chemistry, pp. 41-42, Chapman and Hali,
London (1973}, Suitable thermoplastic resins include polyearbonates, polyesters, polyamsides,
polyolefins, polystyrenes, vinyl polymers, acrylic polymers and copolymers and blends
thereot

[0832]  In certain embodiments, the binder is present in the rapidly corable clear
coatings in an amount of at least 10 percent by weight, such as at least 30 percent by weight,
at least 50 percent by weight, at least 90 percent by weight, or. in some cases, at least 35
percent by weight, at least 99 percent by weight, or, in yet other cases, at least 99.9 percent by
weight, or at least 99 .95 percent by weight. In certain embodiments, the binder is present in
the compositions of the preseut invention in an amount of no more than 99.99 percent by
weight, such as no more than 99.9 percent by weight, no more than 99 percent by weight or
1o more than 90 percent by weight. The amount of the binder present in the rapidly curable
clear coatings of the present invention can range between any combination of the recifed
values inclusive of the recited values

{8033]  The rapidly curable clear coatings of the present invention comprnise ulirafine

non-stoichiometric fungsten oxide particles dispersed in the binder. For example, the non-
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storchiomeiric tungsten oxide particles may be untformly dispersed throughout the thickness
of at least one layer of the clear coating.  As used herein, the term “non-stoichiometric”™ refers
to metastable materiale which have a composition that is different thap that required for

stoichiometric bonding between two or more elements, such as s deseribed in ULS. Patent

D

310 ¢col 10, Hne 45, the eited portion of

Somit

Mo. 6,344,271 (Mthe 271 patent™} at col. 9, line
which being incorporated hevein by reference. As described i the “271 patent, stoichiometric
bonding between two or more elements indicates that charge balance is achieved among the
elements. In general, therefore, stoichiometric fungsten oxide is WOs,

{0634]  In cortain embodiments of the present invention, the non-stoichiometric
tungsten oxide particles are of the general formula WO, where 2.2<x<2.99, such as
2.65<x=2.95. In some embodiments, the non-stoichiometric tungsten oxide particles are of
the formula WO 7 or WOo 6. In certain embodiments of the present invention, the tungsten
oxide particles are of the general formula MW, 0, where M is one or more elements selected
from H, He, alkall metals, alkahine-carth metals, rare earth elements, Mg, Zr, Cr, Mn, Fe, Ry,
Co, Rh, Ir, N, Pd, Pt, Cu, Ag, Ay, Zn, Cd, AL, Ga, In, TL'Si, Ge, Sn, Ph, 8h, B, F, P, §, Se,
Br, Te, Ti, Nb, V, Mo, Ta, Re, Be, Hf, Os, Bi, and [; W is tungsten; O is oxygen;
0.001<x/y<1, such as 0.001<x/y<0.1 and 2.2<2/y<2.99, such as 2.65<z/y<2.95. In some
embodiments, where the non-stoichiometric tungsten oxide particles ave of the general
formula MW, 0, 2/y is 2,72 or 2.9, Such tungsten oxide particles are deseribed in United
States Patent Application Publication No. 2006/0178254 A1 at [0071] to [B087), the cited
portion of which being incorporated herein by reference.

{80351  In certain embodiments, the ultrafine non-stoichiometric tungsten oxide
particles may have an average primary particle size of no more than 1,500 nanometers, For
example, the tangsten oxide particles may have an average primary particle size of no more
than 200 vanorneters, no more than 150 nanometers, no more than 100 nanometers, such a3
o more than 50 nanometers, or, in certain embodiments, no more than 30 nanometers, as
determined by visually examining a ywicrograph of a fransmission electron microscopy
{(“TEM"™) image, measuring the diameter of the particles in the rnage, and caleulating the
average primary particle size of the measured particles based on magnification of the TEM
image. One of ordinary skill in the art will understand how to prepare such a TEM image and
determine the primary particie size based on the magnification. The primary particle size of 3

particle refers to the smallest diameter sphere that will completely enclose the particle. As
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used herein, the term “primary particle size” vefers to the sive of an individual particle as
opposed to an agglomeration of two or more individual particles.

