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photoluminescent fluorescent formulations may further comprise photostabilizers to retard
the photolytic degradation of said photoluminescent materials.

20 The present invention is also directed to photoluminescent objects comprising at least
one photoluminescent formulation and a preformed article. Further disclosed are methods for
creating photoluminescent objects comprising applying at least one photoluminescent
formulation onto a preformed article.

2, Description of Related Art

25 Consumers have a continuing desire to receive added informational features and
benefits from the products that they purchase. Such information and features can comprise
safety information indicators, environmental information ihdicators, shelf-life information
indicators, authentication and tamper indicators, fashion accessory benefits and/or fun and
entertainment benefits. Color-change technology triggered by specific environmental events

30 can form the foundation for creating these informational indicators or benefits. It is
important to note that for the utilization of color-change as informational indicators or
providing additional benefits to be effective, such color change needs to be visually striking

and for outdoor usage environmentally robust.



provi di ng additi onal benefits to be effective, such color change needs to
be visually striking and for outdoor usage environnentally

robust . " BuNoi2o@olspasi ¢ Mat eri al s* and "Envirochrom ¢ Layecs’usass/otdeese, when
triggered by a.specific enviraonment. change. surrence, .t hat ange
thel r vi si bl o EOTGENAHTE NAGHT catl £y FORr e hnalt A3 il Bleefi 6

el ectr Om@ﬁ&ﬁﬂi@er{v@dhﬂkht@nclﬁﬂgé 61 Gdturrand, that €dnaohgagd their R&ilElD solop vhivh can
reflection, and/or scattering of electromagnetic radiation. These

envi r onmigstliifrom eithgy enset of ehangrin depiromagnelic ifiglpa eissiong Hkigyeehppge in the
el ectro ' At Qny [ ' : B : j ca
ot ml s aTRIoha ALY, lliorspAGRy of R AR s SR ShAEhE
tri gger si‘trighersiorcthde chamge in témpesatusee dhange @i electsingapntiiemdaatioo] dranghmnge
occurrin cha ' | ecti gn, absorption, or scattering of

fro nge in ref
el ectro BW@F%E“VH@%B?Fdﬂ?ﬁe@ﬂFﬁﬁP@Ph“d§°used herein, does not signify a

col or change @gfelichlioR ShdnpBhE BaNg Erotia AMItHHCRY of thpgsrs, e fwdd adibic,” as
phot ochrom sm si gni fies col or change triggered by el ectromagnetic

radi at i on$edth¢ee|rim¢gniﬁ¢si senlel dangd ecsugbigdromn khange ir raflegbem @beRIPEMEe i n
tenperature; .el ectirochrom sm signif i han ' |. .ng d
gai hor ey SEEARAMREAdR BB Chole 8P i RS R Al P ng

f r om@hagemge Beaating Fomdelaagd inyemibabchinanios ekahplei phewclrolnism sigaifge caused
by a change in pH, 1onochrom smsignifies color change caused by ions;

t ri bochr 69405 phagee Higgered byrdergomagnetin r@ﬂlaﬂ%ﬂwh@ﬁaﬁﬁélg“ﬁ‘ﬁé@%&ﬁhwe
frictiong. ' ) L ani fd | I n
rechant o 51 dy AR, BTLARALAT ol BB DATAP R IEO g THEA: QuRINEE, |

f rom | umngsin entoseof dsitrms; soRatochumhism sigsfes cvhut chengegendisg SFommhangetin t he
definition above, "lum pescent’” or "lum pous," as.used herei signifies
col or ché‘ﬂﬁ%ﬁtrpé?gﬁﬁlltﬁihﬁggcgrr%‘ﬁ?‘@ﬂ . '1%§ﬁ§P9TfH§1&e§PPﬁea|bﬁrﬁ ﬁ’@g%ee‘r?&g{; i s defined
as the emRshRmhidh sehifes CORRIRGE Catidd b oM riboeRFofidm SighficdRAshge in color
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states. As used herein, "singlet state"” refers tg when al| e]ectrong in the
nol ecul e seghed eise.And jbeing consistent with the definition above, “luminescent” or “luminous,” as
20  used herein, signifies color change resulting from emissions.
The term “luminescence” is defined as the emission of electromagnetic radiation from
any substance. Luminescence occurs from electronically-excited states. As seen in Figure 1,
absorption of ultraviolet radiation by a molecule excites it from a vibrational level in the
electronic ground state to one of the many vibrational levels in the electronic excited states.
25  The electronic states of most organic molecules can be divided into singlet states and triplet
states.
As used herein, “singlet state” refers to when all electrons in the molecule are spin-
paired. As used herein, “triplet state” refers to when one set of electron spins is unpaired.
The excited state is usually the first excited state. A molecule in a high vibrational level of
30 the excited state will quickly fall to the lowest vibrational level of this state by losing energy
to other molecules through collision. The molecule will also partition the excess energy to
other possible modes of vibration and rotation.

“Luminescent materials” are those which emit electromagnetic radiation.

Characterizing luminescent materials requires consideration of: (1) the excitation source,
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“Fluorescence” occurs when a molecule returns, by emission of a photon, from the
20  excited singlet state to the electronic ground state. If the photon emission occurs from S to
So,1t is characterized as fluorescence.
“Phosphorescence” occurs when a molecule goes from the ground state to a
metastable state such as T}, a triplet state, and then the metastable state slowly decays back to
the ground state Sy, via photon emission. Hence, if the emission occurs between T; to S, it is
25  characterized as phosphorescence.
With regard to whether or not additional stimulation is required to cause emission, as
used herein, the need for “additional stimulation” is based upon the predominant behavior of
the material at about room temperature, i.e., at about 10°C to about 35°C. Thus, in cases
where electromagnetic radiation is used to stimulate emission at room temperature, such
30  materials are referred to as “photoluminescent photo-stimulable.” In cases where electrical
energy is used to stimulate emission at room temperature, such materials are referred to as
“photoluminescent electrically-stimulable.” In cases where thermal energy is used to

stimulate emission at room temperature, such materials are referred to as “photoluminescent

thermally-stimulable.”
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e.g., U.S. Patent No. 3,595,804 to Martin. However, zinc sulfide decomposes due to

20 irradiation by ultraviolet radiation in the presence of moisture. This decomposition reduces
and/or blackens the luminance, making the use of zinc sulfide difficult in environments
containing ultraviolet radiation and/or moisture. As a result, zinc sulfide is used most-
commonly in controlled environments, such as for clock, watch, and instrument dials, and for
indoor uses.

25 Relatively recently, see, e.g., U.S. Patent No. 5,424,006 to Murayama, metal
aluminate photoluminescent pigments, particularly alkaline earth aluminate oxides having the
formula MA1,O4, where M is a metal or mixture of metals, have been developed. Examples
of such alkaline aluminate oxides include strontium aluminum oxide, SrAl;Og, calcium
aluminum oxide, CaAl,04, barium aluminum oxide, BaAl;O4, and mixtures thereof. These

30  aluminate phosphors, with or without added magnesium, may be further activated with other
metals and rare-earth elements.

These aluminate photoluminescent pigments exhibit afterglow characteristics that last

much longer in duration than do those of metal sulfide pigments. These aluminate

photoluminescent pigments also exhibit strong photolytic stability and are chemically more
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photoluminescent phosphorescent materlals and/or any additional photoluminescent

20 fluorescent materials used to enhance their performance, it should be noted that the luminous
intensity and/or persistence from a photoluminescent formulation is greatly affected by both
the way in which the photoluminescent phosphorescent material is distributed and the
additives used, as well as the manner in which that formulation is applied. As noted above,
for these materials to serve as color-change indicators or to provide added information and/or

25  benefits to consumers, the color change needs to be visually striking to be effective.

The improper selection and use of formulation materials, such as resins, dispersants,
wetting agents, thickeners, and the like can diminish the luminous intensity emanating from
the formulation. This can occur, for example, due to agglomeration or settling of
photoluminescent phosphorescent particles, either during handling of the formulated

30  materials or after application of the formulated materials. The reduction in luminous
intensity and/or persistence can result from both incomplete excitations and/or due to
scattering of emitted radiation. The scattering of photoluminescent emissions can be either
due to agglomeration of photoluminescent phosphorescent material or as a consequence of

electromagnetic radiation scattering by of one or more of the additives selected to stabilize
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The use of colorants in the form of pigments that are absorptive of visible
electromagnetic radiation to impart daylight color to photoluminescent formulations even
when they are not absorptive of phosphorescent emissions can result in degradation of

25  photoluminescent intensity and persistence by virtue of either scattering of photoluminescent
phosphorescent emissions or by inadequate charging of photoluminescent phosphorescent
materials. The latter phenomenon can result if the particle size of the absorptive colorants is
small enough. Hence, while absorptive colorants can be used to alter the daytime appearance
of photoluminescent objects, such usage will result in a lowering of luminous intensity and

30 persistence. This is why a majority of daylight-colored formulations are rated for low
intensity and persistence. Further, such usage also precludes the achievement of daytime
colors and nighttime emissions being in the same family of colors.

U.S. Patent No. 6,359,048 to Duynhoven discloses formulations of photoluminescent

phosphorescent materials utilizing alkyd resins and modified castor oil rheology modifiers.
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pigments is a hot-melt adhesive, it requires heating coating fluid to temperatures in vicinity of
2950°F or higher. The resulting application methodology is too restrictive for many
applications.
U.S. Patent No. 4,208,300 to Gravisse discloses single-layer phosphorescent coatings
25  which comprise “Crystalline charges” in amounts of 50% to 65% by weight of the
phosphorescent layer. Use of such high amounts of crystalline fillers is indicative of a basic
composition that has low transmissivity to phosphor emissions without the crystalline fillers.
Uses of such high amounts of filler material will not only result in significantly lower
concentrations of phosphorescent pigments, but also, since these fillers are silica-based, they
30  will also result in a lowering of luminous efficiency.
U.S. Patent No. 4,211,813 to Gravisse discloses the making of flexible
photoluminescent articles comprising a single-layer phosphorescent coating for applications

requiring high water vapor transmissivity. This requirement does not result in a degradation

of the phosphor materials, since they are ZnS-based. It is now well-appreciated that the
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20 U.S. Patent No. 5,395,673 to Hunt discloses the construction of a non-slip
phosphorescent surface by applying to a ground surface epoxy resin containing compositions
impregnated with phosphor pigment of the zinc sulfide type. The focus of this invention is
on the creation of a hard surface with photoluminescent phosphorescent materials
incorporated therein, and not on methodologies to maximize intensity and persistence of

25  nighttime emissions.

U.S. Patent No. 5,692,895 to Franzin Nia discloses the rudimentary concept of a
photoluminescent phosphorescent orthodontic appliance utilizing the older, zinc sulfide-type
phosphors. The phosphorescent pigment can be deposited onto the exposed bracket surfaces
utilizing methods such as glazing, ion beam implantation, plasma coating, and the like.

30 However, since the appliances are based on the older sulfide-type photoluminescent
phosphorescent materials, the resulting intensity and persistence of the emissions will be
significantly lower and, further, the materials will be subject to rapid photolytic degradation.

U.S. Patent No. 6,207,077 to Burnell-Jones discloses the application of

photoluminescent phosphorescent coatings to fiber optic articles using a curable layer



U S. Patent No. 4,21 1,813 to G avisse discloses the nmaking of flexible
phot ol um nescent articles conprising a single-Ilayer phosphorescent coating
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BRIEF SUMMARY OF THE INVENTION
It has now been found that formulations comprising an effective amount of
photoluminescent phosphorescent materials, at least one liquid carrier medium, at least one
polymeric resin, and at least one formulation stabilizing additive, wherein said
25  photoluminescent phosphorescent materials are uniformly distributed within said
formulation, wherein there are no additional materials that are absorptive colorant pigments,
and further wherein said stabilizing additive is not in a solid particulate state in said liquid
carrier medium provide photoluminescent phosphorescent formulations with high intensity
and persistence.
30 Accordingly, in one of its formulation aspects, the present invention is directed to a
photoluminescent formulation comprising an effective amount of photoluminescent
phosphorescent materials, at least one liquid carrier medium, at least one polymeric resin, and

at least one formulation stabilizing additive, wherein said photoluminescent phosphorescent

materials are uniformly distributed within said formulation, wherein there are no additional
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20  object comprising a preformed article and at least one photoluminescent layer that results
from a photoluminescent formulation.

In another one of its object aspects, the present invention is directed to a
photoluminescent object comprising a preformed article, at least one photoluminescent layer,
and at least one reflective layer, wherein said reflective layer results from a reflective

25  formulation, wherein said photoluminescent layer is distal to said preformed article, wherein
said reflective layer is proximal to said preformed article, and wherein said reflective layer is
characterized by a reflectance such that the total emission from said object is greater than
80% relative to that of a white reflectance layer.

In yet another one of its object aspects, the present invention is directed to a

30 photoluminescent object comprising a preformed article, at least one photoluminescent layer,
and at least one protective layer, wherein said protective layer results from a protective
formulation, wherein said protective layer is distal to said preformed article, wherein said
photoluminescent layer is proximal to said preformed article, and wherein said protective

layer has an FT of at least 95%.
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formulation, and applying to said preformed article at least one protective formulation,
wherein the protective layer is distal to said preformed article, wherein the photoluminescent
layer is proximal to said preformed article, and wherein the protective layer has an FT of at
least 95%.

