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The present invention relates to a nethod for preparing fluoresc
pol ymers, and coating conpositions containing suchifiuorescent p W

particul ar, the present nethod relatesjto the inclusion of fluorescent
conpounds in t he preparation of polymers useful in coating conpositions
such that the resultant conpositions are detectable by fluorescent neans.
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the lack of commercially available monomers containing pendant fluorescent

moieties. Even if other monomers could be modified to incorporate pendant

fluorescent moieties, the increased cost of doing so would make the costof such

fluorescent polymers prohibitive.

Both the methods described by Amey and Fong are limited in applicability,
either by virtue of the nature of the chemistry involved, or by the lack of available
fluorescent starting materials. What is needed is a method for incorporating
fluorescence into a broad variety of polymers, thus permitting broader usage of such
fluorescent polymers. | |

STATEMENT OF THE INVENTION

A first embodiment of the present invention is directed to a method for
preparing a fluorescent polvmer, comprising copolymerizing one or more
ethylenically unsaturated monomers with a fluorescent compound selected from the
group consisting of polynuclear aromatic hydrocarbons and their substituted
aromatic derivatives; wherein the resultant polvm”er contains a fluorescent group.

A second embodiment of the present invention is directed to a coating
composition having enhanced UV durability, comprising a fluorescent polymer
prepared by copolymerizing an ethylenically unsaturated monomer with a

fluorescent compound selected from the group consisting of: polynuclear aromatic



A-second enbodi nent of the present invention is directed to a coating
conposi tion having enhanced UV durability, conprising a fluorescent polyner
prepared by copol yneri zing an ethylenically unsaturated nononer with a
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(longer wavelength) than the original excited state. “Chromophore” refers to a-
compound having fluorescence which is capable of being covalently attached to a
polymer. “Backbone” refers to the main chain of a polymer exclusive of pendant or. -
end groups; “pendant” refers to a group suspended from the main chain of a
polymer; and “end” refers to a group suspended from the end of a polymer chain.
“PVC” used in reference to paint means pigment volume concentration. The terms
“group” and “moiety” are used ihterchangeably. The following abbreviations are
used: cm = centimeter, mm = millimeters, nm = nanometers, mL = milliliters, HPLC
= high pressure liquid chromatography, UV = ultraviolet, ai = active ingredient.
Ranges specified are to be read as inclusive, unless specifically identified otherwise.

It has now been discovered that certain weak polymerization inhibitors can
be used to incorporate fluorescent moieties into a broad variety of polymers by free
radical copolymerization of the polvmerization inhibitors with the appropriate
monomers. These polymerization inhibitors can be broadly classified as polynuclear
aromatic hydrocarbons. Examples of such polynuclear aromatic hydrocarbon

- chromophores can be found in Russian Patent 478839 (Gladyshev) and
“Polymerization Inhibition by Aromatic Compounds,” ]. Polvmer Sci., 52:31 (1961).
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Sosnowski et al., ]. Polvmer Sci., Part A: Polymer Chemistry 32: 1497 (1994).) If a
sample of the applied coating is used, it may be useful to extract the polvmer from
the other coating components prior to analysis, in accordance with methods known
to those skilled in the art.

Examples of ethylenicallv unsaturated monomers having pendant fluorescent
functionality can be found in: US 5,043,406 (Fong), S. Sosnowski et al., ]. Polymer
Sci., Part A: Polymer Chemistry 32: 1497 (1994), C. L. Zhao et al., Macromolecules
23:4082 (1990), E. M. Boczar et al., Macromolecules, 26:5772 (1993), M. A. Fox et al.,,
Macromolecules, 23:4533 (1990), and C. Simionescu et al., |. Polvmer Sci., 23:2089
(1985). Preferred ethylenically unsaturated monomers having pendant fluorescent
functionality include: naphthylmethyl methacrylate, naphthylethyl methacrylate, 9-
anthryl methacrylate, 9-anthrylmethyl methacrylate, 2-(9-anthryl)ethyl methacrylate,
1~(9-anthryl)ethyl methacrylate, 3-hydroxy-2-methylene-3-(1-naphthyl)propionic
acid, N-dibenzosuberenyl acrylamide, (9-phenanthryl)methyl methacrylate, and 9-
vinyl phenanthrene. It is especially preferred to use naphthylethyl methacrylate, 9-
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t hat are + Typical comonomers that are useful in this invention are those that are

capable of undergoing free radical polymerization. The choice of comonomer will

vary, depending on the choice of chromophore. As used in this specification, the

term “acrvlic” is used in a general sense to describe polymers wherein at least one of