{0036]  In certain embodiments, the non-stoichiometric tangsten oxide particles
described above have a shape or ynorphology that is generally equiaxed or substantially
spherical. As used herein, the term “substantially spherical” refers to particles that have an
average aspect ratio of no more than 4.1, such as no more than 3:1, in some cases no more
than 2:1, and, in vet other cases no more than 1.5:1, 1.2:1 or 1.1 L

i0837]  The non-stoichiometric tungsten oxide particles that are included in the
compositions of the preseut juvention may be prepared by various methods known to those
skilled in the art, including gas phase synthesis processes, such as, for example, flame
pyrolysis, hot walled reactor, chemical vapor synthesis, among other methods. In certain
embodiments, however, such particles are prepared by reacting together ong or more
organometallic and/or metal oxide precursors in a fast quench plasma system. In certain
smbodunents, the particles may be formed in such a svstem by {a) introducing matenials into
a plasma charaber; (b} rapdly heating the materials by weans of a plasma to vield a gaseous
product stream; {¢) passing the gaseons product stream through a resirictive convergent-
divergent nozzle to effect rapid cooling and/or wtilizing an alternative cooling method, such
as a cool surface or guenching stream, and {d) condensing the gaseous product stream to vield
ulfrafine solid particles. Certain sustable fast quench plasma systems and methods for their
use are described in U8, Patent Nos. 5,749,937, 5,851,507, 5,935,293, 5,788,738, 5,984,997,
6,602,595 and RE37,853 E and U.S. Patent Application Publication No. 2006/0099146,
which are incorporated herein by reference. The non-stoichiometric tungsten oxide particles
may also be produced by a method described in United States Patent Application Publication
No. 2006-0178254 Al at [0088] to [0100], the cited portion of which being incorporated
herein by reference.

{B038]  In other embodiments, the non-stoichiometric tungsten oxide particles are
made by a wet chemiatry method, such as, for example, sol-gel processes, precipiiation
processes, wet grinding processes, inverse-micelle methods, and combinations of these
processes. See, e.g., Beck and Stegel, “The Dissociative Adsorption of Hydrogen Sulfide
over Nanophase Tiantum Dioxide,” J. Mater. Res., 7, 2840 (1992), and Steigerwald and
Brus, “Syunthesis, Stabilization, and Electronte Structure of Quantum Semiconducior

Nanoclusters,” Ann, Rev, Marer. Scl, 19, 471 (1989).
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{0839] Reduced forms of non-stoichiometric fungsten-oxide can also be prepared by
various methods. In some embodiments, the reduced form of non-stoichiometric tungsten-
oxide can be produced in sttu by the methods described above via the introduction of a
reducing material, In other erabodiments, non-stoichiometric tungsten particles can be post
processed n g reducing atmosphere such as a fiuidized bed reactor and the like.

{00401  In the rapidly curable protective clear coatings of the present ipvention, the
non-stoichiometric tungsten oxide particles are typically present in the composition i an
amount of greater than 200 ppm, for example, greater than 300, 400, 500 or 550 ppa. In
certain embodiments, the gon-stoichiometric tungsten oxide partivles comprise less than
5,000 or 4,000 or 3,000 ppim, c.g., lcss than 2,000 or 1,000 ppm. In centain embodiments
where high levels of transparency in the visible region are desired, the amount of non-
stoichiometric tungsten oxide particles may be less than 900 or 800 ppm.

[0648]  In certain embodiments, the coating compositions of the present invention mway
also comprise other IR absorbing particles such as indiom tin oxide, antimony tin oxide,
titanium nitnide, lanthanuro hexaboride, and the like. Specific examples of suitable particles
include, without limitation, any of those described in International Patent Application
Publication No. WO 2008/127409, incorporated herein by reference in its entirety, as weil as
those described in United States Patent Application Publication No. 2007/0203279 at {0047]
to [O0S81, U.S. Patent No. 7,368,523 at eol. 5, line 50 to col. &, ling 2, and U.S. Patent No
7.300,967 at col. 3, line 23 to col. 3, line 27, the cited portions of which being invorporated
herein by reference.

[8042] In certain embodiments, the clear coatings of the present invention may
comprise one or more other tngredients typically used in coatings such as crystallization aids,
impact modifiers, surface lubricants, denesting agents, stabilizers, antioxidants, ultraviolet
light absarbing agents, deactivators, nucleating agents, fillers, acetaldehyde reducing
compounds, other reheat enhancing aids, and anti-abrasion additives.

