wo 2014/036462 A1 |11 N0FV 00O 0 0 0O

(43) International Publication Date

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

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

=

\

(10) International Publication Number

WO 2014/036462 A1l

(51

eay)

(22)

(25)
(26)
(30)

1

(72

74

6 March 2014 (06.03.2014) WIPOIPCT
International Patent Classification: (81)
C09D 133/08 (2006.01)

International Application Number:
PCT/US2013/057623

International Filing Date:
30 August 2013 (30.08.2013)

Filing Language: English
Publication Language: English
Priority Data:

61/695,347 31 August 2012 (31.08.2012) US
Applicant: ARMSTRONG WORLD INDUSTRIES,

INC. [US/US]; 2500 Columbia Avenue, Lancaster, PA
17603 (US).

Inventors: TIAN, Dong; 2190 Butter Road, Lancaster, PA
17601 (US). LEININGER, Larry, W.; 130 Bomberger
Road, Akron, PA 17501 (US). WINEY, Rebecca, L.; 415
Redwood Drive, Lancaster, PA 17603 (US).

Agent: ARMSTRONG WORLD INDUSTRIES INC.;
2500 Columbia Avenue, Lancaster, PA 17603 (US).

(84)

Designated States (uniess 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,
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, 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, T™M,
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).

Published:

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

(54) Title: DURABLE UV CURABLE COATINGS

(57) Abstract: Described herein are UV curable coating comprising: an acrylate component a photoinitiator, an amine synergist, and
an abrasive; along with methods of making and using same.



WO 2014/036462 PCT/US2013/057623

PURABLE Uv CurasLy CoATINGS

Cross-Reference to Related Applications
{80011 This apphication claimy priority to ULS. Provisional Application Serial Naw
617695 347, filed Angust 31, 2012 entitled “UV Curable Coating™, the contents of which are

hereby incorporated herein in their entirety.

Field
16002} The present invention relates o radiation corable compositions for use in coating
substrates, and more parnicularly to uliraviolet curable coatings for flooring and other
applications.
Background
{0003} Radiation corable coatings, such as UV curable coatings, are applied Lo vanoos types
of substrates o enhance thewr durability and finish. These radiation curable coatings are
typically mixtares of resins, including oligomers and monomers that are radiation curable
after being applied to the substrate. The radiation curing polymerives and/or cross~hnks the
resing Lo produce high or low gloss contings. Radiation cursble coatings are ofien referred to
as topcoats or wear lavers and are used, for example, in a wide variety of Hlooring
applications, sach as on hinoleum, hardwouod, resilient sheet, and tile flooring.
{0004} However, while these known coatings provide some protection to the substrate, the
coutings are prone to wear causing the appearance of the floor to become less desirable.
Therefore, it would be desirable to have a coating which exhibiis improved stain resistange,
tmproved scuff resistance, improved scratch resistance, and/or the abibity o restore the foor
using dry buffing maintenance.
Summary
8003} Some embodiments of the present invention provide a UV carable coating
comprising: an acrvlate component; a photomitiator; an amine synergist; and an abrasive.
[8006} Some embodiments of the present invention provide a UV curable coating
comprising: [rom aboul 65 wi. % to about 85 wi. % of an acrvlate component; from about
0.1 wi % to abowt § wi % of 3 photomitator; from about 0.1 wi. % to about § wi. % ofan
amine synergist; snd from about T wil % to about 18 wi. % of an abrastve,
180071 1o sone embodiments, the present mvention is directed to a flooring prodact
comprising: a substrate; and a UV curable coating comprising: from about 65 wi. % to about

85 wi. % of an acvylate conponent; from abowt 0.1 wi. % 1o about § wt. % of a photeinitiator;
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frony about 8.1 wi % to aboot 3wt % of an amine synergist; and from abogt et %o lo
about 15 wi. %o of an abrasive.

6008} Some embodiments provide methods improving the heel sculf resistance andior
seratol resistance of a flooring product comprising applving to the major surface of a
subatraie, any one of the coatings deseribed herein; and exposiny the coated substraia to at
teast one radiation source,

[0609] In some embodiments, the present wnvention provides a UV curable coating which has
a hydrophobic surface.

160101 Some embodiments provide methods for reducing the extent (o whach dirt 15 attracted
to a surface of & flooring product coated with any one of the coatings described herein.

{8011} Other embodiments provide methods of improving the cleanability of a surface of a
flooring product coated with any one of the coalings described herain,

{8012} Stll further embodiments provide methods of reducing the water-based statning of a
flooring product coated with any one of the coatings described herem.

{8013} Some embodiments are directed to a UV curable coating which inclades one or more
polvmer matting agents/waxes, silicone acrvlates, abrasives, or any combination thereof
16014} Some cmbodiments of the present mvention provide compositions comprising a
monomer, an oligomer, a photo witiator, a silicone acrylate, a matting wax, an additive, or a
combination of two or more thereof.