25 In yet another of its method aspects, the present invention is directed to a method for
creating a photoluminescent object, said method comprising the steps of obtaining a
preformed article, applying to said preformed article at least one reflective formulation, at
least photoluminescent formulation, and at least one protective formulation, wherein said
reflective layer is proximal to said preformed article, wherein said protective layer is distal to

30  said preformed article, and wherein said photoluminescent layer is between said reflective

layer and said protective layer, and wherein said protective layer has an FT of at least 95%.
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and at ‘;ﬁablu%ﬁed% i3 nﬁéct W& réaEsin ﬁr%ﬁir&e&%hftlepf %t%cat;?h\é?olhxﬁ}fﬁﬁce'hﬁsm ts

fromapotectlve tion, erein said protective layer is distal to
sai d1pr epbosphdreacent talyet;Za\;bréteénhmr@al d photol um nescent layer is proximal to

said preforne rticle, rel sai r ot ec, an FT of at
oot P08 1 n YA Lih FdEePRoR pEan BnbeRnBbi b e RSB [Vent i on
is di rechBstohhifeRbRtajdensitest@Nisingd feformednftickd N/t PeRéAvaBseaBlahghe, at
| east one reflective |ayer, at |east one photolum nescent |ayer, and at

| east on@h@pb{f@é@ﬁcw Hhﬁ‘}&éwmsw{&l@ﬁh:z§B}P1&drtb¢fle@ct| ve layer is proxinmal to
sai d prefor rre%l 1sczl %ylv\#‘aecfe lcﬂoﬁ ?59“ ﬁrﬁ?&ﬁﬁfeht"& th@ﬁ%?ﬁcﬁm Ihett@l g to said

prefornmed arti c n sa um nescen aver 1 s bet ween said
refl esti ‘pﬁotbmﬁﬁhesﬁaﬂ cﬁyacdlspﬂrmamsnngea prefoemed ancble/m@nmarp}mmlaknpremeact ive
| ayer has an FT of | east 95% .In one, of ]tS net hod aspects, the present
i nvent i oRh9spPharesesat g@le‘t%a HRPOfRSHVE byerd arplied dheieBhot ol uni nescent obj ect,

sai d method ceierl p e;‘&?fﬁikg d%ﬁ)ﬁ:%n of ax‘PPrB%d?}n@Et S¥ thé ﬁiv@ﬁtﬁ@ﬂwﬁér&lbﬂ e and

applying to said prefo ticle at |east one photol um nescent
f or mul at pb@tolunnneawutrvé)yecorse:r@ﬁed usmgweplhfmlmaé petis] withe pflegintayendention is
um nescent ob'.eg% §ai d net hod
4app|he Hereto.

glo:rg(r:;[ gldﬁb tpﬁ;émgcfsgﬁré J&gg%%ge%?%[ﬁt ﬂ%’egg ang a protectlv ayer
20 FIG. 7 is a stylized depiction of an embodiment of the invention whereby transfer
technology is used to obtain the photoluminescent object.

FIG. 8 is a stylized depiction of an embodimgnt of the invention whereby a
photoluminescent object is created using a preformed article 1 with a reflective layer 3, a first
photoluminescent phosphorescent layer 2, a second photoluminescent phosphorescent layer

25 5, afirst protective layer 4, and second protective layer 6 applied thereto.

FIG. 9 is a stylized depiction of an embodiment of the invention whereby a
photoluminescent object is created using a preformed article 1 with a reflective layer 3, a first
photoluminescent phosphorescent layer 2, a second photoluminescent phosphorescent layer
5, and a first protective layer 4 applied thereto.

30 FIG. 10 is a stylized depiction of an embodiment of the invention whereby a
photoluminescent object is created using a preformed article 1 with a reflective layer 3, a first

photoluminescent phosphorescent layer 2, a first protective layer 4, and second protective

layer 6 applied thereto.
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prefornmed article, applying to said prefornmed article at |east one
phot ol um nescent fornul ation, and applying to said prefornmed article at
| east onewoebdsagdiose fornul ati on, wherein sai d phot ol umpgeasess/ oiéssrul ati on

is distal to i.d preformed art.icl e, rei.n said reflective layer is
proxi mal to SE?G ]pf @MMEQF%CPBPQ} Ogﬁg‘i‘?‘ﬂ}‘?%?n\ﬁﬂﬂye‘flﬁasmn} RS ve
llayer is char pgGefd & Skbvidythd ¥missiodfshetiaadTake ﬂ\&&uﬁﬂ@scéﬁ?h&@h&es@m B§éRN
fromsaid object is greater than 80%relative to that of a white

r ef | ect areseltingfom thePFah Sarmattations vath andswithauh 8¢ addjtientaf emissiongolaealiering
inventiog is directed to a nethod for creating a photol um nescent object,
sai d net ﬂB‘&reﬁcd%??ns”i’%uéldf'he steps of obtaining a prefornmed article, applying
to sajd pref oFpEd12B thdsethébmissatspesta ditis sHossumérssednt phesphoidesdendlayerand
applying to said preforned article at | east one Br ot ective formghati on,

1 e t- ein

wher ei n- fasaltig Stoa PF vidormylationssvire phgtolugiiacseent phasbPrRseens mafes

t he phot 1 kaygr., i i antiche, and
wherein p%eglrggpgtﬁ g‘??f‘%ﬁ ?g’yvéfrtﬁﬁlg{s‘gglﬁ@hrh%%dg? rﬂdoef%gr'?gsg%rg?q?ﬁﬁse‘é?kanot her of

i ts net hfidorsqegtempdunds.pr esent invention is directed to a nethod for
creating a ph | um nescent ject, said nethod.cqnprising. the steps of
obtai ning a pﬁ‘fgoi{{r& Wﬁ%ﬁl‘%@cﬂﬁ’bmﬂ’ﬁ@gpw @QF%WSﬁ@f‘ﬁ ﬂ%‘ﬁ’%é?}’f PUPE- at | east
one {@fl ecti ver&oiIBibiwsae eAlssloBapéctRIUN pHBtOIaRGRREent BhdvphalesRAt lageyd at

| east one protective formul ati on, wherein said reflective l[ayer is proxinal
to sai d putbfrefleetiste tayersqifevariowpegoddr sai d protective layer is distal to said
preformed article, and wherein said photolum nescent |ayer is between said
reflective |ayer and said protective |ayer, and wherein said protective

| ayer has an FT of at |east 95% BRI EF DESCRI PTION OF THE DRAWNGS FIG 1
illustrates how absorption of ultraviolet radiation by a nolecule excites
it from REEALED MFSCREVEON OF FHEINKENIION ground state to one of the
manyl¥i brational levels in the electronic excited state, such as singl et
states and tr Asnetedsibaveshe frE@nt ivertion geabialy slateDicapirodwhininesesnt at i ng

processes that. occur. befween the,absorpti.on and. em ssi.on_ of. el.ectr gnetic
radi at i ofPTMEfdons o photoluymipeseent oRIcS SCCPF%)HSW pé%()e %ﬂ#l%ﬁf) nt8qu1%]esaﬁ)&r1€enti on
wher eby Eh&bmhﬂhéwérﬁ%ﬁﬁﬂétidhbjheﬁé bdeh appleel, @ek teSthetiods for efeatin@eshidrticle 1

wi th a phot ol um nescent Phosphor escent layer 2 applied thereto.
photoluminescent objects.
20 However, prior to discussing this invention in detail, the following terms will first be
defined.

As used herein, “excitation” refers to the phenomenon wherein the incident radiation
excites a molecule from a lower energy state to a higher energy state.

As used herein, “luminescence” is defined as emission of electromagnetic radiation.

25 As used herein, “photoluminescence” is luminescence occurring as a consequence of
excitation by electromagnetic radiation.

As used herein, “fluorescence” is emission of electromagnetic radiation from singlet
excited states in which the electron in the excited orbital is paired (of opposite sign) to the
second electron in the ground state orbital, and wherein the return to the ground state is spin

30 allowed and occurs rapidly by emission of a photon and wherein the emission rates are
typically 1085 with a typical lifetime around 10 nanoseconds.

“Phosphorescence” is emission of electromagnetic radiation from triplet excited

states, in which the electron in the excited orbital has the same spin orientation as the ground
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FIG 4 is a stylized depiction of an enbodi mrent of the invention whereby a
phot ol um nescent object is created using a preforned article 1 with a

refl ecti weolayaro@dsand a phot ol um nescent phosphor escentpclragesosdsapp! i ed
thereto. FIG 5 is a stylized depiction of an enbodi nent of the invention
wher ebytate gi¢ntron] Transitienstetthogijound state ace Eubiddenandge gmpssiomg ratesRraslovel e 1
w th agphot ol um Nt pho s r d a protective |layer 4
appl i eEB?Wté]Preetg%?nggfl&%nbesg? tiB {s}?f >1/)( ﬁlg@gécggg%/@tﬁeg%ﬁg‘f an enbodi ment of the

i nventi on wagrngéyhaeiphounlingtdne saeialsthbpetbsd thatexdiietumiiesgenae.pr ef or med

article 1 with a reflective |layer 3, a photol unm nescent phosphorescent

|l ayer 2, andPhotplusripeseensangtenaly” are §19§<? thatiexhplit bymynariee @s a ponsequense Of j zed
depkcti ab ' b r9fiadd}e 1 nvention whereby transfer technology is
use%l tg%(}gt alllgpteﬁ:gpgrﬂg%ol u%gc{r%aesgglént object. FIG 8 is a stylized depiction
of an enbodi‘Pistoluafindshentiflweestinthmateankslaye thoghehich upbmesuation bpj ect i s

created using a .preforned. article 1 with a reflective layer 3, a first
phot ol GWH%@%%TWE&%@W@&&%%OWS&W' 2, a second phot ol uni nescent

phosphor eSC@Btus!:@H&Ein,5‘1‘p}ﬁ>tcflhﬁ1§ksc5éﬁ%lﬂ§s§>hd&_@sdeﬁt‘?’@ﬁaténial@éh@ th@Rantdcpuginect i ve
| ayer 6 applied thereto. FIG 9 is a stylized depiction of an enbodi nent of

t he i nexeitation byklscebpagnadinsadistion exbitiephosplisjressendes created using a
prggor med antl Gl endcitl HleRelifid 2l 1 @hia anfuldd RimRBRLRIUM nescent
ph F , g photo p

phor escér‘?tusfaye Second um nescent osphorescent | ayer 5,

gnd_ a fswﬁdnftianyatrsﬁ%blgan Iaauqratc%c éhnﬁfﬁﬂhécﬁﬁintch&’eﬁtt@ carky Sichifatésals, bait whiched

epi ction of an enhodi nent of the invention whereby a photol um nescent

obj ect ctsbemeehagirally dpsgributed wrths H@Hd&i"irﬁe&l”éd‘im/\ﬁot’ﬁo@%f’é? flerandor) ayer 3, a
first ' D {s layer 2, a first protective |ayer 4,

and seg%ggg%g%qegg?ﬁgeﬁcina%gﬁag%alggfﬁgds't hereto.FIG 11 is a stylized

descri pti on“biquideantiermeburs” isw bagd that agsisua earsint foappéeril udistribi@d in2A shows

the_em ssion s tra of e phot ol um nescent phosphorescent | ayers
rezén_t?ﬁ‘gA ?t?tSﬁB%édﬁﬁoﬁﬁe‘i@FW&'at!ons, with and without the addition of

em ssion cola@nmad h@EinNg “forMAEsR" RG IRRIPGHAESmedihis, aslddinedavsvel he en ssion
spectra of the photol um nescent phosphorescent |ayers resulting from PF-4

f or mul aemprisinghdeast phomotanial eihse dissolperbansturdignbyied i sqlidstatepvithimgad
liquid carrier medium. ' '

As used herein, “dispersion” is a formulation, as defined above, wherein said material

20 s a solid distributed in the liquid carrier medium, also as defined above.

As used herein, a “photoluminescent fluorescent formulation” is a formulation, as
defined above, which additionally comprises materials exhibiting fluorescence that are either
distributed in a solid state in said formulation or are dissolved in said formulation

As used herein, a “photoluminescent phosphorescent formulation” is a formulation ,

25  as defined above, which additionally comprise materials exhibiting phosphorescence that are
distributed in a solid state in said formulation.

As used herein, a “photoluminescent formulation” is a formulation, as defined above,
which additionally comprises either photoluminescent phosphorescent materials as defined
above, or photoluminescent fluorescent materials as defined above, or both.

30 As used herein, a “reflective formulation” is a formulation as defined above, which
comprises at least a polymeric resin in a liquid carrier medium as defined above, and further
comprises at least one colorant (white or non-white).