{0043] In cerfain embodiments, the clear coatings of the present invention comprise g
plasticazer, such as, for example, dibexyl adipate, phosphorie acid ester, phthalic acid ester,
and mixtores thereof. In some embodients, the plasticizer concentration ranges up to 35
percent by weight of the composition,

{0844] The clear coating compositions of the present fmvention may be prepared by

any of g vartety of fechniques. In sertain enbodiments, the non-stoichiometric tungsten oxide

-1
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particles may be introduced to the binder by chemical or wechanical methods. For example,
the non-stoichiometric tungsten oxide particles may be introduced to a polymeric binder or
introdueed to monomers before or during their polymerization at a suitable time and location,
Furthermore, the non-stoichiometric tungsten oxide particles may be jntroduced to a polymer
orintroduced to a monomer by mechanical mixing, shaking, stirring, grinding, ultrasound,
ete., with or without the aid of a solvent systern,

10645} he clear coating compositions of the present invention can be applied to the
substrates by any of a variety of methods including dipping or immersion, flow coating, spin
coating, spraying, intermitient spraying, dipping followed by spraying, spraying followed by
dipping, brushing, or roll~coating, among other methods. In certain embodiments, however,
the coatings of the present invention are applied by spraying or flow coating and, accordingly,
such compositions often have a viscosity that is snitable for application by spraving or flow
coating at ambient conditions,

{00461  In certain embodiments, the present invention provides methods of rapidly
curing the clear coatings using IR energy such as near-IR radiation including wavelengths
within a range of from 800 to 2000 nanometers. The IR energy can beapplied in any manner.
In some embodunents, the IR energy 1s apphied using an IR heat sowrce, such as an IR lamp.
IR faraps are conunonly used and available to one of skill in the art. The IR energy can also
be applicd by simply exposing the coating to some other hight source. The other light source
can be the light emitted by standard incandescent lights or even sun light. Thus, the IR
encrgy can be supplied in any manner, as long as the IR energy is sufficient o at least
partially affect the curing or drving.

{80471  The following examples are intended to iHustrate various aspects of the
invention, and are not intended to limit the scope of the Inverttion. In the following examples,
clearcoats with and without additions of non-stoichiometaic tungsten oxide particles were
evaluated. For the coatings containing the non-stoichiometric tungsten oxide particies, the
near-infrared absorbing non-stoichiometric tungsten oxide particles were prepared as follows:
240 grams of reduced tungsten oxide (WO 72 from GTP Corp., Towanda, PA} and 360 grams
of Solsperse 32500 (Lubrizol, Wickliffe, Ohio} were ground in an Higer mill at 3500 rpm for
one howr with 2.0 mm beads, followed by grinding for eight howrs with 0.3 mm beads. This

vielded a reduced tungsten oxide dispersion with an average particle size of 110 nmy,

~11-
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Example 1

{0048}  Four mil wet film thick coatings of an electrically conductive two part
isocyanate clearcoat available from PPG Industries, Pittsburgh, PA under the designation
FX422 were applied on flat, clear, colorless, rectangular, acrylic panels having thicknesses of

7/16 inch, One coating formulation contained no non-stoichiometric tungsten oxide particles
and another coating formulation contained 472 ppm non-steichiometric tungsten oxide
particles prepared as deseribed above. The loading of the non-stoichiometric tungsten oxide
particies is based on the total solids content of the coating. It is noted that the FX422
clearcoat normally takes one {o two days at ambient temperature to cure. The coated panels
were allowed to dry for § minutes, giving Z-mil dry film thick coatings. The coated pancls
were then cured with a near-IR lamp. The near-IR lamp was an Apolle V8 Glow heater 367
series with gold foil reflectors, part # VSAO0081 (quartz halogen bulb) from Tempeo Electric
Heater Corp., Wood Dale, Hllinois, This lamp has a maximum output at 1300-1700 nm. The
temperatores of the coatings, the acrvlic substrates on the opposite side of the coatings and the
gncoated acrylic substrates next to the coatings were measured during the curing operation
using an optical pyrometer.

{8049}  Solvent resistance was checked (MEK or acetone double rubs). In cach case,
if the coating was marred by the solvent resistance test another panel was made up and baked
under the near-IR lamp for Increasing amounts of time until it could hold up to 100 double
rubs of acetone or MEK. Results are shown in Tables | and 2. The results are plotied in Fig.
4, in where the y-axis represents the measured temperatores {°F) and the x-axis represenis the
cure time {seconds). As can be seen from Table 1 and 2, Fig. 4 full cure was obtained in 195
seconds for the clearcoat containing the nonsstoichiowetrio tungsten oxide particles versus
223 seconds without the particles. In addition, since the clearcoat containing the non-
stoichiometric tungsten oxide particles absorbed more IR energy, the substrate did not heat up

as much.
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Table 1
Clearcoat With No Reduced Tungsten Oxide
Bottom Substrate
Time {sec.) Coating Temp (F) Temp (F)
Bun A
{¥ 75 75
65 s
116 200 91
180 253 111
Run B
0 79 79
60 142 30
120 210 99
180 257 113
223%% 278 120

* Lamp turned off at 180 seconds; clearcoat took 50 acetone double rubs before

TOATTINg.
*% Lamp turned off at 223 seconds: clearcoat survived 200 acetone double rubs
El

without any warring.