[0015} In some embodiments, the compositions ave apphied directly or indirectly o 2
substraie.

[86016] Some embodiments provide methods for restoring a surface covering by application
of a composition described herein

160171 Some enmbodiments of the present tnvention are directed to UV curable coatings
which exhibut improved stain resistance, snproved scufl resistance, improved scratch
resistance, the abidity to restore the coating usimg dry baffing maintenance, or any
combination thereof.

[8018] Other features and advantages of the present invention will be apparent from the
following more detailed description of the preferved embodiment, taken in comjunction with
the accompanying drawings whuch iustrate, by way of exaraple, the principles of the
mvention

Detailed Description
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{6019} Ax used hevein, the term "UV A radiation™ vefers 1o UV radiation having the stongest
wavelengths batween 315400 nm.

100201 As used hevein, the term “UVB radiation” refers to UV radiation having the strongest
wavelengths between 280-315 nm.

{89211 As used herewm, the term “UVC radiation™ refers to UV radiation having the sirongest
wavelengthis between 200-280 mn,

{6022} As used herein, the terms “owre” or “cunng” refer to a change in state, condition,
andfor structure m & material that is usually, but not necessanily, induced by at least one
vartable, sach as time, temperature, moisture, radiation, presence and quantity in such
material of & curing catalyvst or accelerator, or the Iike. The terms cover partial as well as
complete coring.

{8023} As ased herein, the term “wi. 997 refers {o the weight percentage of the particular
mgredient in the final coating composition,

[8024} Some embodiments of the present invention provide a UV curable coating
comprising: an acrylate component; a photoimitiator; an amine svnergist; and an abrasive.
6025} Some embodiments of the present mvention provide a UV curable coating
comprising: [rom about 65 wi. % 10 about 85 wi. % of an acrvlste component; from about
0.1 wt. % to about 5 wt. % of a photoinutiator; from about 8.1 wi. % to about 3 wi. % of an
amine syaergist; and from about 1 wi. %6 to about 13 wi. % of an abrasive.

{0026} Further embodiments provide coatings wherein the acrylate component comprises an
acrylate selected from a polyester acrylate; an epoxy acrylate; a silicone scrylate; ov a
combination of two or more thereof.

{60271 Sull further embodiments provide coatings comprising from abowt 2 wi. %6 1o abowt
3.5 wi. %, of a photeinitiator.

8028} Other embodiments provide coatings which further comprise a lubricant, In some

EL

embodiments, the coating further comprizes from about 1wt % to abouot 10 wt Mofa

tabricant. In some embodiments, the lubricant s a wax tubricant. In some embodiments, the
wax lubricant is present in an amount of from about 2 wi, %6 to abowt 10 wi %. In some

embodiments, the wax lubricant is present in an amoeant of from about S wi. % fo about @ wt.
%, In some embodiments, the wax lubnicant is present in an amount of from aboul & wi. % 1o

about 8 wi. Ye. In some embodiments, the wax lubricant i3 presemt i an gmount of from

T4y
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about 7wl % 10 about 3 wit %, In sone embodiments, the wax lubricant is present in an
amount of abowt 7.5 wi %,

-

Tom gbout 70 wi % to sbout 82 wi. %,

o

160297 In some embodiments, the coating comprises

of an acrviate component. In some embodimentts, the coating cornprises from about 75 wi. %
to 80 wi. %, of an acrylale component,

6038} Some embodiments provide coatings comprising from 2 wi. Y 1o 3 wi %, of an
aming synergist,

{6031} Oiher emboduments provide coatings that further comprise & Nattening agent. In some
embodiments, the coating funther conprises from about 0.1 wi % 1o sbouwt 3 wi. % ofa
{flattening agent.

180321 1o some embodiments, the coating further comprises a surfactant, In some
emboduments, the coating further comprizes from about 6.1 wi. % to abowt | wi %e of 3
surfactant.

[0033} Some embodiments of the present invention provide a flooring product comprising: a
substrate; and a UV curable coating comprising: from aboat 63 wi. %4 to aboat 85 wi. % of
an acrylate component; from about 0.1 wi. % 1o about 5 wi. % of a photomthator; from sbout
(1.1 wi. % to about § wi. % ol an amine synergist; and from about T wit. %% to about 13wt %
of an abrasive.

{8034 In some embodiments, the coating s applied to a major surface of the substrate. In
somne embodiments, the coating apphied to 8 major swrface of the substrate can be any one of
the coatings described herein

8035} Some embodiments of the present invention provide a method of improving the heel
scuff resistance of a floonng product comprising applving to the major surface of a substrate,
any one of the coatings described herein; and exposing the coated substrate to af least one
radiation soarce.

8036} Other embodiments of the present invention provide a method of improving the
scratch resistance of a flooring product comprising applyving to the major swrface of a
substrate, any one of the coatings described herein; and exposing the coated substrate to at
least one radiaion source.