“Stabilizing additive” is a material added to a formulation comprising solid particles

or a dispersion, as defined above, to uniformly distribute, prevent agglomeration, and/or
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been substituted by H 14, with and wi thout the addition of em ssion
color-altering fluorescing conpounds. FIG 13A shows the reflection spectra
from ref Iwwot2odmeb@ger s of various colors. FIG 13B showpctrhg2@8i0$859n

spectra of the photol um nescent phosphorescent |.ayer with reflective |ayers
of vari obEsvers|seitling pspligd E‘EE?%ESGQF‘Q‘FW@T inrjaad |1ﬂ%7§ﬂ?‘i”6‘\lnﬁ§‘%{°erﬂs"ﬂb‘8ve¥

the pr esﬁénﬂaﬂyﬁﬂédt BPg{éqGﬁi&hL YntérfRhegt SacH é%a‘tﬂhﬂhg wmip@ssge%eﬁau?gf)%h% i ons,

to photolumnescent objects conprising preforned articles on ich said
phot ol uniispssand, ahdonhealogpmodifzere been applied, and to net hods for

creating said, photol umi nescent obj.ects. However Kior.to discussi hi s
invention in éetpgff8@%%8'eP%?ﬁCBﬁ zﬁij&ﬁ{v& ig? %aﬁepalqudgg %Qo%foéglf‘l?aﬁlga 'cﬁrigﬂgig d
hereiq), sAKCHARAEOR a diffc@disn, a9 defRedribOnE 18 BRuNORE epplichbiityl RGIrEEe to

radi ation excites a nolecule froma |ower energy state to a higher energy
state. Asrcatseotpdyrainascent ehi¢atewith gearoothssugiase T8 THRMRIZE BGRLIGHNG OF

el ectromagpeti c radi.ati S herei n, "photol um nescence" is
I umi ne_sc%‘%gaeceé%u hgggls%leggergéz%e#sazrguence of excitation by el ectromagnetic
radi ation. AsAgseel heeia) 05 profebtivy fosmehted” isa femdsii@nasafefiabd ebavemapinkt i ¢

radi ation fromsinglet excited states . in whjch the electran.in the excited
orbital FeMPpRses ahleayip nobRIcTesia selgsted forensirauRgia a2 ?‘Bﬁalipﬁmf‘ﬁg’“dﬁound

stat g Ormetlﬁllderlﬂpgax\b’fg%éﬁi)& 5[%??05@%&0 tAdbARIGround state is spin allowed

and occurs rapi enl ssi of a photon and wherein the enission rates
are typical | yAs@s&Siereint 1“photolpingmscdnt plegsphercsceoulayer? @s aEho sesobimgdrom at

"Phosphorescence" . is em ssiqn gf el ectyo netic .radi ati.on ffromtriplet
excited Lef’éttoé‘_g,p%f)wllw&%e? 0 qg)(g?s'cgrﬁ f?ﬁ“n"ﬁ% b 3‘%?&1@05@ lfﬁ%lfjryhags t he same
spin ori gRdrattéPRddy thhRsMLAURAS adrBethediliih®Ringlih ASiahO651 - Savdifte %9 oothed
state are forbidden and the em ssions rates are slow. Phosphorescence

lifetinettalrecighytwifehe filgn.mi | 1§ seconds to seconds. As used herein,
L gescent RS e, 258 0RO gy FARRSSER S o
consequebaeplftolanthdsednt Ainofeycent tinubuiag nieit icsubstdntéliyatry, as characterized by
the residual liquid carrier medium being in the range of 1-5 weight % of the total weight of
the film.
As used herein, a “photoluminescent layer” is a film resulting from either a
20 . photoluminescent fluorescent, or photoluminescent phosphorescent formulation, or both, that
is substantially dry, as characterized by the residual liquid carrier medium being in the range
of 1-5 weight % of the total weight of the film.
A “reflective layer” is a film resulting from a “reflective formulation” as defined
above, that is substantially dry, as characterized by the residual liquid carrier medium being
25  in the range of 1-5 weight % of the total weight of the film, and which is at least substantially
reflective of incident photoluminescent phosphorescent radiation.
A “white reflectance layer” is one that reflects 95% of visible electromagnetic
radiation incident upon it.
A “protective layer” is a film resulting from a “protective formulation” as defined
30 above comprising a polymeric resin that is substantially dry as characterized by the residual
liquid carrier medium being in the range of 1-5 weight % of the total weight of the film. Such

layers protect photoluminescent layers and reflective layers from, for example, photolytic

degradation, moisture, mechanical degradation, etc.
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"Phot ol um nescent fluorescent” materials are those which upon excitation by
eI ectromagnetic radi ation exhibit fluorescence. As used herein,

" phot ol unvoesesambo2phosphor escent” naterials are those wecghisupsnie@sei t ation
by el ectromagnetic radiation exhibit phosphorescence. As used herein,
"Di gment " i s As used bereial “Visible elestromagngticiradinhers’ is sharagipiizad iys subst antial |y

| nsol ub| fects #b%m%%ﬁe'ug‘%écf’at %rvrv@%?{r?éﬁgﬂl#ﬁﬁ’ dn‘ﬁ'?f?é 1otnl of 48D 3¥n&H&QrsWJP?A $oo but

whi ch c_g chani ca Iqurd carrier umto
nmodi fy nins col or and/ or eI ectromagnetic radi ati on-scattering properti es.

distri guf o e CabI, il SransTHS i SaEh S RBr Ot AGUGOUIREr oi n o
“for @febﬁ&naér&tl rédﬂt?nqragl?@me%\r}}eugﬁghgnagef"%h%fdo@?ﬁlo%%l §ny CONPrising at

| east one nat elt sol dlstrlbutedlnasolld state
w thin pha)tdldmlqescdntamtemads medi um As used herei n "di spersion” is a
formul ati on ove, erein s olid dlsrhrlbuted

TR o aPRop i Aegad is g5  Rattst R talishoohange Badportivcs

" phot ol YRIRRIICRINr, fhatRhSEERA by bRcHUMAEAMA radigtich. f or mul ation, as defl ned
above, which additionally conprises materials exhibiting fluorescence that

are either distustbhereis, | photostabilizgr smaterals ﬁr%léchbﬁ@bm spgleroxgenr e
di sspl ved | i rein, hot ol um nescent
igh 0 I§cav %etréa %'mf»?lfi&ﬂil %hhfapnﬁau §%r%ba p .

pho or nu orrru tion , as defi ned above, which

addi ti onal | y Azanspd h&einpioeypieds sisekiol dhatac gz hom rivas eseanaserithbisedon
distributed in a solid state in said formulation. As used herein, a
" phot ol HHMARBBEEARLIGor nul ation” is a formul ation, as defined above, which

addi tional l'y ASQBS hﬁoa &hteSity N0 Qhid fa'lﬂﬂg %?él%@t%m?é?ﬁﬁ@?&?ﬁﬁ%ea@tpef&fv%& byl s as

defi ned above, t 0l um neéscent rescent materials as defi ned above,
or bot hIheA!Stamiadi @bseevem” (sae, "erge;‘Cehﬂamels@madeF a@mmn OPITKJAa RAamioat i on as
whi ¢ r| ses_at .lLeast a resi bl qU| d

def i bove
car 17 er M B S AR S o Shu At MER e ReRRY {RA FrehGoifled Bosip ey
col or antefbihitd for ANl pids¥d)al ﬁl)imlck& 8Yhlphgioplt Redidr] Rh ab Tnt@mBBd Rl Light added

to a fornulation conp r|S|n%so“| articles
Company’s (Massachusetts,USA) “IL 1700 Radiometer/Photometer with High Gain
Luminance Detector.”
As used herein, “luminous intensity” is a measure of emitted of electromagnetic
20 radiation as perceived by the “Standard Observer” (see, e.g., C. J. Bartelson and F..Grum,
OPTICAL RADIATION MEASUREMENTS, VOLUME 5 — VISUAL MEASUREMENTS (1984),
incorporated herein by reference for all purposes) as mimicked by a photopic detector, such
as International Light Company’s (Massachusetts,USA) “IL1700 Radiometer/Photometer
with High Gain Luminance Detector.”
25 As used herein, a “preformed article” is any article onto which photoluminescent
layers may be formed. The preformed article may be rigid or flexible.
A “photoluminescent object” is any preformed article, as defined above, onto which is
at least one photoluminescent phosphorescent layer is applied.
The present invention is directed to photoluminescent formulations comprising an
30 effective amount of photoluminescent phosphorescent materials, at least one liquid carrier
medium, at least one polymeric resin, and at least one formulation stabilizing additive,
wherein said photoluminescent phosphorescent materials are uniformly distributed within

said formulation, wherein there are no additional materials that are absorptive colorant
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or a dispersion, as defined above, to uniformy distribute, prevent
aggl oneration, and/orprevent settling of solid material in said dispersion
in said Iwguosh/eerki er mediumto result in an enhanceneptrafs2é03®4408911 NOUS

intensity. Such stabilizjng addjtives gengrally conprise dispersants, .
and/ or rH@&CBSya‘?‘F{E‘F**P‘éW ?rgl sagieﬁiﬁbblmﬁgﬁ(gﬁé%‘&%‘ﬂ Wgr?%?&@iﬁaﬂ{fél%ﬁ 52[%5 Bl i al
added t 0};a,ifi @4t #eldRi.conprising solid particles or a dispersion, as

defined above, to enhance its applicability to articles to create .
phot ol um nesc&he phnsdnventipn is asostirsster te phgtakumningsgensfomplatiqis gpmprising

Y e

"protect? ormu n- as I ne conpri ses

at | enst madiel, WirRastGne Pdiymesielregih,efld fableag vk forruationl stabilizimg fdiitiveg |
protection of the underlying article, upon a,pgl I cation 0310, said article.

As ulseq waewimsaidhphqielyminesasTy SBesPRETepIS prtsrialsaan pnifordy disjribuledryit
resul t . . s ] f [
that i Isngad{%g‘ﬁémﬁﬁt? ?@ﬁ%feﬂme‘% ¢ w&%?%%?g? ﬁgﬁp'gési?%%g{ﬁvle cBfofah 3¢ | on

_ ry as characterize u iquid carrier
medi um beigagntsnwhirein siidformilatiob stabilightg ®idivive tchmptistsad divgsirghg ageit avka f i | m

As used herein, a.~photolum nescent fluqrescent.layer" is a . filmresultin
fromat Msace seiBfote! WHMFESEORR i ARLERRA g Gingt ingr S gprcpfRe’ ' "
subsi@nt i@leliy salt iquRScapfi@R&di®hi zed by the residual liquid carrier medium
being in the range of 1-5 weight % of the total weight of the film As used

hﬁrEi In a " ph6eotrally.ibs platolumageseent fermalgtionsraecesding inghis inyentiontchataing
phot ol um pnescent fl yorescent r_ph |y .o
BB Bhospo PhERTP st gl Bt 4R B G IocBl ARENERERS Be, tigyid,

fornul at P anti characterized

resi dual cdrkigtingdiaay initks raiBel bfaBoAER 578 tb b6 5V pglymetic tedin iethg Rdngtobhibdne
total weight of the film A "reflective layer” i ing froma

"ref | ect il Y6 tp abeit3aP4 stebilangraditiye dn Hsgpese Qfmaﬁsggé%bé%n%#}{??ﬁ% Mry, as
char et iRl AR AUR | Arfeer ity D M et oacsa f e o
subst ant bfiheyomeflatewt i ve of incident photol um nescent phosphorescent
;?SIC? ? l)(rjrg'gn'eA\t IT@Q I}J%g?régﬁi%lﬁ%%%ﬁ gﬁcaggxlncfl}/%%gﬁ(l) ?}te?fg?eg%lhnagtph% Jllllrrelfr}egce%? t(y(;)rr(r)l{ﬂayiiogsi bl e
wherein said photoluminescent phosphorescent materials are not radioactive and are not
metal sulfide-type materials.
20 In another embodiment, the photoluminescent phosphorescent materials in the
foreégoing formulations are alkaline-earth aluminates, alkaline-earth silicates, alkaline-earth
aluminosillicates, or combinations thereof. The photoluminescent phosphorescent materials
may be metal oxide aluminates activated by europium and at least one co-activator selected
from the group consisting of dysprosium, lanthanum, cerium praseodymium, neodymium,
25  samarium, gadolinium, holmium, erbium, thulium, ytterbium, lﬁtetium, tin, manganese, and
bismuth, wherein said metal is one or more of strontium, calcium, magnesium, and barium.
In another embodiment, the present invention is directed to photoluminescent
phosphorescent formulations wherein the polymeric resin is selected from the group
consisting of acrylates, polyvinyl chlorides, polyurethanes, polycarbonates, and polyesters,
30 and combinations thereof.
In another embodiment, the present invention is directed to photoluminescent

phosphorescent formulations wherein the formulation stabilizing additive is a dispersant

selected from the group consisting of acrylic acid-acrylamide polymers, or salts of amine
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A "protective layer" is a filmresulting froma "protective formulation" as
defined above conprising a polyneric resin that is substantially dry as
char act erwaedodapod2Be reS| dual liquid carrier medi um bei pgTius2008@446030g€e of

1-5 weight %of the t of . t l.ayers protect

phot ol unf‘ﬁ‘i‘ég%"@ﬁwforpﬁ Qr‘i‘m%r gﬁr«gﬁf?‘(}‘g‘(ﬁnﬁb"é’r&oxprﬁﬁf‘df‘% 5 Wﬁ*ﬁB’lgE‘ enphot ol ytic
degr adat /Rty FRIup,WHnd com%ggllgre@egradat ion, etc.As used herein, "visible
el ect romagne%’| c radiation" is characterized by el ectromagnetic radi ati on

\r/]v. th wave|F elnght_F@OIh(rr pm@od@mnbﬁhq)prem@mamﬁ directed ml)O} PRI m  As used
erein, "Fi [
ol et r Onglb%gﬁgfrgscen ulayloxiu Ywhire 1515{“2 t&)n[%H fahi6n %{aﬁ'ﬁtzin nada %5 g&ghe}’lb b e

JPT GRS AR roug not have
any phot Q,Ieuﬁhaescent rrat erials. "Photol ytic degradati | on is deterioration,
degradation, or change in properties,, such as observe th| or, that is

O(D

initiated by Baothesrmadimeat, riBaiprasent veniion s dreeled i BRdeSE i | i zer
mater al ﬁ?cﬁsgﬁory%éeﬁtbl%%gﬁf éhé‘rQJnth ?&%&%Hc REAIZARESd 3R ih@gkalpnt s, and/ or
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In another embodiment, the present invention is directed to photoluminescent
formulations wherein the dispersing agent is selected from the group consisting of acrylic
acid-acrylamide polymers, or salts of amine functional compound and acid,

20  hydroxyfunctional carboxylic acid esters with pigment affinity groups, and combinations
- thereof, wherein said rheology modifier is a polymeric urea urethane, and further wherein
said wetting agent is selected from the group consisting of polyether siloxane copolymers,
non-ionic organic surfactants, and combinations thereof.

In another embodiment, the present invention is directed to photoluminescent

25  phosphorescent formulations wherein the polymeric resin is selected from the group
consisting of acrylates, polyvinyl chlorides, polyurethanes, polycarbonates, and polyesters,
and combinations thereof, and wherein the stabilizing additive further comprises a
performance-enhancing additive that is a wetting agent and a deaerator/defoamer.