Table 2

Clearcoat With 472 nom Reduoced Tungsten Oxide

Bottom Substrate Top Side Substrate
Tune (sec.) Coating Temp. {F) Temp, () Temp. {F)

0 75 75

60 156 84

120 217 95

150 248 100 208

175 268 106 215
195% 288 111 228

[6650)

* Lamp turned off at 193 seconds; clearcoat survived 200 acetone double rubs without any marring.

Four mil wet film thick coatings of an electrically conductive two part

isocyanate clearcoat available from PP Industiies, Pittsburgh, PA under the designation

FX422 were apphied on flat, clear, colorless, rectangular, polycarbonate panels having

thicknesses of 1/4 inch. One coating formulation contained no non-stoichiometric tungsten

oxide particles, another coating formulation contained 1,480 ppro now-stoichiometric tungsten

oxide particles, and another coating formulation countained 3,480 ppm non-stoichiometric

tungsten oxide particles prepared as deseribed above, The coated panels were allowed to dry
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for 5 minutes, giving 3-mil dry film thick coatings. The coated panels were then cured with a
near-{R lamp in a similar manner as deseribed in Example 1 while measuring the coating and
substrate temperatures. Results are shown in Tables 3-8, As can be seen, coating
temperatores during the coring operation ave significantly increased in the clearcoats
containing non-stoichiometric tungsten oxide particles, Table 4 also demonstrates the

significant temperature differential between the substrate and the clearcoat during the curing

(SEN

operation.

Table 3
Clearcoat With No Reduced Tungsten Oxide
Time {sec.) Coating Temp. (F)
0 ~75
60 170
Table 4
Clearcoat With 1,480 ppm Reduced Tunesten Oxide
Time {(sec.) Coating Tewp. (F) Bottom Substrate
; Temp. (F)
O ~75 ~75
60 246 125
Table s

Clearcoat With 3,480 pom Reduced Tungsten Qxide

Time (sec.) - Coating Temp, (F)
G ~75
60 295

{8051]  For purposes of this detailed description, it is to be understood that the
invention may assume varions alternative variations and step sequences, except where
expressiy specified to the contrary, Moreover, other than in any operating examples, or where
otherwise indicated, all numbers expressing, for example, quantities of ingredients used in the
specification and claims are to be understood as being modified in all instances by the term
“about”. Accordingly, unless mndicated {o the contrary, the numerical parameters set forth in
the following specification and attached claims are approximations that may vary depending
upon the desired properties to be obtained by the present invention. At the very least, and not

as an attempt to limit the application of the doctrine of equivalents to the scope of the claims,

14
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each numerical parameter should at least be construed in light of the number of reported
significant digits and by applying ordinary rounding technigues.

{60821 Notwithstanding that the numerical ranges and parameters setting forth the
broad scope of the invention are spproximations, the numerical valyes set forth in the specific
examples are vreported as precisely as possible. Any mupoerical value, however, inherently
containg cortain errors necessarily resulting from the standard variation found in their
respective testing measurements,

10653]  Also, it should be understood that any numerical range recited herein is
intended to include all sub-ranges subsumed therein. For example, a range of “1 t0 107 is
intended to include all sub-ranges between {and including) the recited mintmuny value of |
and the recited maximen value of 10, that is, baving a minimwum value egoal to or greater
than 1 and a maximum value of equal to or less than 10,

{0854]  In this application, the use of the singular includes the plural and plurai

o~

encompasses singular, unless specifically stated otherwise. In addition, in this application,
the use of “or” means “and/or” undess specifically stated otherwise, even though “and/ey”
may be explicitly used 1 certain instances.