the monomers is of the acrylic or methacrylic type, including acrylic and methacrylic
acids, esters of acrylic acid or methacrylic acid, and substituted derivatives thereof.
“(Meth)acryl-” includes both acrvlic and methacrvlic derivatives. Such monomers
are well known in the art. Examples of such acrylic monomers include: alkyl
(meth)acrylates such as methyl methacrylate, ethyl acrylate, methyl acrylate, n-butyl
acrylate, 2-ethylhexyl acrylate, lauryl acrylate, cyclohexyl acrylate, isopropyl
acrylate, isobutyl acrylate, n-amyl acrylate, n-propyl acrylate, ethyl methacrylate, n-
propyl methacrylate, n-butyl methacrylate, isopropyl methacrylate, n-octyl
methacrylate, dodecyl methacrylate, heopentyl acrylate, n-tetradecyl acrylate, n-
tetradecyl methacrylate, isobutyl methacrylate, n-amyl methacrylate, n-hexyl
methacrylate, isoamyl methacrylate, cyclopentyl methacrylate, n-decyl methacrylate, -
and the like; other acrylate and methacrylate esters such as 2-bromoethyl
methacrylate, isobornyl methacrylate, phenyl methacrylate, benzyl methacrylate, 2-
phenylethyl methacrylate, 3-methoxybutyl acrylate, 2-methoxybutyl methacrylate,
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fumaric acid, itaconic acid; and olefins, such as diisobutylene, 1-octene, 1-decene, 1-
hexadecene and the like. .

These types of monomers are typically polymerized in the presence of water-
soluble or oil-soluble initiators. Examples of useful initiators include: persulfates,
peroxides, hydroperoxides, percarbonates, peracetates, perbenzoates, azo-functional
compounds and other free-radical generating species.

Surfactants are commonly used in emulsion or dispersion polymerization to
provide stability, as well as to control particle size. Conventional surfactants include
anionic or nonionic emulsifiers or their combination. Typical anionic emulsifiers
include but are not limited to: alkali or ammonium alkyl sulfates, alkali or
ammonium alkylether sulfates, alkali or ammonium alkylarylethef sulfates, alkyl
sulfonates, salts of fatty acids, esters of sulfosuccinic acid salts, alkyl diphenylether
disulfonates, and salts or free acids of complex organic phosphate esters. Typical
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havi ng al kyd weightpf theopolyimerng from about 7 to about 18 carbon atons and

having from about 4 to about 100 ethyl eneoxy unjts, and | yoxyal kyl ene
derivatives of ltierlsosometisegsuesefiy) te dngrasgraolesylagiwright irestHing 5
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triacrylate, dipentaerythritol tetraacrylate, dipentaerythritol pentaacrylate, dimethallyl
chlorendate, diallyl chlorendate, diallyl fumarate, diallyl itaconate, dially! phthalate,
diallyl isophthalate, triallyl isocyanate, triallyl trimellitate, 1,6-hexanediol diacrylate,
1,3-butylene glycol dimethacrylate, trimethylolpropane trimethacrylate,'
trimethylolpropane triacrylate, tripropylene glycol diacrylate, allyl methacrylate, and
divinyl benzene. Such compounds may be employed in the polymer at levels of 0.01 -
10 wt%, based on the weight of the polymer.

Other optional components that can be included in this invention include co-
solvents, pigments, fillers, dispersants, curing agents, wetting agents, anti-foam
agents, UV absorbers, antioxidants, biocides, and stabilizers. .

The coating compositions of the present invention can be used to provide
coatings on suitable substrates such as wood and reconstituted wood products,
concrete, asphalt, fiber cement, stone, marble, clay, plastics (for example, polystyrene,
polyethylene, ABS, polyurethane, polyethylene terphthalate, polybutylene terphthalate,



t he wei ght of the polyner. It is also sometines useful to increase
nol ecul ar wei ght of the resulting polyners. This can be acconplished by
addition of ethylenically unsaturated nonomer conprising at |east two sites
of ethylenically unsaturation.. Exanpl es7-of such conpounds i ncl ude:. et hyl ene
gl ycol dimethacryl ate, “di ethyl ene glycol di'methacrylate, triethylene glycol
di mret hacryl ate, polyethylene glycol dinethacrylate, polypropylene glycol
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aluminum “Q" panels (Alodine® 1200S) using a 3 mil (0.076 mm) Bird® Film