In another embodiment, the present invention is directed to photoluminescent

30 phosphorescent formulations wherein the polymeric resin is selected from the group
consisting of acrylates, polyvinyl chlorides, polyurethanes, polycarbonates, and polyesters,
and combinations thereof, wherein the stabilizing additive further comprises a performance-

enhancing additive that is a wetting agent and a deaerator/defoamer, and wherein the

formulation has an FT of at least 90%.
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As used herein, a "prefornmed article” is any article onto which
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phot ol um nescent phqsphor escent rial t d d
ot al S UPIPBOFEAR RTINS Which THBETSerPEa S RS E e TS o) A Elen

phosphor escentIn JRStREN dhbddidert e present invention is directed to the foregoing
photoluminescent phosphorescent formulations comprising fluorescent materials and further
20  comprising photostabilizers.

In another embodiment, the present invention is directed to the foregoing
photoluminescent phosphorescent formulations comprising fluorescent materials wherein at
least some of the photoluminescent fluorescent materials are excitation-altering
photoluminescent fluorescent materials, wherein the excitation-altering photoluminescent

25  fluorescent materials increase the luminous intensity of the photoluminescent formulation.

In another embodiment, the present invention is directed to the foregoing
photoluminescent phosphorescent formulations comprising fluorescent materials wherein at
least some of the photoluminescent fluorescent materials are excitation-altering
photoluminescent fluorescent materials, wherein the excitation-altering photoluminescent

30 fluorescent materials increase the luminous intensity of the photoluminescent formulation,
and wherein the fluorescent materials are in solution in the liquid carrier medium.

In another embodiment, the present invention is directed to photoluminescent
phosphorescent formulations comprising fluorescent materials wherein at least some of the

photoluminescent fluorescent materials are emission color-altering fluorescent materials,
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activated um an |.east one sel.ected from t.he group
Const ot + it the aB R orr iR M ceal Fhil Bty BrimTo T S5ty or e

samar i UnphGBRRihENcIN foRMRUIBHH o aBEDhE Berckivel colBt ay/ddnfapddidlthé péreéiveditold N,
nmanganese, and bisnmuth, wherein said nmetal is one or nore of strontium

cal ci um pnagﬁﬁ@éduwp o tht ni@tqlwmnesqcnaﬂmm@en@m@aalnent the present

| nvention is ij ;gno?llier emtb%dﬁ)rt'e% q{léjgl}egéerﬁ?@}}bn QQ(eﬁ?&Eﬁ%olW1 k@r}t' ons

wherein the porf ic resin € grou onsi sti1ng of

acryl st e§hosipﬁbryéb’ddﬁyforﬁﬂﬁla@bhﬂ&ﬁnprtﬂhﬁg’ﬂlﬁ&éﬁ&m&ﬁateﬁﬂh ydarehadtess somadf the
polyesters and conbi pati ons theH$ I n anot her enbodi nent, the present
i nvent i oRPtgIupescERidTUCEeSEIH IMALTIRITIE CBNISI QRO sIbFRES ORI B

wherei n wﬂgreﬁrp{h@%hﬁgsllcg?co%lag ekihg lﬂﬂgl(‘f@t,déill la¥eFialsSal@r fﬂe%ﬂﬁis‘ﬂf&mpe(?@ﬁlﬁ%tf% from

t he group consisting acry I c aci d-acrylam de polyners, or salts of
anm nef unphotohmiinesoenpdomalatneh taciter thiapdrcevgd aolot Aot pacedt tlodhe/pmelacd chlest er s

wi th pignment affinit r |nat|onst e nother
erbod, maAtor prsdspaat i Minmisehl MRS oaRet A Sl uherehBEcent
phOSdelorsﬁ@@ﬁﬁmh&rcamhﬁatem§aﬂehﬁ§@mﬁoﬁ henhé ﬂgmulcaﬁieemeambl l'izing additive is
a polyneric urea urethane. In another enbodinent, the present invention is

directed to phomtlmen@@é@mnt dhoBisaet énseatien fseliesicd fo PRAIOIAERASENLt he
pol yner i ?) E)r%sclz élts ?o%%fatn%gs ﬁ]ngélﬁ &eﬂlgcfrgs%@n Clggéltlz?lg 'tl{?ig ax%fenﬂﬁsrl 163

pol yvi ny ori ure car ona ers, and
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phosphorescent formulations comprising fluorescent materials that are emission color-
altering fluorescent materials, wherein the emission color-altering fluorescent materials alter

20  the emission spectrum of the photoluminescent'formulation to alter the perceived color as
compared to the perceived color prior to addition of the photoluminescent fluorescent
material, and wherein the photoluminescent fluorescent materials are in solution in the liquid
carrier medium.

In another embodiment, the present invention is directed to photoluminescent

25  phosphorescent formulations comprising fluorescent materials or fluorescent materials and
photostabilizers, wherein at least some of the photoluminescent fluorescent materials alter the
daylight color of the formulation as compared to the daylight color without the
photoluminescent fluorescent materials.

In another embodiment, the present invention is directed to photoluminescent

30 phosphorescent formulations comprising fluorescent materials or fluorescent materials and
photostabilizers, wherein at least some of the photoluminescent fluorescent materials alter the
daylight color of the formulation as compared to the daylight color without the
photoluminescent fluorescent materials, and wherein the photoluminescent fluorescent

materials are in solution in the liquid carrier medium.
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Stilbene type dyes and combinations thereof.

In another embodimeﬂt, the present invention is directed to photoluminescent
phosphorescent formulations comprising fluorescent materials or fluorescent materials in
solution in the liquid carrier medium, that are emission color-altering fluorescent materials,
wherein the emission color-altering fluorescent materials alter the emission spectrum of the
photoluminescent formulation to alter the perceived color as compared to the perceived color
prior to addition of the pﬁotoluminescent fluorescent material, and wherein the excitation-
altering photoluminescent fluorescent materials are selected from the group consisting of
coumarins, styrylbenzenes, oxazoles, carbostyryls, stilbenes, and combinations thereof, and
further wherein the emission color-altering fluorescent materials are selected from the group
consisting of Xanthene type fluorescent dyes including rhodamine and fluorescene dyes,
coumarin dyes, phenoxazone dyes including nile red, nile blue, cresyl violet, phoenoxazoles
styryl type dyes, Carbostyryl type dyes, Stilbene type dyes, and combinations thereof.

In another embodiment, the present invention is directed to the photoluminescent
phosphorescent formulations comprising fluorescent materials wherein at least some of the

photoluminescent fluorescent materials are excitation-altering photoluminescent fluorescent
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wherein the excitation-altering photol um nescent fluorescent nmaterials
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fl uorescpbcPREeRE| ,:N%O@ﬁr]E?-WSIS,@ﬁedCQﬂSB-S?f9,%d%5m%hﬁti@ﬂ@ﬂ1@fc@ﬂiaﬂ§$ﬂ@fﬁin the

fluorescent raterials are em ssion color-altering fluorescent nmaterials,
ratio of photoluminescent phosphorescent material to acrylic polymeric resin is from 1 to 2; a

20  stablizing additive, wherein said stabilizing additive comprises a dispersing agent that is
DISPERBYK-180, DISPERBYK-181, DISPERBYK-108, or Tego Disperse 710, wherein
said stabilizing additive is present in amount of about 1% to about 3%; a rheology modifier
that is BYK-410 or BYK-411, wherein said rheology modifier is present in amount of about
1% to about 2%; a wetting agent that is Tego Wet 270 or Tego Wet 500 present in the

25  amount of about 0.5% to about 2.5%; and a deaerator/defoamer that is Tego Airex 900,
wherein said dearator/defoamer is present in amount of about 1% to about 3%.

In some of its object embodiments, the present invention is directed to
photoluminescent objects comprising a preformed article and at least one photoluminescent
phosphorescent layer which results from at least one of the foregoing formulations.

30  In another object embodiment, the present invention is directed to photoluminescent objects
comprising a preformed article, at least one photoluminescent phosphorescent layer which
results from at least one of the foregoing formulations, and a least one reflective layer
wherein said reflective layer results from a reflective formulation, wherein said

photoluminescent layer is distal to said preformed article, wherein said reflective layer is
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uorescent materials. In another enbodi nent, the present invention.is
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phot ol um nescent
objects comprising a preformed article, at least one photoluminescent phosphorescent layer
20  which results from at least one of the foregoing formulations, and at least one protective layer
wherein said protective layer results from a protective formulation, wherein said protective
layer is distal to said preformed article, wherein said photoluminescent layer is proximal to
said preformed article, wherein said protective layer has an FT of at least 95%, wherein the
protective layer further comprises photoluminescent fluorescent materials, thereby resulting
25  in a photoluminescent fluorescent protective layer, and wherein the protective layer further
comprises photostabilizers.

In another object embodiment, the present invention is directed to photoluminescent
objects comprising a preformed article, at least one photoluminescent phosphorescent layer
which results from at least one of the foregoing formulations, and at least one protective layer

30  wherein said protective layer results from a protective formulation, wherein said protective
layer is distal to said preformed article, wherein said photoluminescent layer is proximal to
said preformed article, wherein said protective layer has an FT of at least 95%, wherein the
protective layer further comprises photoluminescent fluorescent materials or fluorescent

materials in solution in the liquid carrier medium, thereby resulting in a photoluminescent
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20  which results from at least one of the foregoing formulations, and at least one protective layer
wherein said protective layer results from a protective formuléltion, wherein said protective
layer is distal to said preformed article, wherein said photoluminescent layer is proximal to
said preformed article, wherein said protective layer has an FT of at least 95%, wherein the
protective layer further comprises photdluminescent fluorescent materials or fluorescent

25  materials in solution in the liquid carrier medium, thereby resulting in a photoluminescent
fluorescent protective layer, or photoluminescent fluorescent materials and photostabilizers,
wherein at least some of said photoluminescent fluorescent materials are excitation-altering
photoluminescent fluorescent materials, wherein said excitation-altering photoluminescent
fluorescent materials increase the luminous intensity of said photoluminescent object, and

30  which further comprises emission color-altering fluorescent materials, wherein said emission
color-altering fluorescent materials alter the emission spectrum of said photoluminescent
object to change the perceived color of said object as compared to the perceived color prior to

addition of said photoluminescent fluorescent material.
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coumarin dyes, phenoxazone dyes including nile red, nile blue, cresyl

vi ol et, phoenoxazol es styryl type dyes, Carbostyryl type dyes, Stil bene
type dyeswoaoeb/sozBi nations thereof. In another enbodi mpotrustéve/opossent
invention is directed to the photol um nescent or.mul ati ons
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pi gnent, alnd erein saj d photol um nescent phosphorescent nmaterials are
uni f or m §°'85 it ‘?‘HGPQH”WWH °n said fornmulation; a liquid carrier medium

conpri si ng EGYMaaRg oMeBlembduehentNtheGMyent ifivdtios edirdcedaphofodhinadent 28%
to about 40% an acrylic polyneric resin, wherein said acrylic polyneric
resin i sokjettecomprifing mprefernadasiicle.c dast angphetolppiessgnt phogplgoresqeRfdryar

B- 73 NeoCryl B-813 ' ' . [ AL f
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a dispersing agent that is DI SPERBYK-1 80, DI SPERBYK-1 81, DI SPERBYK- 108,
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to about pifctise Wayet funhencrempriseh photbiniiegoenindluogeend matesigls agluosBoerir esent

'nt 121(? materials in solution in the liquid carrier medium, thereby resulting in a photoluminescent
fluorescent protective layer, or photoluminescent fluorescent materials and photostabilizers,
wherein at least some of said photoluminescent fluorescent materials are excitation-altering
photoluminescent fluorescent materials, wherein said excitation-altering photoluminescent
fluorescent materials increase the luminous intensity of said photoluminescent object, and

25  wherein the excitation-altering fluorescent materials are selected from the group consisting of

coumarins, styrylbenzenes, oxazoles, carbostyryls, stilbenes, and combinations thereof.