18037} Yet other embodiments provide a method of reducing the extent to which dirt i3

attracted to a swrface of a flooring product comprising applying to the major surface of a
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substrate, myy one of the coatings described herein; and exposing the coated subsirate o at
feast one radiaiion source.

160381 Sull further embodinents provide a method of improving the cleanability of a surface
of a fooring product comprising applying o the major surface of a substrate, any one of the
the coatings described hergin; and exposing the coated substrate to at least one radiation
SoUrce.

{6639} in some embodiments, the present invention provides a method of reducing the water-
based staming ol a Hooring product comprising applyimg o the major surface of a substrate,
any one of the coatings described heveln; and exposing the coated substrate to af least one
radiation source.

8040} Some embodiments provide 3 method of reducing emission of volatile organic
compounds from a substrate coated with any one of the coatings described herein,
comprising: applving to the major surface of the sebstrate, any one of the coatings described
herein; and exposing the coated substrate to at least one radiation source.

[8041} In some embodiments, the coated substrates provide a water contact angle of from
about 85 degrees to about 120 degrees. In some embodiments, the coated substrates provide
a surface energy of from about 6 to about 21 dynefom,

{89421 In some embodiments, the coating is applied to the substrate in amount sufficient to
provide a wet tuckness of from about 0.5 to 2 mils. In some embodiments, the coating 13
apphed o the substrate in an amount sufficient 1o provide a wet thickness of abont 1 mil. In
some embodiments, the coated substrate 15 exposed to a plurality of radiation sources. In
some embodiments, the coated substrate is exposed to an infrared radiation source. In some
embodiments, the coated substrate 1s exposed to an ultraviolet radiation source. In some
embodiments, the aliraviolet radiation source is selected from a UVA radigtion source:; 8
UV radiation source; a UVC radiation source; and combination of two or miore thersof,
{8043} In some embodiments, the acrylate component comprises an acrylate vesin such as
EC6360 polyester acrylate, EM 2204 tricyclodecane dimethanol diacrylate, EC6154RB-80,
BCa1131-80, HCOT42H-80, and BCH145-100 alt available from Etemal, Actilane 379 and
Actilane 503 gvailable from AkzoNobel; Roskydal TP LS 2114, Roskvdal UA VP LS 2266,
Roskydal UA VP LS 2380, Roskydal UA VP LS 2381 (XD042709), Roskydal UA XP 2416,
Desmolux U206, Desmolux U 500 acrylate, Desmolux UdS0H, Desmolux XP2441,

Desmolux XP2313 unsaturated aliphatic urethane acrylate, Desmolux XP 2738 ynsaturated
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aliphatic allophanate, Desmotax PI73D, Roskvdal UA TP LS 2238, Roskydad A TP LS
2265, and Roskydal TIA XP 2430 all available from Bayer; €D 406 cyvlohexane dimethane!
diacryiate, CDA20, CDO1Y, CNU6S, ONOG6 AB0, CN966 175, UNORY, CN991, UN2926,
CN2282, ONUBSBEE, ON2003B. | 2-EHA, | CN 367 hydrophobic acrylate ester, CN 308
hydrophobic acrylate sster, hvdvophobic acrylale ester, ON 989 aliphatic urethane acrylate
oligomer, UN 9007aliphatic urethane acrylate, UN 9009 alipbatic urethane gorylate, N

90 { {aliphatic urethane acrylate, ON 9014 hydrophobic wethane acrvlate, SR 339 2-
phenoxvethvi acrylate, SR 331 eveliv trimethviolpropane formal acrylate, SR 540
ethoxylated{4) bisphenol A dimethacrylate, SR 3010, SR 9035, SRE338 wicyclodecane
dimethanoe! dimethacrylate, SR331 2-phenoxyethyl acrylate, SR 351, SR 306, SR3935, SR
238, SR399, SR324, SR257, SR-502, SR203 all available from Sartomer; Disperbyk 2008
acrylic block copolvmer from BYK Chenue; Ebecrvi 230, Ebecryl 270, Ehecryvl 4830,
Ebecryl 4833, Ebecryl 4883, Ebecryl 8402, Ebecryl 8405, Ebecryl 8411, Ebecryl 8807, and
Ebecryl 809, Ebecry 114 2-phenoxyethyl acrviate | dipropylene glveol digeryiate (DPGDA),
neopentyl glveo propoxylate (2) diacrylate (NPGPO DA}, trimethylolpropane ethoxy
trinerylate (TMPEOA), isobornyv! acrylate {IBOA), Ebeeryl 114, and Ebecryl 381 all
available from Cytec; and Polylox 3308, PolyFox 3320, snd Polyfox 3510, all available from
Omnova and AR-23 polvester acrylate. AR-25 may be formed according to the procedure of
Example 7 of U.S. Patent No. 5,891,582, whach is hereby incorporated herein m s entivety.
{0044} In some embodiments, the coatings of the present nvention include a photofnitiator,
which absorbs only in the UV range of the electromagnetic spectrum. As such, the
photomnitiator absorbs radiation at wavelengzths lving cutside, or shorter than, the visible fight
spectrun, generally less than about 420 wn. The photointtiator responds to such UV radiation
to imitiate and induce curing of the curable restn component.