. Applicator. The films were allowed to dry for seven days at 25 °C, 50% relative
humidity before Weather-O-meter® exposure. After exposure, a reflectometer was
used to measure the Y reflectance of the paint film. The panels were then “soiled”
using an iron oxide slurry (250 g water, 2 drops of an anionic dispersant, 125 g of
iron oxide, well dispersed), air dried three hours and oven dried at 60 °C for one
hour. After the panels had cooled to room temperature, the paint films were washed
under running water using a cheesecloth pad, and air dried for four hours. The

- reflectometer was used to remeasure the Y-reflectance over the soiled area, which
was reported as a percent of the original reading. A higher percent retention
indicates cleaner paint films, which indicates better durability.

The following examples are presented to illustrate further various aspects of
the present invention, but are not intended to limit the scope of the invention in any
respect. The abbreviations listed below are used throughout the examples.



Test Met hods d oss Retention - Filns of each test paint were drawn
down on Leneta SC charts using a 3 ml (0.076 nmm Bird Film Applicator. The
filme were allowed to dry for seven days at 25 [err]C and 50% rel ative

humi dity. Then initial readings were takgn of the 20[err] and 60[err] gl oss
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gl oss readi ngs were repeated after Wather-O neter exposure-and reported as
a percent retenti oapk ABgicdd)i nal val ue. MMr¥ss MéthylIMetimaciydates neasur e of

poor durability; t RN MaPEr Cent et endy ansrBgll cat es better
durability. rt dlgi'lgiwat %

-up Resi stance -, Fil f h test paint were
drawn -down on al uft ﬁ]m@%gy % Al odin %6%‘]}{'@"}&5@%‘3? % (0.076 mMM
Bird Fil m Appl i cat d&A =TEthylfActviate wer e al | olNENA 5 TdNgphthyletiyd Methagryipte ot 25
[err]C, 50%rel at MuaA buviettadvliceidor e Weat her - O-net er exposure. After
exposure, a reflectonmeter was used to neasure the Y refl ectance of the
paint film The panels were then "soiled" using an iron oxide slurry (250 g
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Acryl ate 118 g of trityl acrflate, 436 g of methyl mddivieryldietand MBighef@-ghedirgl  AnMA =
1. Napht y! SRRYRCRYRL dpyg prpgmulsioR 1255 Hes el € s fask folighiby 075 ¢
Exanpl e 1: dfrppacniumpepsultate (APS) diasadxedvin b gofamatier.y Fifteenmibwutesilager, a 2.5
hour, linear feed of the remaining pre-emulsion and 0.4 g of APS dissolved in 75 g of
deionized water was begun. Heating and cooling were applied as necessary to
maintain the reaction temperature at 85 °C. When the additions were complete, 30 g
of deionized water were used to rinse the pre-emulsion container into the flask.
After 30 minutes, the flask was cooled to 60 °C, and 0.003 g of FeSO4 x 7 H20, 1.5 g
of 70% aqueous f-butyl hydroperoxide, and 0.9 g of sodium formaldehyde
sulfoxylate in a total of 33.5 g of deionized water were added to the flask mixture.
The reaction mixture was cooled to room temperature and filtered. A polymer latex
with a solids content of 41.0 % by weight (wt%), a particle size of 83 nm, and a pH of
2.5 was obtained. The polymer fluoresced at 413 nm (ex 364 nm).

Example 2: Preparation of acrylic latex with 1-naphthylethyl methacrylate
Composition: 47 BA/52.1 MMA /0.9 NEMA

The procedure of Example 1 was followed, except that the monomer pre-
emulsion was prepared from 90 g of deionized water, 0.5 g of sodium
dodecylbenzene sulfonate, 118 g of butyl acrylate, 130 g of methyl methacrylate, and
2.3 g of naphthylethyl methacrylate. A polymer latex with a solids content of 41.4
wt%, a particle size of 103 nm, and a pH of 2.3 was obtained. The polymer
fluoresced at 340 nm (ex 280 nm).