In another object embodiment, the present invention is directed to photoluminescent
objects comprising a preformed article, at least one photoluminescent phosphorescent layer
which results from at least one of the foregoing formulations, and at least one protective layer

30  wherein said protective layer results from a protective formulation, wherein said protective
layer is distal to said preformed article, wherein said photoluminescent layer is proximal to
said preformed article, wherein said protective layer has an FT of at least 95%, and wherein
the protective layer further comprises photoluminescent fluorescent materials or fluorescent

materials in solution in the liquid carrier medium, thereby resulting in a photoluminescent
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conprising a prefornmed article, at |east one photol um nescent
phosphorégé%f}?ttyped X Wﬁ‘ict?ﬁ‘br"@é‘lﬁ?ﬁg‘eﬁogm at | east one of the foregoing

formyhations, ngm)tﬁér obRRBEMPAEMRAO IR GIrL ¢ Rt thRtffon W8 &HEY RAdtdNiMingsdehy
| ayer results froma protective formilation, wherein said protective |ayer

i s di st abbjedts saingriping b prefednet articlesgt ledseorsi phosdundinshesnbphospherssrent layeryer i s

proxi mal to.sai reformed artjcl and erein _sai t.ecti I h

B FT of e gt Toueat IR aft bhE Suefite MM BPREArd of ke sl Tt Ton
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| east one phot ol um nescent phosphorescent Igé]gr whi ch results Prom at | east

one of t ket isrdissalitp grifl prafonmad ashdle. whateinsaidghetolyninessent layer iy eraxayelito

wher ek n ' CL: fr ' '

wher 51 SERGrBOMAHYE VAYEh SEHDER R BaPEPEP S Rad OSMAbIRIRe
sai d phopaitetive éseefirtheay@niprises phaslumihescent Shioekspene hrateriads @rfluocdseentwher ei n
said protectjve |ayer ha %FT of at ,easﬁl 95% and wherein, the protectiwve
| ayer furatsRlsds F‘Q%é“@]ﬁ 1d TR dRediim £ thefs P ESEINING ik # @R PRI WnInRCF Ry

oL Ao\l s oy ek
obj ect s odwmin &tileayt some ef midiphbtelumindsesnt Suotcecent matesialsiant exaitaiioegltering
phOSBSI or %}Slgt%mmilng%ee{t fluorescent materials, wherein said excitation-altering photoluminescent
fluorescent materials increase the luminous intensity of said photoluminescent object, and
which further comprises emission color-altering fluorescent materials, wherein said emission
color-altering fluorescent materials alter the emission spectrum of said photoluminescent
object to change the perceived color of said object as compared to the perceived color prior to
25  addition of said photoluminescent fluorescent material, and wherein said excitation-altering
photoluminescent fluorescent materials are selected from the group consisting of coumarins,
styrylbenzenes, oxazoles, carbostyryls, stilbenes, and combinations thereof, and further
wherein said emission color-altering fluorescent materials are selected from the group
consisting of Xanthene type fluorescent dyes including rhodamine and fluorescene dyes,
30  coumarin dyes, phenoxazone dyes including nile red, nile blue, cresyl violet, phoenoxazoles
styryl type dyes, Carbostyryl type dyes, Stlbene type dyes, and combinations thereof.
In another object embodiment, the present invention is directed to photoluminescent
objects comprising a preformed article, at least one photoluminescent phosphorescent layer

which results from at least one of the foregoing formulations, and at least one protective layer
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Dot 0 U e G ity o SF SR B RN S e Hrtos WAL A sp@A] 1Bk 85 Oftalih ADS G

kn
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sai d phopiHaoReSERNL TRRIWE 828, lof cambinagsnsahgresf. enmbodi ment, the present
i nvention is directed to phot ol um nescent, ‘obj ects conpr.ising a preforned

article, at | dnsthenemabosdimedsshe B@%h@veﬂﬂ%ﬁ%‘ﬁé@ééﬁﬁlq@?é OngRGaH8Aesul t s
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prot ecti ayer eretn’sard protectirve Fayer results a protective

f or nul at andappihiap @ said preforpredtaetiie weleasapee of the gphetohiminesceti fdrmulefiansned
article, wherei nbsai d photol um nescent layer is proximal to said preforned
articl e, d6is8ed AbXSi d protective |ayer has an FT of at |east 95% and

wher ei n the phobeahdriEethY&hbddHbRE theGRORA iBOtRIAGE Bt d@SEQRSds fbrOor escent
materials or fluorescent materials in solution in the liquid carrier

medi um  eteatiepy phetslbintingsgentrobiechsaid anathedseonwnising|thost Pbt3RIBE Bct i ve
22 AR B e B8 ) SRS AR AR ERR
em ssi on f&al@4tInk dédchiBed above, and applying to said preformed article at least one reflective
formulation, wherein said photoluminescent layer is distal to said preformed article, wherein
said reflective layer is proximal to said preformed article, and further wherein said reflective
layer is characterized by a reflectance such that the total emission from said object is greater
25  than 80% relative to that of a white reflectance layer.
In another method embodiment, the present invention is directed to methods for
creating a photoluminescent object, said methods comprising the steps of obtaining a
preformed article, applying to said preformed article at least one of the photoluminescent
formulations described above, and applying to said preformed article at least one protective
30 formulation, wherein said protective layer is distal to said preformed article, wherei.n said
photoluminescent layer is proximal to said preformed article, and wherein said protective
layer has an FT of at least 95%.
In another method embodiment, the present invention is directed to methods for

creating a photoluminescent object, said method comprising the steps of obtaining a
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fluorescent materials alter the em ssion spectrum of said photol um nescent
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spectrum of the chosen photoluminescent phosphorescent material. This is important, for

otherwise, the excitation of the photoluminescent material will be inhibited. It is also
desirable that the chosen polymeric material should have minimal impact on the luminous
intensity, that is, it should not exhibit any significant quenching of the photoluminance.

25 Also, the liquid carrier medium can be any solvent other than water. In selecting the
liquid carrier medium, for cases wherein the polymer is soluble in said liquid carrier medium,
the polymeric solution should be clear and should not exhibit any haze, otherwise, luminous
intensity transmission will be adversely impacted. In general, highly polar solvents will
increase the likelihood of emissions, and hence should, in general, be avoided.

30 Selection of Dispersing Agents

High mechanical forces are necessary to incorporate solids in liquid media. It is
customary to employ “dispersing agents” in order to reduce these dispersion forces and in
order to keep the total energy input into the system, which is necessary for deflocculating the

solid particles and thus the time of dispersion, as low as possible. These dispersing agents are
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to the daylight color wthout such materials. In another object enbodi nent,

t he presewnd 2ospyemggon is directed to photol um nescent olbpeaissoseiqsd Si ng a
Do OF el Bk aftife suBliah &R9F B PSR DERGPAL, RO PRAL SRy AT VI C

results P eas regor ng I‘ons east one

prot ect i y&leday 8 smahamdunt, sihet direcdewtthe solidayrao theedisﬂdmori rrmchum protective
formul ati on, wherein sai d protective | yer i.S d stal to soj\ eforrred

article, F%‘@”@PFP: #d5 knoyMe thst eivRnRESE eqRP Ftﬁﬁépo?“é‘ 10801 1A '€ or med
article, ﬁﬁlhﬁ' a@a%@i?sorr@h@&hgﬁtlbﬁlﬁ@&r@ﬁ%r% didpbioRbrdce@s tIn %%a é’h@@r ein

t he prot ect conpri ses phot ol umnescent fl uorescent
mat erj al ﬁle@lffof'tl axpeetedeo pradatedispdrsion is potiallyl arcomplately negajed. dAgglomiceation

medi um t her resulti.n hot o ne ent fluyorescen ective
Tayer . oft BGRBFS b befhulafofs ol Soebanpa s An RO BBy e o
wher ei n ﬁérsﬂs%ﬁéé cifRFBs Rkulsiah @roﬂhﬂ%&hb‘l@le@@ﬁﬁfﬂn drl de k@ SeaeBling BT IR highd tid e
excitation-altering photol um nescent fluorescent materials, wherein said

excitati Meb@ftaeglong;rqu thenighee 96lb e the|nustbss eEphotalymangseqns Phogpheisent he

| um nous i nt n5| | um nescent object, and wherein the

exci t at i B #%f (g,vll I%Srrélgggnégnat erials are sel ect ed fromthe group
consigting of Tﬁ@Udm;éqlibslce§df§alhydnbxablaeimmam&zﬂlreagglomebmahy:axyhlso restllt iloznes,
and conbi nations thereof. In anoth obj ect rrbodl ment, the IE)r es
i nvent i ofPugh canpraniderm surfics that G ﬁ\é@ébﬁf@“%‘i ertiomagpes radiafigh the é(f or med

art | ol e, nitnct BRThisHAR ALY RTGRndRhARABREescont | ayer i oh resul s

from at east one 0 regol ng formul ati ons, and at | east one
protective | agrheremheneﬂmplzcay@f Firf&lmmsub,smnlcmhwh@swaeé npwadays apdtsper@tngve

formul ati on, erein said tective. |la s dist sai d r med
article, a&%’ésrg?ﬁlgé%ﬁn&s aﬂﬂcﬁxg‘inaf’ﬁsné\srégﬁfv c?/fib%?mfténgp‘?ag%tmqr RS w ner ef or ned
arti ¢ e, phpksil PateRiNb. Y DIBSRDI (BEe, b3y PagbasLiabs F4L26f. Aparl ﬂ@t’fatveme&anw
wherein the protective |ayer further conpri ses photol um nescent fl uor escent

mat eri al modfrcufalr i ght g@mpom en¢hadsdeqithin dattit acads aw:l sais tharerfi endcalkylplgnol
e Ao R s 7 ield spReRa AL T GR6 Bl R R o O I fritflr,

| ayer, one of sai um n cent
mat er i al $hegé o 1s‘3:$dnﬁﬁo-ceﬁidcalmxad: lﬁﬁfctmgalfsysmhgs;dﬂcﬂ angatidelyalsed ambl@‘SEI n said
em ssion coloraltering fluorescent

O e oLoralLex) 16 BLAS ERCR, LS gl ALt LIS, SIS, AReELLy™ O

oo e S 1 RO PR, SRR 58 ey o

col or - al d&pemipn of magnetic pigments. European Patent No. 0 713 894 describes the use of amino-
functional polylactones for coatings and printing inks. Moreover, amine-functional
polyacrylates, such as those disclosed in European Patent No. 0 311 157 and in U.S. Patent
No. 3,980,602 are used for the stabilization of organic and inorganic pigments. Amine-

25  functional polymers based on polyisocyanates constitute a further group. See, e.g., European
Patent Nos. 0 159 678 and 0 438 836.
Derivatives of phosphoric acid esters are also frequently used as dispersing agents.

European Patent No. 0 417 490 (see Page 2, Lines 23-43) gives a summary of the use of these
substances, preferably as dispersing agents or for the pretreatment of pigments. The salts of

30 acidic phosphoric acid esters are also described in this patent. Inorganic bases as well as

mono- and di-amines are listed as the basic salt formation components.
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fluorescent materials are selected fromthe group consisting of Xanthene
type fluorescent dyes including rhodam ne and fl uorescene dyes, coumarin
dyes, phewoxagmsso2dyes i ncluding nile red, nile blue, cresys20solaty
phoenoxazol es_ st I [xpe dyes, § Ib?ne t ype dyes,
and conbi nat i o9¥ ARHNA SRS EC S R A of L t

I nvention is I | um nescent objects conprising a preforned
article, at |east one photol um nescent phosphorescent |ayer which results
from at | east Wihile safisfadteryfstabdlipationg of pigmehtator epléds can de achipeegswitlopee or
protective | ayer wherein. said, protective.layer results from ctive
For ma at TG Shife s ST oa A6t BeebeveemtGLmedlone Bt ddeplsaih B MsphfEfn
articl e, cHAEHEIOR r&RkHhgRROYREILN REIKEMEorpSdaEibn oS I?_igmbﬁismﬂof'@@licspdrdcl% #f or med
article, wherein said protective |ayer has an FT of at |east 95% wherein
the pr dt biodénwshiclsse Fof manufaetutingphotebunipessens|ohifcke S ameed losgiumize the
materialg.or flugrescent. F ' | ' ' L gqui '

rodt um Prigresy TSRy TG BhophRsiRhthlaR, Thrkifat S hEALILR o

| ayer, oOfedp&0the hmduistaeent dsifar Bgeesibler(aie hight-solids tbrpindrtions)abill ofzthiss,
wherein at | east sone of said photol um n a)gent fll.uorescent materials are

exci 1t i epnlaad torhighyvisersityvith the sselingmeedfos dheapplinafian o exeessiyR EPEER W aj d
excitati gn- [ ' i | | N4 asRadiAe
i nous SR B POt R LR SR et ARl R PTRICHTRY Gidilible, P
conpr i sesxcessigsvissity boildupl widh ieqgjrd 4pplyies cwessivaersrgyavdichindwei willsahse

em ssion col or-al tering fluorescent teri.als alter .the em.ssi on. spectrum
of said 15‘?%%‘%1“%0}3@%‘8%?5 ‘8[%“&‘2‘( Oftﬁe 8@86‘8“???8“%@?‘8%’."%6 C%nérf%rF‘“o*’fq‘oé’g'i d

obj ect as conpaifgles 6f uiBbR A RIsHRChi€Ohe! midimdk apBloakeition@nd Sliccassfally

phot ol um nescent Tl uorescent nmaterial, and wherein said excitatjon-altering

phot b} uninimisdesntisdositip beibdupn thahist wapise werydew dajelscaf eaemy don Rig@ep;digpsrsion,
consi stin f coumar.i,ns Iyl . b I ,sgxtdikbenes,
and combiA SRS AEaapm Mg PRI S aF HRO L i PR NG oB  ng
f 1 uor escaRbrpsRit@l hattia byrrefesaice Coredi gurpuses, e sgtsaffan aorisé nicticpabtonpmindene
type fluorescent dyes including rhodam pe gn? fgzgo escene d\yg\gﬂe coumarin
dyes, pharbamacithsuelyasthpseeiigdiimy-hitlatent 8g. 6,41 1.85% a0 IneqrRargied Bersin, by
phoenoxa dyes, Carbostyryl type dyes, Stlbehe type dyes,
and co%%ﬁ%ﬁﬁ%ﬁ%ﬁ%h?@é?ﬁ' I n anot her object enbodi nent, the present
inved@ion is Seleanine@f Rbegdbwt Mlodifierescent obj ects conpri sing a prefornmed

article, at | gﬁﬁéolc())gr;/ ogﬁite(r)sl”%rrré Rl%gecgu%gta che(gswarl]c rgesn%g'\arillgl ClaIal'%lellrld viscosity in

liquid dispersion formulations, thereby retarding settling of pigment materials while at the
same time significantly lowering viscosity upon application of shear, to enhance smooth
applicability of such formulations onto articles. There is a widespread practice of using

25  materials such as colloidal silica, or fumed silica, and magnesium aluminum silicate clays,
such as bentonite, not only as thixotropic modifiers to prevent sagging and running of |
luminescent formulation as it is applied to preformed articles, but also as suspending fillers,
that is, for minimizing settling of dense pigment particles such as phosphor particles. See,
e.g., U.S. Patent No. 6,207,077. It should be noted that settling in the photoluminescent

30 formulation or as the applied formulation dries to a film to form a photoluminescent layer is
undesirable as it will result in a lowering of luminous intensity.