8045} Pholomitiators that may be employed inchde any photoinitiator known in the art and
which is activated by ultraviolet radiation. The photoinitiator i3 usaally, but not necessanly, a
free radical photoimbiator. Suitable free radical photoinitiators inclade unimolecular {(Norish
Type §and Type I}, bimolecylar (Type 11}, and blomolecular photosensitization (energy
transfer and charge transfer). Exemplary free radical photoimitiators that may be employed
mclude, but are not hnuted to, diphenyl ketone, 1-hydroxyeyclobexy! phenyl kelone, phenyl
bis (2.4.6-timethyl benzovDphosphine oxide, Esacure KTO-46 {a mixiure of phosphine

oxide, Esacure KIP150 and Esacure TZ71), 2, 4,6-tnmethyvibenzoyidipheny! phosphme oxide,

6
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isopropylihioxanthone, I-chioro-d-propoxy-thioxanthone, 2 4-disthylthioxanthone, 2~
chlorothoxanthone, camphorquinene, 2-ethyl anthraguinone, as well as Irgacare 1700,
Irgacure 2020, Irgacure 2959, Trgacure 500, Irgacure 651, Irgacure 754, Irgacure 907,
Irgacure 184 {-hydro-xvelohexyl phenvl ketong all available from BASFE. Other
photoimiiators that may be emploved include Speedcure BP and Speedoure &4 all available
from Lampson.

{6046} in some embodiments, the photoinitiator may be a benzophenons (such as, but not
hmited fo, dipheny! ketong) ov substituied benvophenone, such as, for example, an alpha-
hydroxyketone. One particelarly suitable alpha-hydroxvketone 1s F-hydroxy-cyclohexyl
phenyl-ketone. Photomitiators nway be present in the coating compositions, for example, in
an amount from about T wit. % to about 15 wit. % by weight in the final composition;
optionally in an amount from about 2 wi. % 1o about 6 wi %,

{00471 Abrasives nuay be present in the coating compositions. Abrasives that may be
employed inchide, but are not imited 1o aluminum oxide, fluotite, apatite, feldspar,
nepheline syenite, plass, quartz, ceramic, silicon nitride, silicon carbide {carborandam),
ungsten carbide, titaniwm carbide, topaz, corundumy’ sapphire (ALO:), dimmond, and
combinations thereof A non-limiting example of an abrasive that may be ciploved 18
PWAS30 alumina from Fuginm, 1In some embodiments, abrasives arve present in the coating
compasitions, for example, i an amount from about 1 wi. % o about 20 wi. % by weight in
the final composition. Optionally, abrasives are present i1 an amount from about 1% to about
10 wi. %, Further optionally, abrasives are present in an amount from about 1 wi. % 10 about
G wt. %,

16048} Flattening agents may be present in the coating compositons. Flatteming agents that
may be used re usnally inoreanic, typically silica, although organic flattening agents or a
combination of iorganic and organic materials may be used as {lattening agents. Examples
of such Hattenmyg agents include but are not limited to Gastl UV70C silica from Ineos Silicas.
ACEMATT HK12S, ACEMATT HK400, ACEMATT HK440, ACEMATT HK450,
ACEMATT HK460, ACEMATT OK412, ACEMATT OK 500, ACEMATT OKS20,
ACEMATT OK6G7, ACEMATT TS100, ACEMATT 3200, ACEMATT 3300 all available
fromy Evonik; MPPOZOXXF, Polyfluo 139, Propylmatie 31 all avarlable from Micropowders;

Cerallour 914, Ceraflour 413 all available from BYK; Gasil ulwavielet70C, Gasil HP280,
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CGasil HP 868, Gasit HP 870, Gasd 13 37, Gasil ultraviolet 33C all available from PO
Corporation.

160497 Where a plurality of flatterung agents is emploved, the Hatiening agents may differ by
chenusiry {Le., composition), particle stze, particle size distribution, surface treatiment,
surface area and/or porosity.

[8030} Suitable amine synergists include, but are vot limited to, 2-ethythexyl-4-
dimethviamino benzoate, ethyl 4-(dimethyvlaming} benzoate, N-methyl diethanolamine, 2-
dimethylamino ethylbenzoate, and butox vethvi-4-cimethylanuno bensoate, as well ag
CN373, ON383, ON384, ON3R6 and ON 371, all avanlable from Sartomer; Ebecry P104,
Ebecry PLLS, Ebecry 7100 all available from Cytec; and Roskydal UA XP 2299 available
from Bayer.