Conmposition: 47 BA/52 MWW 1 AnMA - The polynerization is carried out
inalliter, four-neck, round bottom glass flask equipped with a

mechani cal bl ade stirrer, a thernocouple to nonitor tenperature, a reflux
condenser, neans to heat and cool, and a-®wi.trogen atnosphere. The flask was
charged with 200 g of “dei oni zed water and 0.5 g of sodi um dodecyl benzene
sul fonate, and then heated to 85 [err]C. A nononer pre-enulsion was

repared from Q0 f.dsi oni z : . Of 2
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‘Example 5: Preparation of acrylic latex with 9-anthryl methacrylate
Composition: 99 EA/1 AnMA '

The procedure of Example 1 was followed, except that the monomer pre-
emulsion was prepared from 90 g of deionized water, 0.5 g of sodium
dodecylbenzene sulfonate, 247.5 g of ethyl acrylate, and 2.5 g of 9-anthryl
methacrylate. A polymer latex with a solids content of 40.0 wt%, a pﬁrticle size of
87 nm, and a pH of 2.7 was obtained. The polvmer fluoresced at 413 nm (ex 364
nm).

Example 6: Preparation of acrylic latex with anthracene
Composition: 100 BMA//1.0 anthracene

The procedure of Example 1 was followed, except that the monomer pre-
emulsion was prepared from 250 g of butyl methacrylate and 2.5 g of anthracene
(which were stirred together until the anthracene was nearly dissolved), 90 g of
deionized water and 0.5 g of sodium dodecylbenzene sulfonate. A polymer latex
with a solids content of 40.6 wt%, a particle size of 112 nm, and a pH of 1.9 was
obtained. The polymer fluoresced at 426 nm (ex 364 nm).



The procedure of Exanple 1 was foll owed, except that the nononer pre-

enmul si on .was prepared from 90 g of deionized water, 0.5 g of sodium
dodecyl benzene sul fonate, 125 g of butyl acrylate, 122.5 g of styrene and
2.3 g of 2.5 g of 9-anthryl nethacrylate, and at the end of the reaction
0.003 g of FeSO4 x 7 Herr]O 2.5 g of typutyl hydroperoxide, and.1.5 g of
sodi um f or mal dehyde sul foxylate in a total of 54.5 g of deionized water
wer e added. A polyner |atex vvith a solids content of 34 8 % a particle.

size of 91 nm and a pH of 2.2 was obtained. The po fI uoresced at 413
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ol ymer fluoresced at. nm 364
Plo}/ was used to rmse e pre- mulsmn co@tamer into the flask. After 30 minutes, the

flask was cooled to 65 °C and 0.012 g of FeSO4 x 7 H20, 0.012 g of tetrasodium
ethylenediaminetetraacetic acid, 4.0 g of 70% aqueous t-butyvl hydroperoxide, and
2.0 g of isoascorbic acid in a total of 132 g of deionized water were added. The pH
was raised with 6.7 g of 28% ammonium hydroxide. The reaction mixture was then

.

cooled to room temperature and filtered. A polymer latex with a solids content of
46.7 wt%, a particle size of 130 nm., and a pH of 6.6 was obtained. The polymer
fluoresced at 422 nm (ex 364 nm). Gel permeation chromatography (GPC) using a
UV detector and a refractive index detector in tandem was used to determine that
the fluorescent moieties were covalently attached to the polymer chains.

Example 8: Preparation of acrylic latex with anthracene
Composition: 55 BA/43.5 MMA/ 1.5 MAA/ /0.5 anthracene

The procedure of Example 7 was followed except that 5 g of anthracene were
used in the pre-emulsion and 2.0 g of t-butyl hydroperoxide and 1.0 g.of isoascorbic
acid in a total of 68 g of deionized water were used at the end of the polymerization.
A polymer latex with a solids content of 48.9 wt%, a particle size of 126 nm, and a
pH of 8.7 was obtained. The polymer fluoresced at 422 nm (ex 364 nm).



Exanple 7: Preparation of acrylic latex with anthracene '
Conposition: 55 BA/43.5 MVA/ 1.5 MAA//1.0 ant hracene The

pol ynmeri zation is carried out in a 3 liter, four-neck, round bottom gl ass
f1ask equi pped with a nechanical blade sf#lrrer, a thernocouple to nonitor
tenpérature, a reflux-condenser, neans to ‘heat and cool, and.a -nitrogen
at nosphere. The flask was charged with 580 g of deionized water, 5.3 g of

an anmoni um al ky|ghgagle e(é@ﬁphﬁtﬁaubiiﬁgﬁuﬁf&%a%nﬁm&yﬁ fatek, and
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acid, 4.0 goo?mfg% u%& ‘%ut \ﬁ)ldeﬁlt'%’roperogelezltcg and 2.0 g of isoascorbic

acid in a total of 132 g of deionized water were added. The pH was rai sed
with 6.7 g of 28vExampi¢ 10n Prepacatior of Tistyreneaucridic latex with apthraeane cool ed