The common practice is to use organically-modified bentonites, silicas, hydrogenated

castor oil, and polyamide waxes. A disadvantage of these substances is that they are mostly
dry solids which have to be brought into the form of a semi-finished product using solvents

35  and shear forces, and incorporated into the liquid coating system under careful temperature
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which results fromat |east one of the foregoing fornulations, and at | east
one protective |ayerwherein said protective |layer results froma protective
f or mul at iwo,200d8v@8N sai d protective |ayer is distal topsaiud2@seiaseed

article, erel.n,sai.d phot ol un nescent |ayer. | [OXI E . Saj f or med
article, CWQJJW‘%TSF%O FB‘feesél{L;lll%egl eg%érf s eﬁéﬁsglrrll %igq%lﬁ %(eg hgggilﬁ%g&)ﬁ{ er ei n
the prot egsidnywhialy &layndt bl leadaodefesssn fHealoatingyiboesisecdusé beanedsg amt hence
materials or fluorescent materials in solution in the liquid carrier

nedi um eEedusHgn etbe fymingus mteasiBhot ol uni nescent fluorescent protective

| ayer, or pho ] : i ' Alashekid d

wherein at | egg% ngglg&g sréllfagyg{]%té %?%ﬁnﬁggé%@lﬁfﬁggg@geﬁt mat grdioglﬁ{s@s’ar e
exci t &t i enerahtt phototunphedcohtuayenesdbatithdyl load estosiditiesdrelhaaé sathesttearei n sai d
excitation-altering photolum.nescent. flugrescent. materials.increase the
U nous TRRAPBFESH EBES-GUTER S B0 B o i) S SOUFHEE Of BIRO ARSI T Saygions
exci t ati gRq AddcBai1BFerind OX tBS AfMholBihRNkiA) SndPPesiSBARC tailiddy  RadoHO8y
consisting of 1,4 - Bi's(2-methylstyryl) benzene, 7-am no-4-nethylcounrin,
and conbpnlveiudens pradacisothich givetiseto disjsdn thesgomogiorpracsssingis upHesii@Bleabe i zer s
used are Ti nuvin 2. Tinuyvin 40 Chi . 02, Timuvin 328, or

conbi nat Itl}g:ﬁ%re[aﬁcg}ségqu.‘ uﬁer?scgm%?gyerr%%cggé rr?eqﬁﬁlg(geg%rﬁgg'pr esent invention is
diregged to nHhbeSeAtGhventi®AtnPibya pplyaictic wiitar@ethanés ialpetic,potaisclvemts hods

conprising the ste_gs of obtaining a preforned article and applying to said
pr ef or medheglagydnedifiers| dhisiclass of Breotags mMbitiers GaR bruwd setstarorly athrbis

describ e@«iﬁ%ﬂf’% ttdrth ﬁé&‘ﬁfomqgﬁé?f&%& M AE %moﬁt}&cwsﬁl_%%nd B VWE st Gyl S
directed {0 methods For cr oat ng a phot ol um nescent object, said nethods
conpri si Mge blichesd theslogl naddiférmhoigprdy prire fndzessettlarg dfdchedenap pigmengpartickai d
preformed article at |east one of.th hot.ol um nescent fornulations
descri bed BRI SagH8 &B%f%nﬁ@ﬁfyoc’fsté? g”&”&f@?%ﬁal’é’?‘f’?&q %regymfsgggic?egn%s
refl ecti ve R0 @Oelin%%&!bp r&ilttheRR Hi 2k URIFRES FIRAGluhAN@Eert Say@isst al  to

said preforned article, erein said reflective layer is proximal to said

pr ef or nedixamples o€ suchnued-urcthanes sanededpunds & xpmplee it Vibe PpighelNoj 5617,468
characteri a f e _such t! ] ' i d
oot t end Bty NEr 6 850 APE Tt el By et Blcerifl AP bSO %) Gyer

| n anot her netshpdiigibOWietBatAgene present invention is directed to nethods

for creating a_ photolum nescent object, said nethods conpri sj,anS he steps
of obtaining af e ehelohueingscentdpanulaiion Jqes §ot eondain dWBHEE GRFRIY AP kapwn ¢

| eas 50 On?ex%iiné Qgen?{' %eogu%é.'glstﬁg F@sulting layer upon application to an article may not be

smooth. Instead, the surface may be structured, such as having a wavy surface or as having

an orange peel-like surface. These surfaces may be finely structured, with a short wave, or
coarsely structured, with a long wave.

This waviness is unwanted not only because the surface is not visually appealing with

25  alowered market appeal, but, more importantly, any surface structure is likely to cause
scattering of electromagnetic radiation and loss of luminous intensity.

Known examples of such agents are poly(meth)acrylates and polysiloxanes, which
may be used as leveling promoters for coatings. In the case of the polysiloxanes, the
compounds generally comprise polydimethylsiloxanes, polymethylalkylsiloxanes, or else

30 polyether- or polyester-modified polydimethyl- or polymethylalkylsiloxanes. In the case of
the poly(meth)acrylates, preference is given to the use of polymers or copolymers of alkyl
acrylates having an alkyl radical chain length of C,-Cs, such as ethyl acrylate, 2-ethylhexyl
acrylate, or n-butyl acrylate, for example. The products used possess in some cases

molecular weights of up to 100,000.

31



formul ati ons descri bed above, and applying to said preforned article at

| east one protective fornulation, wherein said protective |ayer is distal
to said pwefosceob8rticle, wherein said photol um nescentpclmgsgcjosjosgopg oxi mal
to said preformed article, and wherejn said protective Laﬁ ﬂ&gs an_FT of
at |east 95% Ihhagingafal these Rduetibbrsae AR suacs asiubeshthe Yiptgrace:
directed &ﬂ}ggsfa'wﬁan ifionfiafiBfiity 0ich tRORYSh ¥ (?@P§Ptﬁ9%o£9ig%‘}§temsﬁiege prRlihqd
conpri sing e steps o taining aperforned article, applying to said

pr ef or meadapt th ohentamod eabé intarface.eThsdndongatibilitymay ibe mcraqspfﬂ by rgsingtheai d

pr ef or ned cle ast _one phqt al um nescent .f or nul at | yi ng
to said BWE"'ICB WG‘@F P*@’ %‘gs?‘ ‘ﬁﬁaéfnﬁ?%%%@?{”\}?“feef?rrrﬁﬁ ?tl%vﬁmg&% Sgl n said
refl ecti ¥R omUSHililySthBre Q%h B@Eas%é)wﬁé‘i'eﬂl 1hE 8 RHePRE ofElet EdRagnehie iRlidliondr Haze
protective layer i's distal to said preforned article, and wherein said

phot ol unbfits dayiet bmy@s h@ Brahyapsubtnedinrsegnieant reduetind iplwninops \nensyer s.

The prefornedartic hefo 1

i ncl ude a pat ﬁﬁ%yres%{‘? lyeﬁ ]O fo‘§98 Qhe% 0%?3%’“%% Fg? g‘%ﬁ&g%%nage, an

out door gmeallyi lpbgﬁﬂerﬁed B&Hedﬁkﬂéctﬂé mwe/hwarmmuemywmo‘aug wnsaneratedut door
| i ghting, an outdoor ornanment, outdoor &ree ngi ng . parﬁ har neI%s mari ne
i tens, amgemmongmstieynits haverhgar MCanosed by fepolymernzation, gs obsughy 4 hat

a ve a
ol 1 by POREEK A PBYIRRER p £ PURRERG BR1OI2P OISk Riin &y fkcnctTbl a2,
arm pr ot paiposes. a knee protector, a shoul der protector, a backboard, a

sports net, r%cregthonal equi prrent, a swinmng pool, a side of a svm' nm ng
pool, the ri ng pool, the bottom of a swi mm ng pool, a holiday

decoration, a(ﬁl?é?@ﬁ&tw@s El!l(fPlQﬁ!“d@fﬂ?I‘éiHltgp 8hd edefédinéiit MAPBE Eﬂf)lo@fe&\/abbaerators
stairway, an individual stair, a sidewalk, a street, a do or a toy

Sel ect i oaredhosgi Snumncﬁéwhwhahmlmg G@ir%ltl@ballSoDV@ﬁme%Q these %uhsngfffﬁb?tt ant to

phos bhor LRt a SRR of Fuiie 583k ep A IE AR PRBRIEET, |,

wi t hin t kinfidtiohahl ot BRARAKT vistRfty tMgmﬂm@mph@tt@awénnasmt can cause
phosphorescent material. This is Inportant ot herwi,se, .the excitation
of the pﬁ%%‘éﬂﬁ&?ﬁ@gﬁ@magﬁﬁtﬂ“e’faﬂwmwaw hgacs; ﬁﬁ?‘gicf‘%‘élm luminQus ptepsifesi r abl e
that the chosen polyneric material should have mnimal inpact on the

| um nous intensity, that is, it should not exhibit any significant

quenchi ng of the photol um nance.

- 20 The following tables and examples are offered to illustrate the present invention and

should not be construed in any way as limiting the scope of this invention.
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Table 2 provides the composition of formulations used in the following examples.

“PF” refers to photoluminescent formulations.
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Other addenda Wt %
as in PF-3

EXAMPLE 1
Three formulations, PF-3, PF-4, and PF-5, were prepared according to Table 2.

Formulation PF-3 was utilized to illustrate the selection of a dispersing agent according to the

selection criteria presented above. Formulation PF-4 was utilized to illustrate the adverse

impact of rheology modifiers/suspending fillers that exist in a solid state in the liquid carrier

medium. Formulation PF-5 was prepared using a different polymeric resin. It will be shown

below that the formulations PF-3, PF-4, and PF-5 prepared according to this invention exhibit

10

below.
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reference for all purposes. Selection O Rheol ogy Mdifiers "Rheol ogy

Modi fiers" are those substances which generally can build viscosity in

| i qui d diwpensiem2kor mul ati ons, thereby retardi ng settl ipog/usboosiogerent
materials while at_the sanme tinme significantly |owering viscosity upon
appli cat EXAMPLESZAND I3 onhance snoot h applicability of such fornul ations
onto articl esphdibRifindstert %ﬂﬁé%s@é@lag/éﬁ&m%ﬁéz%duﬁed FBiedonfth&rcRYElReRS
colloidal silica, or fumag silica, and nagnesium al um num silicate clays,

such as peotoloniinesgem phosphbieseent fovinutatioo pbineddidn &GTGQ, Igdesfchaipeiaggi ng and

i f. | um f. | at i it lied t f d articles,
bt ai 2o 38U IBE RGT Rymrinrscep Profhefei 193r S xinifls 13 RLBEERIR) Of ' ence
pi gment tblufliRSc&H pRosphoRBamP famuRdiohiobta@ted fReR RedySet Glow. [Ratigsds No.

6, 207,077. 1t should be noted that settli ng in the photol um nescent
f or mul at daa fiom the phptelumippscert laxsrnecaressedbrley.t1 0 a filmto forma

phot ol um nescent |layer is undesirable as it will result in a | owering of
| um nous'‘intensity. The conmon practice is to use organically-nodified
bent oni t Eamiséus aensithMengeenétd castor oil, and pol yam de waxes. A

di sadvant age of these substances is that the re mpstly dry solids which
have to be br BHGHOUS ﬁ‘itﬁnsﬂtﬁén?aéﬁ“ﬁ{n@f‘t_séveé%ﬂ?r?‘?‘%ﬁa%‘éﬁn&ﬁ%éH&%Bgﬁaﬁﬁ SEHR/ent s
and gheafetAb&ER Fighd 11N9QE m%albﬁéiinkémy %Jassdrélﬁeu@we&age&mnsags gm under

careful tenperaturecontrol. Failure to observe such tenperatures results in

cryst al | pha@sluimingshentflayer ehedvhitoacflestive sutistrate. Whe whored/dato aregivirpalizeddor o

defects |n the coatin bup al so use scattering and h e eduetion in
Che | uni [eerkEERend Jenchh e B iR Bl Sl PR PR E fluBpRed até
phot ol unprestetor beiyeHbRbhoMBuAREthCTah iNGSat til| &6l Emtion Mickiespscent

| ayers is that they lead to turbidities and haze rather than transparent

coatings, whi Samplss werghaegedihiy|exppergioa 6O wathUiVdyisible light seigee (Ui Wade ent
em ssd ong,.andh in f ] N j ' Si.$f ence.
i 11 onBlS LAEEE, By RHEALER ol NSNS hilbeE ek R I BB, BT e 1
t he cour igervdd iptooihe sMiissipni rseasmihes appakdtes deSaibetlhie Fegure Ab.os 2 ifvhicirculse as
rheology nodifiers_is undesirable. The present invention e oys .pql yneric
ur ea- ur e2PFEHEE (1457 5AvAre (nched) at plggqq,bg,t,\flge © s3Rep Bﬁidﬁtﬁﬁf’? %L§.l§?ﬁa€ cl ass

of rheol Qﬁﬁngpgﬁnt{vie@r{ the %%pQ%nH el RRL ERiRfInANds HeastiRdlovbSa pdidd o

scattering o ectromagneti c radiation, and w thout excessive build up of
Vi scosi t yinutes after exposure. The high gain photometric detector is connected to the IL.1700

20  photometer (International Light, Inc).

_Film Transmission Measurement (“FT”)
Transmission measurement of films coated on clear 5 mil Mylar base were performed
using a Greytag Spectrolino spectrophotometer in reflectance measuring mode. The sample
25  to be analyzed was placed on a white reflective layer and reflectance was measured between
510 and 550 nm. Percent transmission was calculated relative to the transmission of a clear
mylar base without any coated films. .
Photoluminescent phosphorescent formulations of high luminous intensity can only
result from ensuring that the photoluminescent phosphorescent material is uniformly
30  distributed in the liquid carrier medium, does not exhibit agglomeration and settling, either as
a formulation or as a layer on an article. Further, any materials likely to exist in a solid state
in the formulation can scatter electromagnetic radiation, and therefore reduce luminous
intensity. Such materials should therefore be at least minimized, but preferably avoided.