{8031} Generally, UV curable compositions for use as protective coatings on substrates, such
as flooring may be created as either a solvent base or waterborne forondations that include &
resin and a photomitiator,

[8652] The compositions also may include one or more surfactants. Sorfactanis that may be
emploved inchude, but are not imited to, BYK 3530, BYK 3532, BYXK 3333 and BYK 3534
from BYK Chenue.

{86531 In some embodiments, the present mvention refates to ultraviolat {UV}) curable,
coating compostiions. Exemplary compositions of the present mvention cure by exposiae 1o
UV Hight to form a coating for flooring, soch as, but not limited to, Hoolewm, hardwood,
resilient sheet, and tile flooring. These flooring products demonstrate, infer alia, improved
siain resistance, improved scuff resistance, improved scraich resistance, andior the ability to
restore the floor using dry buffing maintenance,

16054 Tn some embodiments, the present invention provides coatings comprising a curable
resin, a photoingiator, a matting agent/wax, an abrasive, and a dispersing agent. In some
embodiments, the coatings further comprise an antimicrobial agent. In some embodiments,
the curable resin comprises an acrylate component.

[8035} The curable resin includes both a monomer and oligomer. The use of monomers
reduces the viscosity of the coating prior to curing. This {acilitates the manufactaring and
coating process. In some embodiments, the coatings comprise an acrylate, a tuicyclodecane
dimethanol diacryviate, 8 oyelic trimethylolpropane trincrylate, 2-phenoxyihyl acrvlate, a

sihicone acrylate or a combimation of bwo or more thereoll In some embodiments, the
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coalings comprise a polyester acrviate, an wrethane acrviate, an epoxy aceylate, 3 silicone
acrvlate, a hydrophobic wrethane acrvlate, an aliphatic silicone acryiate, & hydrophobie
acrylate ester, an amine synergist or a combination of two or more theveof.

{89561 Curable resins are present in the coating composHions, for example, I an amowut
from about 60% 1o about 90% by weizght in the final composition. Desivably, curable resins
are present i an amount from about 75 wi. %% to about 83 wi. %. Monomers are present in the
coating compositions, for example, in an amowt from about 3 wi. % to gbout 70 wi. %
Desirably, monomers are present i an amount from about 30 wi % 1o about 45 wi, %,
Oligomers are present in the coating compositions, for example, i an amount from about 5
wit. % to about 70 wt. %. Desirably, oligomers are present i an amount from about 33 wi. %%
to about 45 wt. %,

{80371 In some embodiments, at least a portion of the acrviate componenl comprises one of
maore stheone acrvlates. Some embodiments provide coatings wherein the silicone acrvlate is
present in the coating composition, for example, in an amount from about 1 wi. % to about 30
wi. %. In some embodiments, & silicone acrvlate is present in an amount from about 2 wt. %
1o about 10 wi %, In some embodiments, a siicone acrviate 18 present i an amount from
about 3 wi. % to about 7 wit. %.

{80581 Some embodiments provide coatings comprising an acrviaie componant coRyyismg a
sificone acryiate m the amount of from about 2 wt. % to about 10 wi. %%; and a lubricant in an
amount of from about 2 wi. % 1o about 10 wt. Y.  Some emwbodiments provide coatings
comiprising an acrylate component comprising a siheone acrylate in the amount of from about
3wt %% 1o about 7 wi. %% and a lubricant in an amount of from about 5 wi % to about 9 wi.
%, Some embodiments provide coatings comprising an acrylate component comprising a
silicone acrviate i the amount of from about 3 wit. % to about 7 wi. %; and a lubricant in an
amowt of from about 6 wi. % to about 8 wi, %,

{8039} The exemplary composttions of the present invention may nchede at least one
polymer matting agent. When the composition is cured, the polvmer matting agent is a solid
which is provided in the coating to provide looning polishing characteristics. In some
embodiments, the polymer matiing agent allows the Hoor o be dry buffed to restore the floor
10 its imsal appearance. This allows the Joor 1o be polished without the peed for additional

chenueals or polishes to be added.

9
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{8060} Suitable polymer matting agents mnclude, but are not Himited to:
polvtetrafluoroethylene, polvethvlene, polvpropylens, modified polvethviene, wax polymers,
hvdrocarbon, biodegradable polvmer based on renewable resources, natural waxes {such ag,
bt not finnted o, camauba wax, monian wax, paraifin wax} and combinations thereof
{8061} In some embodinmenis, the terms “lubnicants™ and “polymer maiting agenis™ are used
mnterchangeably.

{6062} in some embodiments, a silica matiing agent may be incladed, for example, man
amount from about O wi. % {0 about 15 wi. %, Desirably, silica matiing agents are present in
an amount from about 1 wi. % o about 6 wi. %,

16063} The exemplary compositions of the present invention may also inchude at least one
dispersing agemt. The dispersing agents include, but are not fimited to: acrviic block
copobvmers and combmations thereofl

{8064} Dispersing agents may be present in the coating compositions, for example, w an
amount from about .1 wi. % to about 1 wi. %. Desirably, dispersing agents are present in an
amount from about (1.1 wit. % to about 0.5 wi. .