to room tenperature agthrhpbiitibfd 508006/58 Y 4l0a0AA N 0.5 antia@kesls cont ent of
46.7 W\t % a particle size of 130 nm and a pH of 6.6 was obtained. The

pol yner fl uor escEae polyhétizationeis cafrdedhont inGeB liper; freartnemk, ndmtdt’aothgmagibgs
(GPC) usi “%@s&%ﬂﬁ@?&ﬁﬂé é‘?ﬁ@ecﬁaﬁﬁfaf E\éﬁnltegdféle‘ilﬁ{o%ﬁﬁ gtk Fﬁ{wf—‘m vas

used to de oresce I'es were co attached to
t he pol ynertegiparagire, a reflux condenserzmpséo beatpndheealt angh aéntrasﬁly pfraospherg.

Wi t E ant hr aPl‘i?é‘ﬁask was char edQQi’tH &rdel&ﬁzM]gﬁaM/ﬂéatkdioWC /95% of

S, O Ll i e ]

and 1.0 g of 603nnseed Litex mttd 4115 @démh&ledojraﬁB wrrefaddedoA nmimmezqueﬁer e

Cootont LTI 0y, SO B g i

bt & ned. TRAFAIGAErnthissres Gebichwer BATed OgeUE U the anthracene was
dissolved), and 295 g deionized water, 8.5 g of AAESS 35% ai, and 3.2 g of sodium
lauryl sulfate. The monomer pre-emulsion and 1.2 g of ammonium persulfate in 90
g of deionized water were added to the flask over a three hour period. Heating and
cooling were applied as necessary to maintain the reaction temperature at 83 °C.
When the additions were complete, 25 g of deionized water was used to rinse the
pre-emulsion container into the reaction flask. After 30 minutes, the flask was
cooled to 65 °C and 0.01 g of FeSO4 x 7 H30, 2.0 g of 70% aqueous t-butyl
hydroperoxide, and 1.0 g of isoascorbic acid in a total of 46 g of deionized water
were added. The reaction mixture was cooled to room temperature and filtered. A
polymer latex with a solids content of 52.7 wt%, a particle size of 216 nm, and a pH
of 2.5 was obtained. The polymer fluoresced at 418 nm (ex 364 nm).

Example 11: Preparation and Evaluation of Semigloss Paints

The latex polymers from Examples 7, 8, and 9 were formulated into semigloss
paints which were evaluated before and after accelerated weathering. The recipes



Exampl e 9 (Conparative): Preparation of conventional acrylic |atex
Conposition: 55 BA/43.5 MVW 1.5 MAA The procedure of Exanple 7 was
foll owed except that the pre-enul sion was prepared from 175 g dei oni zed
water, 17 g of AAESS 60% ai, 550 g butyH2acrylate, 435 g nethyl

nmet hacryl ate, and 15 g of nethacrylic acid, and at the end of t.he

pol yneri zation 0.006 g of FeSO4 x 7 H20, 0.006 g of tetrasodi um.

et hyl enedi am net et. [1C,: QEd . 0 ﬁﬁ:?, i

hydr oper ox?ﬁ%&‘eﬁ%ﬁg&%ﬁ{gﬂlg‘?@s%gss (i:\ gergP%mogaClli-ig%i %{wa t e;%l f g%'ﬁ%génas (a)l%e shown
dei oni zed \inflableldr e added. A polyner latex with solids content of 52.2
w% a particle size, of 124 and.a pH of 9 6 was qbtai ned. o pol yner
di d not exhibit fldaRiElshdey RAHORS @ GUATRIIES AR B0 o
styrene-acrylic | at enﬂg}édmeﬁm hracene  Paint A Pafztr®osi t i Baint30* BA/ 46

Sty/4.0-NAA/ﬁ-9ﬁ;ﬁﬁt-hmeﬁ?———¥he—pm-yyzmtiuu TS (,dnieaﬁm T a 3
liter, four-ne¥ktFound bottom gl ass fl ask‘equi pped a;th a nechani cal bl ade
stirrer, a thepreni¢plispdrsantoni tor tenpera.dre, a re3.Fux condend8dr, means
to heat and co .and itr at nospher The fl was char wi th 400
g of dei oni zed%@?’ca"gﬁt%ﬂgaa%ggpto 83 [err 9: 3.5 ga%' anmmoni umggceir sul fate
di ssol ved in 13Iygrokyetbybealdased2i5%) and 180g (sol i d8%basis) of 28 60 nm
seed | atex W t fefdamed dei oni zed water werggadded. A gonomer prg0 emul sion
was prepared from 500 butyl acrylate, 4 styre 40 g me rylic
acid, and 5 g kt\’ﬂlﬁg@%e (which were sti r?%dﬂt oget h‘g 4‘thil thgggzt hracene
was di ssol ved) Lagidr 295 g dei oni zed water51845 g of AAESS 35% aks- and 3.2 ¢
of sodiumlauryl syl fate. The nonomer pre-enulsion 1.2 g of ammoni um
persul fate in gﬁte(j‘ of dei oni zed water were added to the flask over a three
hour period. Heatex®y and cool i ng were applted as necessary to ABPAtain the