Such materials can be electromagnetic radiation-scattering pigments, such as TiO; or other
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Use of these rheology nodifiers not only mnimzes settling of the dense

pi gnent particle,
appl i ed twopoefmesired articl es,
in nore, uni form

ur ea- ur eftsgAYe calQrasnt pk

resultin

U S. Pat
pur poses.

does not cont Borthe waserisrited gbomes this imversidardogmnetsutiliay ebsompfivegqugment t he

as wel |
hot o) um

{oeghansg

es of, suc

RIS U &1

ddiQr cRy8 ¢, 024, incorporated herein by reference for all
Sel ection of Wetting Agents |f the photol um nescent fornul ation

m ni mzes sagging and runnability of the formul ations as
as assists in | evelriusgoosiolsdseby

escent | ayers. a ]
SRR tolo P67 Gepeidiaa Tl Bt and

surface of, the.resulting |ayer upon application to an..ar I not be
smoot . THeraGdn Phnahitifssd ThesP Bl BT frfifiididhs \nRid bl iR avy
surface @ytiage dbdor dTphatdldhias@entig@kpHordseerituiyedrer phbhairkbdcnadasresmyt be
finely structured, with a short wave, or_ coarsely structured, with a | ong

wave. Thiagers®y prasessive daygrmempsigingdhopuinggcentBuorescentmatetiels: i s not

vi sual |y appe dng It 3 T o e tly, any
surface str uc?’lilflrte I \sMe] ?ﬁéf&%ﬁ%ﬁ@%ﬁ@%&??ﬁ??ﬁ%t%«% elfcgg? rd gsr?%g%g% %@tp

radi at i orhealogy noagkfiat, ds wellsuke parfeemandeyenhidnang additivgs| aghab vetialg aggetst s ar e
pol y(net h)acryl ates an ol ysi | oxanes, which y,be used as l.evelin

br oDt or SeAPEHOTE AR PR IecIod SOrfé ' BUBe SARETHg Gl qeipaRERc At ilings
genef@l | ¥r SRERIVeReRY ¥ WhdTehMMba InRREsr pIRAbABARYRI K Bitho¥ARE, or el se
pol yet her- or pol yester-nodified polydi nethyl- or polyrethyl al kyl sil oxanes.
In the case of the poly(neth)acrylates, preference is given to the use of

pol ymrammwl acryl ates having an al kyl radical chain

| engt h : | acrylate, 2-ethylhexyl acrylate, or n-butyl
acryl ate, forEgxAp.S &, 5, Bhendd7 aduatel dssibiglomststent hysQMesultrgefoml ecul ar
wei ght s of u&fto 100, 000. The action of all these products is based on

surface fosmulation PEt3 wHb npne)ie wryag dispersing agents.ohablg 3o desgtisngrsant
. iR L ; o g f :
o oy s b el (b b AGE ahinBLOARCRY of SErcER BRI LT eSSy

i ncr easefubyprPabdicngofiDenven| Masdaahuses.ght of these pol yners. A di sadvant age

then, however, is that owwng to this inconpatibility there can be cases
wherein the scattering of electronagnetic radiation or haze of the |ayer

becones high, ther ebyﬁsﬁtﬁlb@emnghg@ﬁtfﬂ;ﬁ@i DGR Tnfenlsityri NOUS
intensity. The presenT ITnvention epplroys branche olyners_conprising a

free-radically or " Example 5 Example 6
Example 4 (Formulation | (Formulation
Elapsed Time | (Formulation Scfe Bel(?w) Sefe Bel(?w) Example 7
After See Below) Dispersing Dispersing Formulation
Cessation of | No Dispersing Agent Agent PF-3
Excitation In Agent Stabilizing Stabilizing
Minutes Stabilizing Additive Additive
Additive DISPERBYK | Tego Disperse
-108 -710
Luminous Luminous Luminous Luminous
Intensity Intensity Intensity Intensity
med/meter’ med/meter’ mcd/meter’ mcd/meter”
2 Minutes 117.31 120.96 128.09 130.47
4 Minutes 61.73 63.38 66.94 68.47
6 Minutes 41.99 43.09 45.49 46.43
8 Minutes 31.74 32.55 34.26 35.03
20 In Example 4, the formulation used is PF-3 minus the addition of any dispersing

agent. In Example 5, the formulation used is PF-3 with the dispersing agent being

DISPEWRBYK -108. In Example 6, the formulation used is PF-3 with the dispersing agent

being Tego Disperse -710.
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lonically polynerized base nol ecul e into which nonoethyl enically
unsat urated macronononeri c units have been incorporated by
copol ynerwpaveanso2Exanpl es of such pol yners may be founecirnustboSo4deas ent No.

6, 710, 127, ingcorporated herein, by refer ur.pases. her .
Addi ] ves Ot o bt Uen kel ReENSPEREVIC] o8 RRURGE R3malliiEas in
enpl oy edy,RARAfREE BF thelsBRERI PHEPhBN TASPRRBYK-TBM LA ZCule i & Rinfigslsai I .

Def oaners are those "substances that allow easier dissipation of entrained
ai r. Depitatisity gaipofi appreximately il d)s cempared & thy cessevheseimmotisnsringreephis

resul tant wi $CQSIt a.sianif] t LS | -quse
scatteri Hsé: oit S@P%lgt re&%eéfntg?tl ko ﬁa iné)? F%ﬁﬂé%g%ta?%%désg{%}%ﬁ#sg’gﬁéﬁ fegﬁll&idﬁlﬂl um nous
i nt ensi t padly Bgelbaklagdi prepdratine s Eaadtheughipll ebthasedigfc@nasdeduted it ust rat e t he
present invention_ and shoul d notm%ﬁ construed ] as limting the

. : J.n any .
scope of farmulatippsy, at loskedrnpforr vigyallp haymiepssd-Aitferences ip gimigaus pikasiBat er i al

type, cowrﬁpg#ﬁy g@azglgr'%grl,l and supplier of materials suitable for use in
the inve 5 - i al Sourcing Table 2 provides the conposition
of fornmul at i oBsamilesi8j % 10handf Wl drobised ooxphniol@sinesdent layers egsylting formulation
phot ol unjpescent fornulatiaqns,Table 2. - Conposjtijon_of Formil atiaons EXAVPLE
i eo PhrhpidaRe m pacls 3 Fped odpiesssaeing st ARt o

Tabl g 2. 1 /5Ano%Y igfeh Oy x%gal?ing\’ﬁ%nwhb biZemthtSlofy megifledd/QishdrRiinetingt tanedbt a

di spersing agent according to the selection criteria presented above.

For nul at irothe Bpliddstata dn theiliquicbenrtier medivmst Mg begimby dasi dresentingsfalst of rheol ogy

nodi fi er s/ suspendi fill.e t hat I i | { | lqui d
carrier I&Fﬂ%lv‘g'o&ﬁ-ﬁ Idﬁﬁailgﬁgyﬁg 5 %@“E?@B&Pg‘ﬁﬂ? ﬁlge%atﬂ%tﬁ}l#@]roteugﬁ tlf)‘i‘)sﬁ‘g"/’ meric
resin. | HatwigbherfBy SivkWhe BEldaw dnddienddeanfservinak atusefnbgiRlle for sBicering alredldgy- 5

prepared according to this invention exhibit significantly higher |um nous
I nt ensi tgﬂ.Od 2 fromthese three fornulations are presented bel ow. EXAMPLES
2 AND: 13 Phot ol um nescent phosphorescent |ayer of Exanple 2 resulted from

commer ci al green phot ol um nescent phosphorescent fornul ati on obtained from
ACTCO, Ltd. ofTakde #eilmpact of Light Scattering Rheology Modifiers On Film Transmission
Rheology Rheology Rheology Rheology
Modifier Modifier Modifier Modifier
BYK-410 Garamite Silica Alumina at 5%
Transmission
Thm“gthﬂnl\f‘l Thick | g9 10 94.17% 95.38% 94.17%
(FT %)
20 Table 5 — Impact of Light Scattering Rheology Modifiers On Luminous Intensity
Example 10 Example 11
. Example 8 Example.9 (Formulation | (Formulation
Elapsed Time PF-4 (Formulation
. See Note See Note
After Formulation See Note Below) Below) Below)
Cessation of Rheology Rheology
o . . Rheology Rheology
Excitation In Modifier Modifier . .
. ) Modifier Modifier
Minutes BYK-410 Garamite oye .
d/m? d/m? Silica Alumina
(med/m’) (med/m’) (mcd/mz) (mcd/mz)
2 Minutes 162.77 145.47 142.36 134.53
4 Minutes 84.92 75.85 74.00 69.06
6 Minutes 58.00 51.51 50.18 46.79
8 Minutes 44.00 39.06 38.00 35.28
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Tai wan. The phot ol um nescent phosphorescent |ayer of Exanple 13 resulted
from phot ol um nescent phosphorescent formnul ati on obtai ned from Ready Set

G ow. Lumyoauss/ided2e from t he photol um nescent | ayers arecprgs@siogshspel ow.
Lum nous Intensity surenment Lum npus Ln Sit r nt s re

per f or med accB’r%ﬁ"\‘i‘t}’l\(gg 'k!‘ﬁgorﬂb’é%oﬁt‘ﬁ%é)'é@ts ”htﬁ'ge‘g'&ﬁ/f%ﬁé#h‘ﬁgﬁ)ﬁﬂlﬁemafcedﬁye

| unmi nousghALERTIYat BBASH EERIE SYRMEmACH | PiiRAAT TRx dh Exdfipher); @t | ayer
on a white reflective substrate. The reported data are nornalized for |ayer

t hi cknesfrankitine nses is ehin Pegoyithettie BOK #d0 eing remaded by hea fesvsnt Gabosil
ncdVnet e r resent ed faqr..a . Of - ) Lach (a
T ops 7Tl P EnpaRisddet B I ARANGARE A A0 AR (2 600
vat t 4V/ \ipfickd By hlugliha 6a14& 6om(ANa Wash at BPa(I0050).1 ght i ng, Los Angel es, CA)
for 10 m nutes. The sanples were then immediately inserted.into the

eni ssi on measlicpmbe sgapdrem dablgddbat jemeasyramets. dhat 13, ranymisHam MEASUGMERs
aper at ur y | ' ect or
W th a 194 B IS e e R R ey R TR it eriE
measur edadiigvesaTlpielis wdidafed 30 Tabla Gtvath ameasurengo obiL.emindve Ihteggitygddepending

hotonetri ¢ detector is cqnnected to.the | L1700 .phot onet er nt er,nat i,onal
P ohe 1 e he SR et i QeTTERC L LGNS RSt ARG RTEFL S bR 20 onant

of fid mMRabeeoRse, GH&Rbn Bf HigheMMRLATEP MRS PAS £ WRIll 18 tdgven deét ag
Spectrol 1 no spectrophotoneter in reflectance neasuring node. The sanple to

be anal ylosstswas pl aced on a white reflective | ayer and refl ectance was
measur ed between 510 and 550 nm Percent transm ssion was cal cul ated
relative to the transm ssion of a clear nylar base w thout any coated
films. PERXANIPOESES@SANDNPsphorescent fornul ations of high | um nous
intensity can _only result from ensuri n? t hat the phot.ol um nescent .
phosphor escenEx#raples P o8> and 12 llysyaieiRpolwpinessgnblormplatiges aceqiding todhisi or

medi HO8Si kSR With ¢ rW&tafn? sdtombr Tréiélrhgﬁli@d.titohy_ as a.
formil ation oF a8 a | ayer on an article. Further, -any materials likely to
exist in a solid state in the formnmulation can scatter el ectromagnetic

radi ati on, _and therefore re ce,Ium'ln us. i si.ty. .Such ter'hals st}ould
therefore Mh&ﬂmﬂ's G50 tolpgupeseent Thosphorescen
Lavyers According to this Invention with Commercial Materials

Elapsed Example 2 Example 13
Time After Example. 3 Example. 8 | Example .12 Commercial | Commercial
. Formulation | Formulation | Formulation . .
Cessation of Formulation | Formulation
e s PF-3 PF-3 PF-5 . .
Excitation d/ 2) (med /m?) (mcd /mz) Ready Set China Paint
In Minutes (med/m Glo (med/m?)
(mcd/mz)
2 Minutes 130.47 162.77 172.39 81.02 81.27
4 Minutes 68.47 84.92 89.30 41.59 42.45
6 Minutes 46.43 58.00 60.00 28.18 28.73
8 Minutes 35.03 44.00 45.07 21.25 21.76

20
Thus, our first object in the preparation of photoluminescent materials is to select the
polymeric resin and its solvent system together with the dispersants, rheology modifier and
wetting agent (comprising the stabilizing additive package), to be used for creating a uniform
homogeneous photoluminescent phosphorescent particle liquid dispersion, such that when all
25  of these materials, that is the polymeric resin and its solvent system together with the
stabilizing additives are coated onto a 50 micron transparent film, they are characterized by a

visible electromagnetic radiation transmission of greater than 95%.
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Such materials can be el ectromagnetic radi ation-scattering pignents, such
as Ti O or otherabsorptive col orant pignents to enhance daylight color, or

suspendi ngofddmb@gsuch as silica powder or clays, etc. pE@rusbéB/ oi3SONS

cited above, i S invention doe ot ,uti.lize absorptive pi nt_.col nts

i n phot ol uni nterg’EB?ﬁt SEﬂRd§H’n%ﬁng¥@§ﬂlrﬁ’ef &8]1"3{’168‘%?&?5‘6‘% %F?c?n%gwtg?t pé’r‘fﬁ%ﬁce
daytime goineniqfd rﬁﬁ@&rek%ﬂﬁﬁg9atym@hi@séﬁnom’ﬁmvdnamt@nmgahmwﬁmm nescent
fluorescent |ayers or protective |ayers conprising photol un nescent

f | uor esc etabiliztngadidisives desgribereabeye andegislovpagitagien. cProRsH selegian qfzheng
additives, s s. dj. r .S, . I [y .