{80651 The exemplary compositions of the present myvention may also include an amine
synergist, An amine synergist may be present in the coating compositions, for example, in an
amount from about 1wt % to about |35 wi. 9%, Desirably, an anuine synergist is present in an
amengt fromm sboat 2w, % to aboal 6 wil %, optionally in the amowst of abool 2.5 wi, %
{0066} The exemplary compositions of the present invention may optionally include wetting
agents. Examples of suitable wetting agent include, but are not Hinited to: silicones or
sihicone-fres surfaciants, fluorocarbon surfactants and the combination thergof, Watlting
agents are present in the coating composiions, for example, in an amount from about 0% o
about § wi. Y. Desirably, wetling agents are present in an gmounnt froms about § wt. %
about 1 wi. %

8067} The exemplary composttions of the present invention may optionally inchude an
antinycrobial agent. When present, the antinmicvobial agent may be present in the coating
compositions, for example, in an gmount from gbout 0 wi. % 1o gbout 3 wi, %, Desirvably,
antinncrobial agents are present in an amount from aboat 0.1 wit. % (o about | wi %

{60681 In accordance with the present myvention, the UV curable compositions may be
applied to a surface of flooring, such as, but not imited to Hinoleam, hardwood, resilient

sheet, and tile oormg to form a coating thereon. Upon exposure to UV lipht, the

10
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conmypositions of the present Invention cure to a coating that imparts improved stain resistance,
maproved sonff resistance, improved seratch resistance, andéor the abibity (o restore the Hoor
using dry buffing maintenance.
{86691 Without being hound by theoty, it is believed that in some embodiments, the
combnnation of a silicone acrvlate and a polyvmar matting agent contribuies 1o the umproved
stain resistance demonstrated by the coatings of the present invention. In some embodimenis,
the coating forms a hydrophobic surface which resists water based stams, captures less dirt
and is eastly cleaned or mamiained using dry buffing,
16679} In some embodiments, the coatings of the present nvention provide a reduction in
VOU emissions from a substrate coated therewith, In some embodiments, the substrate is a
celtulosic substrate. In some embodiments, the substrats is 3 wood plank. In some
embodiments, the sabsitrate is selected from hnoleum, hardwood, resilient sheet, and tle. In
some embodiments, the substrate is vinyl tle.
[8071} The mvention will be described in greater detail by way of specific exanples, The
following examples are offered for Hustrative purposes and are not intended to Hinut the
mvention i any manner. Those skilled i the ant will readily recognmize a vavtety of
noncritical pargmeters which can be changed or modified to vield essentially the same results.

Exaniples
Example ¥
{0072} Desceribed in Table § (below) are five (§) exemplary coatings of the present invention.
These coatings were prepared by conventional means, readily understood by those skilled in
the art.

Table 1

Lo oW
Ingredient Wi %
Polvester acrviate W73 1453 {17241 1453 {332
Modified Epoxy Acrviate 2401 2179 {174 2179 1 1332
Acrviate 7.37 7.26 610 7.6 G613
Tricyclodecane dimethanol
diacrylate 14731 1483 113761 B33 ¢ 1226
Cyelic Trimethylolpropane
Formal Acrvlate .63 6.54 6821 6,54 S350

il
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Trimpthelolpropane Trigerviate {| 316 | S.OK | 433 5.08 429
2-Phenaxyiind Acrvlate 6.63 6.54 6.21 6.54 351
Silicone Acrviate - o~ 690 1 363 6,13
Ammne Svoergist 3.68 3.63 2.45 247 RE
Surfactant 250 | 247 10661 006 (.39
Diphenvl ketong {1.67 .66 2.53 2.57 2.26

I-Hydroxy-cyolohexyl phenyl

ketone 2.61 2.57 .64 .64 (.57
Wax Tubricant .63 .64 744 7.50 661

Silica .44 1.31 268 1.97 233
Alaminam Oxide 7.60 7.30 397 399 14,13
Acryliv Block-copolymer 622 .63 .33 .38 {382

Example 2

180731 Coatings of the present invention are evaluated against acrviate coatings which do not
contain the combination of elements provided by erabodiments of the present fnvention for
their ability to resist heel scuff. Specifically, the coatings wre applied to a substrate and sre
evaluated according to ease of scuffing and the ease with which a scuff is removed. The data
described in Table 2 (below) demonstrates that the coatings of the presest invention (BV)
provide an acceptable level of heel scaff resistance while comparative acrylate coatings
which do not contain the inventive combination of ingredients (C1-CV) do not. “P”
vepresents an acceplable level of heel scudY resistance, while “F” represents an unacceptable
level of heel scuff resistance. Inadditon, it is worth noting that the comparative acrylate
coatings were much easter to sculf than the coatings of the present mmvention.