reaction tenpepRksfet 83 [err]C. VWen thgpadditi ongpwere conphjgte, 25 g
of deionized water was used to rinse the p g-enul Si o:gecont ai ner,into the

reaction flaskNOMQRE WHREAGERE, the fl ask®was cool3® to 65 [erf] C and
0.01 g of FeSONwmidnix tHickkbrerr®0% a3) 0 g of 13@% aqueods.0t - butyl 15.0
hydr oper oxi de, ,and 1. 0h1.h SO bic ackgl in a tofal of 46 g,ef
dei oni zed wat e}'ﬁ(}ﬁ?é"%ﬂ%&ﬁ“‘#‘ﬁ%&a@%’fi on n?gture vvasizlool ed to rZZom
tenperature anWdtettered. A polyner |atexl@&8h a sol37& contentl®* 52.7
W% a particl @ Sideréfiallddnim and a pH 0§g2.5 was pptai ned. The pol ymer
fluoresced at—448 3364 . S Al ams —Prepaf-attoef—e
Eval uati on of SERYBPBAYePai nt s The | atex polyners from Exanples 7, 8,
and 9 were fornulated into sem gl oss paints which were eval uated before and
after accel er at &valusatareof thg pafitte films ifpeexterior durability was done using an Atlas -
Weather-O-meter® for accelerated aging of the films. Gloss retention was S
determined after 840 hours exposure in the Weather-O-meter®, and dirt pick-up - -

resistance was determined after 408 hours exposure in the Weather-O-meter®. The

results are summarized in the table below.

Table II: Paint Properties

Property Paint A Paint B Paint C*
Initial Gloss _
20° Gloss 31 16 16
60° Gloss | 67 59 56
% Gloss Retention
20° Gloss 110 98 60
60° Gloss 116 101 89
Dirt Pick-up Resistance 89% 74% 71%

* Comparative



-12- for the paint fornulations are shown in Table I, and the paint

properties are shown in Table I1I. Table |: 24 PVC Paint

Formul ations (all quantities are in grans) I ngredi ents

Pai nt A Pai nt B Pai nt C* Wat er : _ _ 72
72 - 72 Ani oni ¢ di spersant - 3.7 . < . 3.7

3.7 Noni oni ¢ vvetti ng agent 2.0 2.0 . 2.0
g? Lg)ﬁ%ret hyl cel l U| ata agove s/?\ow thathQj\ntsAandB eJ_acB dofitaining attaf?\sd anth%tl | e
Tigerr] moieties, exlublt impfisediexterior du2ibility over Paint Q,&Ontauung hansthryl

518. 4 Latex 8
494. 9 moiefies. Latex 9 |
463. 6 Def oaner 1.0 1. 1.0

Noni oni ¢ wetting e 12: Evaluahon of Ghromophore Mt&etles Bound to:}’q;ymer

Noni oni ¢ t hi ckener (20% al% %h dded d 0
Hvdr oxyet hyl celSampiggof polymyers pr@ared with anthragene adde urmg27 Wt er

102.8 polj&%@nﬁauon, and sanlﬁl%s of polymhersiwith landiraegmndded post

3.0
3.0 :
for exteri (HOIEHFH‘E???Q Vil %gﬂg@ﬁg}i&ﬁ{ nthif& ‘%ﬁaég ~ICﬁ#’ret er ﬂts THe M
accel er at edaagpalymoér hmatomsxtmmmwedﬁvmya&wned after 840

hours exposure in the Weather-O-neter, and dirt pick-up resistance was
determ ned afterrQ@ H§ §veRX BABIEL 110 Wi temMieirt an@ shaken ey two htss. The

r es U:Dtals n? ' eﬁ:@‘g%ga #zlgifes were t?lentcgrqflzr g§| gﬁz?,ooo rpm for 15 piinufes, and the Pai -rl;?b :3e
Pal nt C* superr{amanﬂ aalalyiteds §Further dﬂunon of theaGiple may be required ifthe level in

ég o tlaf samiple is outside the calﬁﬂ-LﬁBﬁ]rax%éjﬁ'?lg analysis w4s done using aterkin-
98 , Elmer@@enes 1 HPLC with agaipelgo® @O&DB columnl(gg cm x 4 mm) Uping a
89 DifiébiRti phaseéofReetoni@ile twater 89945) at a flow raté4¥6l mL/min. Detettion was *

Compar ati Veby fluorescence with an excitation wavelength of 250 nm and a fluorescence
detection wavelength of 398 nm.