[G058] Tt will be readily appreciated by those skilled in the art that modifications may
be made to the invention without departing from the concepts disclosed i the foregoing
deseription. Such modifications are to be considered as included within the following claims
uniess the claims, by their language, expressly state otherwise, Accordingly, the particular
embodiments deseribed o detail herein ave tllustrative only and are not Hmiting to the scope
of the fuvention which ¥s to be given the {full breadth of the appended claims and any and all

equivalents thereof,
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WE CLAIM:

i, A coated sabstrate comprising:
g substrate; and
a rapidly curable electrically conductive clear coating over at least g
portion of the substrate, wherein the coating comprises at east one clear layor comprising:
a binder; and
ulirafine non-stoichiometric tangsten oxide particles dispersed
i1 the hinder.

2. The coated substrate of Claim 1, whersin the ulirafive non-~
stoichiometric tungsten oxide particles are present in an amount of from 200 to 5,000 parts
per million.

3. The coated substrate of Claim 1, wherein the ultrafine non-
stoichiometric tingsten oxide particles are present in an amount greater than 500 parts per
million of the clear layer,

4, Thecoated substrate of Claim 1, wherein the coating allows greater
than 20 percent transmission of near-IR vadiation throughout 8 wavelength vange of from 800
tor 2,000 nanometers.

3. The coated substrate of Claim 1, wherein the ultrafine non-

an average primary particle size of no more than 200 nanometers.
6. The coated substrate of Claim 1, wherein the coating has an clectrical

. ~ 10
resistasce of less than 1.0 x 107" O/square.

7. The coated substrate of Claim 1, wherein the coating has an electrical

resistance of from 10% to 10° Q/square.

8. The coated substrate of Claim 1, wherein the binder comprises
polyurethane.
9. The coated substrate of Claim 1, wherein the coating comprises a

1. The coated substrate of Claim 1, wherein the coating comprises at least
two layers, and one of the layers is substantially free of the ultrafine non-stoichiometric

tungsten oxide particles.
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11, The coated substrate of Claim 1, wherein the coating comprises a first
glectrically conductive clear layer and a second cleay layer over at least 5 portion of the first
layer.

12, The coated substrate of Claim 11, wherein the fisst electrically
conductive clear layer comprises indium fin oxide, antimony tin oxide or a combination
thereof.

{3, The coated substrate of Claim 11, further comprising at least one
intermediate layer between the substrate and the first electrically conductive clear layer,

14, The coated substrate of Claim |, whevein the at least one clear layer is
thermally cured by exposure to infrared radiation.

15, The coated substrate of Claim 1, wherein the at least one clear layer is
cured for a time of less than 1 hour.

16, The coated substraie of Clainy 1, wherein the at least one clear layer 18
cured at a temperature of from 50 to 150°C.

17, The coated substrate of Claim |, wherein the substrate comprises &
polymer.

18, Thecoated substrate of Claim 1, wherein the substrate comprises
polycarbonate.

15, A method of applying an electricaliy conductive clear coating on a
substrate comprising:

applying a clear coating composition comprising & binder and ultrafine
nou-stoichiometrictungsten oxide particles onto the substrate; and

subjecting the applied clear coating composition to infrared radiation to
thereby heat and thermally cure the clear coating composition.

20, The method of Claim 19, wherein the curing step 1s performed for a
period of time of tess than 1 hour.

21, The method of Claim 19, wherein the infrared radiation heats the clear
coating composition to a temperature of greater than 50°C,

22, Themethod of Claim 19, wherein the infrared radiation is applied for a

period of time of between 1 second and 30 minutes, and heats the clear coating compesition

{0 a temperature of between 30 and 150°C.
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23, The method of Claim 19, wherein the Infraved radiation heats the clear
coating composition to a temperaturs at least 10°C above a temperature of the substrate
during the curing step.

24, The method of Claim 19, wherein the clectrically conductive clear
coating has an electrical resistance of less than 1.0 x 16 (Ysquare.

25, Themethod of Claim 24, further comprising applying an ¢lectrically
conductive clear coating onto the substrate prior to the step of applying the clear coating
composition onto the substrate.

26, A method of curing a clear coating composition apphed to a substrate,
the method comprising subjecting the clear coating composition to infraved radiation o
thereby heat the clear coating composition to a caring temperature of at least 50°C while
maintaining the substrate at a temperature at least 10°C less than the curing temperature of
the clear coating composition, wherein the resultant coated substrate has a surface resistance
ofTess than 1.0 x 10" (V/square.

27, The method of Clairn 26, wherein the clear coating composition is

subjected to the infrared radration for a tune of less than 1 hour.

d
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