Table 2

Coating i 1] i 1V v L8] CH | CH 1§ CIV | ¥

Heel Scufl
Resistance
Test Resulis P I P P P ¥ F ¥ F F

Example 3

16074} Coatings of the present invention are evaluated against acrylaie coatingy which do not
contan the combination of elements provided by embodiments of the present invention iy
their abihity o resist abrasion. Specifically, the coalings are applied to a subsivate and each

12
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coated subsirate is exposed to 320 grit sandpaper tn a Byk Gardner Abrasion Tester for thirty
{30 oyeles. Gloss measurements are taken priov to and after the 30 cycles are completed.
Pre-exposure and post-exposure gloss readings are compared and g percentage gloss retention
is caleulated.

{80751 The data described in Table 3 (below ) demonstrates that the coatings of the presend
nvention (1-V) provide an gcceptable level of abrasion/scratch resistance while comparative

acrylate coatings which do not contain the inventive combination of mgredients (CI-C¥) do

noL.
Tahle 3
Coating I i 3 v ¥ i i CH CIV CV
2o Gloss
Retention 0271 874 1 107 @3 105 a2 {3 39 G 40

Example 4

16076} Coatings of the present invention gre evaluated against acrylate coatings which do not
contain the combination of elements provided by embodiments of the present invention to
compare the hvdrophobicity of a sabstrate coated therewith. Specifically, the coatings are
apphied to a substrate and the water contact angle and surface energy of the coated surfaces
are measured. The data described in Table 4 (below) demonstrates that the coatings of the
prasent wvention (V) provide a greater water contact angle and lower sarface energy than
the comparative acrylate coatings which do not contain the inventive combination of
mgredients (CI-CV), The ncreased water contact angle and the reduced sarfuace energy
demonstrated by exemplary coatings of the present invention result In a costed surface that

provides reduced dirt atiraction, improved cleanability and munimized water-based staming.

Table 4
Coating HI Y Cl Cll I CIv Cy
Water Contact
Angle (degreesy | 102,84 93.11 7146 8383 7302 69412 63,33
Surface Encrgy
(dyneiom) 11.01 {511 31.61 2331 338 3357 33,16
Example §

{8077} An exemplary coatimg of the present invention (V) s evaluated {ASTM D60GT-G2
(2008}) apmnst an acryiate coating which does not contain the combination of elements

i

ok
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provided by embodiments of the present mvention {CVI) for volatile organic compound
{(VOCY emissions. Both costings are applied to a thickness of about 2 mils and cured with a
UVA 1103 For' -~ UVC 0171 Fem®. The data described in Table 5 {helow) demonstrates

that coatings of the present invention provide a greater than five-fold reduction in YOU

enussions from a wood subsirate coated therewith,

PCT/US2013/057623

Tabie 5
Conting v | Vi
Formaldehyde Conceniration in Ay
Ppm BLO (.03
med(nrhy {1,003 0.017

Example 6

{8078} An exemplary coating of the present wvention (V) is evaluated in a FLEC test against
an acrylate coating which does not contain the combination of elements provided by
embodiments of the present invention {U'VIT} {or total volatile organic compound (TVOC)
emissions afler bwenty-eight {28} days. Both coatings are applied to a thickness of abow 2
mm. The data described in Table 6 (below) demonstrates that coatings of the present

fnvention provide g preater than three-fold reduction i TVOC ennssions from g resilient

sheet coated therewith,

Table 6
Cogting ¥ CVH
TVOC after 28 Days
{(Sugimh) 10 33

60791 1t is mtended that sny patents, patent apphcaiions or printed publications, mcluding

books, mentioned in this patent docament be hereby incorporated by reference in thely

entirety.

[0080] As those skilled in the art will appreciate, numerons changes and modifications may
be made (o the embodiments described herain, without departing {rom the spint of the

mvention. Itis intended that all such variations fall within the scope of the mvention.

14
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Claims
1. A LIV curable coating comprising:
from about 635 wit. % to about 83 wi. % of an acrylate component;
from about 0.1 wt. % to about § wi. 9% of a photoinitiator;
from about 0.1 wt. %% to about 3wt 9% of an anune synergist; and

from about | wt. % to gbout 15 wt. % of an abrasive.

2. The coating of clatm 1, wherein the acrylate component comprises an acrylate
selected from a polvester serviate; an epoxy acrylate; a stlicone acrylste: or a combination of

o or more thereof.

3 The costing of claim 1 or clatm 2, comprising from about 2 wit. %% to about 3.5 wil %,

of a photomitiator.

4, The coating of any foregoing claim, firther comprising a lubnicant.
5. The coating of any foregoing claum, further comprising from about 1 wi. % 1o gbout

13w %o of g fubricant,

6. The coating of any foregoing claim, wherein the acryvlate coraponent comprises g

silicone acrylate.

7 The coating of any one of claims 4 to &, whevein the lubricant is a wax lubricant.
B The coating of any foregoing claim, comprising from about 70 wi % to about 82 wi

%%, of an acrylate component.