Added Anthracene (ppm)1
Sample During Polymerization Post Polymerization Free Anthracene (ppm)
1 254 .- 12 '
2 — - 264 262
3 510 . - 16
4 - 503 502

1ppm based on total emulsion weight



- 13- The data above show that Paints A and B, each containing
attached anthryl noieties, exhibit inproved exterior durability over Paint
C,. containing no anthryl noieties. Exanpl e 12: Eval uati on of

Chr onophore Mi eties Bound to Pol yner 4. Sanpl es of polyners prepared
wi th ant hracene added during polynerization, and sanples of polynmers with
ant hracene added post pol ynerization were anal yzed for free anthracene

usi ng reverse phase HPLC. The base polymer had a conposition-of 41.2
BA/57.5 MW 1.3 The sanples were diluted 1:10 with nethanol and
shaken for tQ!e‘—Méurs The di | uted sanpl es were then centrifuged at 45, 000
rpmfor 15 mnutes rf]e super natant an ed. (Further dllulé{n?n of th
sanpl e may be req‘ﬁlm%t °$if° {PREPATIRES ﬂrﬁsﬁ%“ T QIMRIEENg SOPRmeEnzing
cal i brati on gren@emprd bhyienidallyi insangratbohmonenegs wither HnoresEntmongaourels 4

L R LI oo ooty i
&

f | uor escencesulistift aé@@@?ﬁ‘éﬂ?@ﬁa%e%’éﬁ{ﬁlh the resyfanhpelymnes contAiR®dcence

det ecti on mefy@,@gﬁhlgg% 398 nm _ _ Added Ant hracene
(ppm[err] Sanpl € . During Polynerization Post Polynerization Free
’i‘gt hracene ( pB”’ The method of claim 1, wherefiPthe ﬂ%ﬁscent compound is selectec} éxé)m
3 the group consisting of: naphthalene, anthracene, phenanthrengg fluoranthene,
ol acridine, cmzole, pvrene, chrysene, tripifehylene, and [Rvienopmddead on

enul si o
%sututgél aromatic derivatives.

3. A coating composition having enhanced UV durability, comprising a
fluorescent polymer prepared by copolymerizing an ethylenically unsaturated
monomer with a fluorescent compound selected from the group consiéting of:
polvnuclear aromatic hydrocarbons and their substituted aromatic derivatives; and
ethylenically unsaturated monomers having pendant fluorescent functionality.

4. The coating composition of claim 3, wherein the amount of fluorescent
compound is between 0.001 and 3.0 wt% based on the total weight of the monomers.

5. The coating composition of claim 3, wherein the fluorescent compound is
selected from the group consisting of: naphthalene, anthracene, phenanthrene,
fluoranthene, acridine, carbazole, pyrene, chrysene, triphenylen., perylene, and their
substituted aromatic derivatives; and naphthylmethyl methacrylate, naphthylethyl
methacrylate, 9-anthryl methacrylate, 9-anthrylmethyl methacrylate, 2-(9-
anthryl)ethyl methacrylate, 1’-(9-anthryl)ethyl methacrylate, 3-hydroxy-2-
methylene-3-(1-naphthyl)propionic acid, N-dibenzosuberenyl acrylamide, (9-
phenanthryl)methyl methacrylate, and 9-vinyl phenanthrene.

6. The coating composition of claim 5, wherein the fluorescent compound is
selected from the group consisting of: naphthalene, anthracene, phenanthrene,
fluoranthene, and their substituted aromatic derivatives; and naphthylethyl
methacrylate, 9-anthryl methacrylate, 3-hydroxy-2-methylene-3-(1-
naphthyl)propionic acid, (9-phenanthryl)methyl methacrylate, 9-vmyl
phenanthrene, and combinations thereof.