3, The coating of any foregoing claim, comprising from about 75 wi Yo 1o 80 wi, %%, of
& & = ot P

an acrylate component.

16, The coating of any oregomg claimy, conprising from 2 wi. % to 3 wi. %%, of an anune

SYNErgist,

i6
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1. The coating of any foregoing clam, further comprising a Qattening agent.

12. The coating of anv foregoing claim, further comprising from about 0.1 wi. %6 to about

3 wi. % of a flatteming agent.

1

Led

The coating of any foregoing claim, Rurther comprising a surfactant.

14, The coating of any foregoing chum, further comprising fom about 0.1 wit. % to abowt

1wt % of & surfactant.

15, A flooring product comprising:
a substrate; and
a UV curable coating comprising:
from about 65 wi. % to about 8S wi % of an acrylste component;
from about 0.1 wt. % to about 5 wi. % of a photomihiator;
frony gbout 0.1 wit. % to about § wi. % of an amine synergist; and

from gbout | wi. % to about 15 wi, % of an abrasive.

16, The product of claim 153, wherein the coating 1s applied to a major surface of the

flooring product.

17 The product of claim 15 or claim 16, wherein the acrelate component comprises an
acrylate selected from a polyester acrylate; an epoxy acrylate; a silicone acryiate:; or a

combination of two or more thereol

18, The product of any one of claims 15 10 17, wherein the coating compnses from abow

2 wi. % 1o gbout 3.3 wt, %%, of a photoimitiator.

19 The product of any one of claims 13 to 18, wherewn the coating further comprises a

fubricant.
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20, The product of any one of clatms 13 to 19, wherein the coating further comprises

from about 1 wi. 9 1o showt 10wt % of a lubricant.

21 The product of clasm 19 or claim 20, wherein the lubricant is a wax lubricamt.

22, The product of any one of claims 15 to 21, wheretn the acrvlate component comprises

a siicong acrylate.

23, The prodoct of any one of clatms 13 10 22, wherain the coating comprises from abowt

70wt % to about 82 wt. %, ol an acrylate component.

24 The product of any one of claims 15 {0 23, wherein the coating comprises from about

75 wi %o 80wt %%, of an acrviate conponent.

25, The product of any one of claims 13 to 24, wherein the coating comprises from 2 wi.

% 10 3 wi. %, of any amine synergist.

26, The product of any one of claims 15 to 25, wheremn the coating further comprises a

flattening agent.

27, The product of any one of claims 15 to 26, wherein the coating further comprises

from abowt G.1 wi. % to about 3 wi. % of a flatiening agent.

28, The product of any one of claims 13 0 27, wheremn the coating comprises from about

3 wi %% o about 5 wi. %, of an abrasive.
2% A method of improving the heel scuff resistance of a flooring product comprising

applving to the major surface of a substrate, the coating of any one of clabms 1 to 14; and

exposing the coated substrate fo at least one radiation source.

i8
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30, A method of improving the seratch resistance of a flooring product comprising
applying to the major surface of a sobstrate, the coating of any one of clms 1o 14; and

exposing the coated substrate o at least one radiation sowrce.

31, A method of reducing the extent to which dirl  attracted to a surface of a flooring
product comprising applying 1o the major surface of a substrate, the coating of ary one of

claims 1 to 14; and exposing the coated substrate to at least ong radiation sowce.

32, A method of improving the cleanability of a surface of a flooring product comprising
applying to the major surfuce of a substrate, the coating of any one of clains 1 1o 14; and

exposing the coated subsirate to at least one radiation source,

33 A method of reducing the water-based staining of a fooring product comprising
applving to the major surface of a substrate, the coating of any one of claims 1 to 14; and
exposing the coated substrate to at least one radiation source.

34, A method of reducing the volutile organic enussions from s fooring product
comprising applving to the major surface of a substrate, the coating of any ong of claims | 1o

14; and exposing the coated subsivate 1o at least one vadiation somce.

35, The method of any one of claimis 29 to 34, wherein the coating is applied o the

substrate i an amount sufficient to provide a wet thickness of from about 0.5 to 2 mny

36, The method of claim 34, wherein the coating is applied to the substrate in an smount

sufficient to provide & wet thickness of about 2 mm.

37, The method of any one of claims 29 to 33, wherein the coating is applied to the

substrate i an amount sufficient o provide a wet thickness of about | mil.

38, The method of any one of clanms 29 w0 37, wherein the coated substrate is exposed to

a plurality of radiation sources.
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30 The method of any one of claims 29 0 38, wherain the coated subsirate 1s exposed to

an infrared radation sowrece.

$3, The method of any one of claims 29 to 39, wherein the coated substrate is exposed o

an uliraviolet radiation source.

41, The method of claim 40, wherein the ultraviclet radiation souree is selected from g
UV A radiation sowrce; a UVB radiation sowrce; a UVC radiation sowrce; and combination of

bwo o more thereof
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