7. A method for identifying and quantifying the amount, if any, of fluorescent
polymer contained in a coating composition, such method comprising the steps of:

* [ L [ ] S *




CLAI M5 1. A nethod of preparing a fluorescent polyner, conprising
copol yneri zi ng one or nore ethylenically unsaturated nononers with a
fl.uorescent conpound sel ected fromthe group consisting of polynucl ear
aromatic hydrocarbons, and their subgiituted aromatic derivatives;
wherein the resultant polyner contains a - fluorescent group. . 2. The
nmet hod of claim 1, wherein the fluorescent conpound is selected from t he
group consisting of: naphthal ene, anthracene, phenanthrene, fluoranthene,
acri di ne, car bagobbtaipingensample ofstesoatingpeanpositioh arrespibing eoadingocbe
their substi tbgfesg%qqr omatic derivatives. 3. A coating conposition
havi ng enhanced ‘ability, conprising a fl uorescent pol yner prepared
by copol yneri zitngdetecingythe fluozescegnge; rat ed nonormer with a fluorescent

conpound sel ect g pld.QfnBtngiieRsiy B waldlendhy of thaFludtGdeRe o tREl i C
hydr ocar bons and therr sbbstjituted aromatic erlv?tlves; and

et hyl eni cal | y uns8ugrescent pelysasrconiaipeddniba dample vor escent
functionality. 4. The coating conposition of claim3, wherein the anount

of fluorescgnt TMEREWKH bfclafth7e Whdte?Otheandthbdfurtiieraarprioes theastép il
wei ght of the nononers.

} 5.. The coating conpositign of claim3,
wher el n t FETRCUBE SF SEREratiog b8 ftuarescent gobaner R s Aty omPRies of e,
of : napht Batple, anthracene, phenanthrene, fl uorant hene, acri di ne, '
carbazol e, pyrene, chrysene, triphenylene, perylene, and their

oapnt hyl ot nor TIRPRURE bl ABIKE? wifthe VR Hubte SRl Holyiglel A badricéd by,

met hacr yl aopplvinénzing amethyldnieallyunsesurated yhonemer witlva dhiaresdendt hy |

met hacryl 0’:},—,{??/ = s defids AR AGiaci d,
N-di ben)z/ogéﬁgjr en %@éﬁ?éﬁrﬁéﬂg ﬁﬁegﬂ%ﬁgﬁ% %?5??%%%519%??&%?5 Iat e, and
9-vi nyl ph¥dEpcasPeReand t elreubsrqa@t%afq’rnanesl@wgmfﬁﬁmg;gwéﬁw@,.v wher ei n

the fl uor epegfiiratdpoOnoehdrs havﬁfghp@xﬁMtfﬂLwBeE&@xtg{lﬁb@om&_S'i sting of:
napht hal ene, ant hracene, phenanthrene, fluorant hene, and their

o ant hryl A3t nadbyared o ol 85y SRR it Qbuore R RN S iy
acid, (9- pabmeert 6.001 pndi3Y wtfebaredron thestotdl-weight of thvarenwrhersne, and
conbi nati ons thereof. 7. A method for identifying and quantifying the

anount, ifllany Thefsfidpsoseseetires BPdANOBEd MRk P4 RRdah P cAMBNRHLiBE thereof.
conposition, such nethod conprising the steps of:

QLRI



a) =obtai ning a sanple of the coating conposition or resulting coating to be
t est ed; b) detecting the fluorescence;: and c) neasuring the
intensity or wavel ength of the fluorescence of 't he fl uorescent

pol ymer contained in the sanple. 8. The nethod of claim?7, wherein the
met hod further conprises the step of exf}acting or separating the
fluorescent polymer fromthe other conponents of the sanple. 9. The

met hod of claim 7, wherein the fluores pl ymer is prepared by
copol ynmeri zing an ethyl enically unsat MDHOWEF with a fluorescent

conmpound sel ected from the giRRBSCERRSPG MRS g@ @W%ﬁgé@tl c

hydr ocar bons and their substi L : | enically
unsat ur at ed NDONEEESsELRII Meﬂeﬁwaﬂpréﬁamfgfes fledrescentpolynadr, WwhereBPanThe
met hod of chg} m.9,,wherein the a of 1l

nmount . uor escent . conpound i s between

0,001 and SUBGRIAHK UBSARatEd anPHDHIer IR FRRIYBIeTHARS Wi sk nuclepr aFqmate
steps or f hgdrocsbon oclacubdtihaed anomatiaderivativetheieof, suichrthat the resultant
polymer is fluorescent. Also disclosed are coating compositions containing such

fluorescent polymers.