per  or et AR R TR BB RoOR e RS0 Ot RAE Eliof ST IR BISORL
are sgl egph&phorsast particlen uidez ¢os sladat end cup swbcesbfatly cramgndispasipatieadf on and
use of excessive energy.so that |um nous . intensit fof hot ol uHi nes&e t

| ayer i sagglematatien andyhjgbd rgsult ind n%&é%?%é rmygatigns apg 3s 9PRE pased
on phot 0'8Hﬂ?5'd?€c‘i&e®hh Ll%/ﬁefc&nesﬁ%ﬁ hdVind KigRYREMkPAS R bedRboid Rilngss to
varying dispersing agents. Tabl'e 3 provides dispersant selection data for
maxi m zi ngultiumphaokimingseersiobjectsfof ighr lominaquis o ety ap sewein Examplasdd8iapdsun Up
Product s gf Danvers, Massachusetts. Table 3 - Dispersing Agent I|npact On
Lumi nous !#nt ensi ty In Exanple 4, the fornmulation used is PF-3 m nus the
addi §j0on 13k of PHoOISRRTeSE NS FhESHEcerd b IR¢AGRE Eubind el nftxisityl anidi Rersisteade | S
PF-3 wit R the disperstng agent bel ng DI SPEWRBYK -108. In Exanple 6, the
fornul ati on udéhdvs fpmdthas when ¢rstain Rissolumingseans frotsesing mptsg@lsildisar se

-710. Thus,.Lt, gan e | . in a
sral 1 nr s BB Bk HAhAD pSp s SR R ol O R R B
180 can mBsoiption ¢f photolirhinesteni pticsplsortscentanatedils, apprisiighptestly inldf/inaaspar ed
to the case wherein no dispersing agent is used . It should be noted that
we have mdtheldumBlove sty f or di spersants which resulted in badly

aggl rat ed j j Absnd RsHé ted in
ormrat; ons Phenraai@RRorcEel BRIRI RS sl dange Bh SRAIE0n bind e

| umi nous rangeei$bs Yo 4EDGVAEESD tBough marfy, exalDichisoEregphchsasgunidght have adeguate ar e

Tabi e 2. crgxd HmreensLheLoeh st o hdpund Tl bf uple ki ipedpodfiaret °e 17

Photoluminescent fluorescent materials, such as described above, results in emissions of

higher intensity.

20 It appears that the use of UV absorbers that absorb the shorter wavelength UV
spectrum to reemit in the longer wavelength UV spectrum, thereby resulting in a greater
amount of the photoluminescent phosphorescent material excitation energy in the longer

- wavelengths, in turn may result in greater efficiency of emission with a corresponding

increase in luminous intensity and persistence.

25
EXAMPLE 14
Example 14 is a photoluminescent layer resulting from the incorporation of a
photoluminescent fluorescent material in formulation PF-3.
30
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| um nous intensity resulting fromthe use of rheol ogy nodifiers/suspendi ng
fillers that exist in the solid state in the liquid carrier nmedium W

begi n by worsdeq@vesenting filmtransmssivity (FT) datapcmukads@eehso Ve Wi | |
t hen show in Table 5 that Iurri nous |,nte[13|ty_ dat a enerll track the FT
data and hekdk 3 FifationzAlfering Fsgigterial

modi fi efSga) g&jf“{}e | npg@,{,pgf;; Li ghtE,§ 15 ¢41 ng Rheol ogv |Vbd| fiers On|Film
Transm s afgpc ‘:]?%PS ‘Fl) patmgf hl $0Fm herii ng Rheol ogv Modifiers On

Lumi nous E;&gpaﬁlo ﬁlﬂ at| O'”Ph'ét%ﬂl e?&:n FllPo'l:'es%em h the
BYK- 410 g ed b rﬂmt tlha%daﬁo source PAeer (He hern C ay
Product 5 of I n Ex R 10, t on use |s as 1n PF-4 with

t he BYK} 410 be| ng replaced by Sil Cab05| | PS-720 at 5% In

Exarrple 111411!'1(3 formul ation used %a%r‘ fh t he BYK-410 hej Ag rnnl a_'ed by
al um naj oxi2ddinufesm A f a Ad847 at 5% (1%5@0m It ca seen { m Tabl e 4
that FT MEgSYIL ukersl”tb’ th 84’7" Lransm%soé)n m—:asure{;\gﬁ Flthgsyry

_non-pho;phorescent pyer as defined above, is la geRsdn¥aiddddopeste@ivet he
i npact pf shelimded tiyes. 4643 is yvalidgtaa in [Table 5 wth a nmeasurenent of
Lum noup—lntensity pending on the additive | t her eoyaceatge@p¥ase in
Luni nous | $tMimitesy of appﬁa&fm&te y betd@n 11 and 20% O course, addition

of hi gher—anounts—as reported T prior art—witt tead to even greater

| osses. 3l 8, and 12 illustrate

phot ol u 5 Tg-to this invention together with
conparati ve exanpl es, of co Tab n of

| |
Lum nous | nt ehBs expissionsplor 8 %%b@g%@ﬁi%eﬁ%g@%ﬁgﬁ@%mﬁgw%p&ng%w% gto
this Invg 'f@réd)?y ﬂktaladﬁamrc&%a% ﬂ'ﬁ@fe@&h@bcﬁnﬂ_&wﬁs tPthE phbﬁoﬂmﬁ@écﬁﬁtt in the

preparation o otol uninescent naterfals is to sefect the polynmeric resin
and its plndsphm‘escs:ytshawndrd)@&tehnotevm\teﬁaydmbdveslpeKS}antO@ertteheﬁthﬁgy werdsdinger and

wetting ent ri lizin itive acka e sed for
creating® ‘g“ ﬁtdﬁﬁbg‘??égas 18? ﬁYﬁr%’é’gg'éeﬁPeﬁ mﬁsgr es(}cf’eﬂﬁet ph OQEIF |urcl e
liquid thﬁﬁﬂh@@uo&b‘&Hg E&ﬂboﬂiﬂl@'ﬁa@é hirfhal dpR6eal ABE ﬂl(&ﬂ i thé hx’gﬁori ia wheee
polynmeric resin and its solvent systemtogether with the stabilizing

addi 19 vetheahesphoathateesntidgure $3Arshews fhetamipagmsnsaira pf thephetelynigpseent

char act ©bh ospgoreycegt layers resulting from PF-4 formulations with and without the addition of

emission color altering fluorescing compounds.
Similarly, Figure 12B shows the emission spectra of the photoluminescent
phosphorescent layers resulting from PF-4 formulations wherein the photoluminescent
15  phosphorescent material H-13 is substituted by H-14, with and without the addition of
emission color altering fluorescing compounds
Referring to Figure 12, in the first graph, FIG. 12A, the green phosphor emission of
photoluminescent layer, curve (1), can be shifted to yellow or light orange by adding 0.005%
w/w% (on photoluminescent phosphorescent material) rhodamine 6G to Formulation PF-4,
20  curves (2) and (3), respectively. The net color emission is a result of the combined emissions
of the fluorescent compound and any remaining emission (not absorbed by the fluorescent
compound) of the phosphorescent material. Curve (4) is the emission curve for a
photoluminescent phosphorescent layer resulting from addition of 0.015% w/w% (on
photluminescent phosphorescent material) sulfarhodamine B to Formulation PF-4, and curve
25  (5)is the emission of a photoluminescent phosphorescent layer resulting from addition of

0.024% w/w% (on photoluminescent phosphorescent material) rhodamine 6G and 0.006%
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vi si bl e el ectromagnetic radiation transm ssion of greater than 95% The next
step is to gently add the photol um nescent phosphorescent pignent powder to
t he | i quiwornosiasp@sconpri sing polyneric resin and its s®CTAIs2008psd0a9m

together with tabilj zi ddi t bves .described above under slow.

gl tat | ot Wa s iameduiisds fLbfafiEfion PEAT B FRIRrERTES clBbrlr RRhink ne
criteri ogndheaqidn oRMgEatipetliveyld the addition of photol um nescent
phosphorescent particles under | ow shear one can successfully create a

di spersi on fr Agaiofrefsginetodilar 1 3T 16n H2Bwhaws the impacs sddition AT pRSplumiRgsEs
intensity fornmul atjons a . anpl i . LGl i f nce

| ayer hadPoigrRbiBR ot Ry AER oL E ButBl R sl 16l RShtAg
phot o§ unfromsfoaniiladbn PEUswith phosphorestehtnmugriniil ddsubstitaied beéh14n Exanpl es 3,
8, and 12. Use of Photol um nescent Fluorescers to Increase Lum nous
Intensity and Persistence W have found that when certai n Photol um nescent

fluor esci)ﬁgtoig;ce_grtiaﬁillﬁ_x ()H’Bﬁf'?)lu#me?@en@pﬁﬂfr %@@to%ﬁg{%ﬁﬁg Radididh their
enm SSI on absorptiron o

phot ol um nescept osphor es t ter) al st hal i n
Pncrease i hge PRASHBUSEERT SHor 5T pRungd YoBirkd I e GRY Moty

mat e[ al mrapigand parsiievee afphxdliuhiicsant plassghomwsdehitmarrigle cad b3&bj¢awtet00 nm
Even t hough many excitation sources such as sunlight have adequate ehnergy
inthis p@é@kymeﬁ‘?grﬁfiatmsaném agditianpldy rrgmire thsuisa of Rbetostakulizs I relpsd fhe

i ncor por af i 0f um nescent fluorescent materials, such as described
above, rgfs“tt?{}ggidﬁgg%tggi ons of higher intensity. It appears that the use of
UV absor bers fThafolkisdng propheticséxampas, Ael)cleargt hilwwatsgbe invemtianowitke eggatd i n

t he | onger wayel ength UV spectr thereby resulting in a greater nt of
the phot & SH a8 derihoisemgharsaiahs bhp BT e <Se updresh < Bmep G 7 s R

| onges wgyRleengths, in turn may result in greater efficiency of em ssion

with a corresponding increase in lumnous intensity and persistence.
EXAVPLE 14 Ex#ixpinplelA i s a photol um nescent |ayer resulting fromthe

pr g Tobre o 10 Al BATRP T ARSI crALSGRE S I B eonh haliSH Fhtuihing”
Fl uor escentwibhtd thd MhorEstimsioatpotal - KbRankthgstiilbenane evill réduice by 80% the

photodegradation of said fluorescing compound arising from 10,000 foot candle solar

20  exposure for 48 hours.

Example B
The addition of Chimassorb 2020 (HALS) (1-3 wt%) to a PF-4 formulation

containing 0.5 wt% of the fluorescing compound coumarin 120 will reduce by 25% the
photodegradation of said fluorescing compound arising from 10,000 foot candle solar
25  exposure for 48 hours.
Example C
The addition of Chimmassorb 2020 (HALS) plus the addition of 0.01 to 0.1 wt% of a
UV absorber of either the benzotriazole, benzophenone, or hydroxyphenyl triazine class to a
PF-4 formulation containing 0.5 wt% of the fluorescing compound coumarin 120 will reduce
30 by 50% the photodegradation of said compound arising from 10,000 foot candle solar
exposure for 48 hours.
Example D
The addition of a 0.01 to 0.1 wt% of a UV absorber of either the benzotriazole,

benzophenone, or hydroxyphenyl triazine class to a PF-4 formulation containing 0.05 wt% of
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The em ssion color of the photol um nescent phosphorescent |ayers or objects
can be altered by the addition of certain fluorescing conpounds to the
phot ol umwee@nso@ERosphor escent | ayer or to the protectipce/usagsni@bove it.

| f th f ' ds. i hei -
abvor pt 1 B BB apeoERuulk 3 AR GORERH L3y 3Rk ook BRAIAY of

f 1 uor escig@csapRAMRFSingarEn 1000080t S@eKé solhr expsarPforas Hoarst he region in

where the phosphor charges. Figure 12A shows the emn ssion spectra of the
phot ol urTEQMMEbsphor escent layers resulting fromPF-4 fornul ations

with and without the addition of em ssion color altering fluorescing
conpdunds. Si Thé brightnesFiofj theephdRBursinoseent plosphriresentiaygréca functien thge

phot ol um nescent osphoresce I rs_resul ti. fr PE-4 f{orjrul at.i ons
Rher i n RECARG bR Heck R ohiBF aisEe MHifts PARSRa LR o by
H 14, V\dstagpﬁéaitowiréa‘ﬂ@&lbhétbﬁmﬂﬂ@b’bédt%ye@f ARYIS Sirfides @InOfarpviddly fighéik uor esci ng
conpounds Referring to Figure 12, in the first graph | G 12A, the green

phosphor prepersies ad esh residt ioIsignificastehsorntiep oF miigrue retletioneferpiasian it 8d t o
yel l ow or_ |J.gh ddj 0 4: h v
phosphor'é]sc%:dénthﬁ%{ gdrllggal %Eyfragedg];ﬁr%gcﬁgat%g%tf% orc%’?ghly PgﬁhBE@ ljaggcﬁ%ﬁegse O(f 2) and
(3), 10 espignblurihascent migtiin and ohichris g-h appliesl isa phstolimiaéscemephosphoreseent

em ssions of the fluorescent ¢ ound and any renrai ning em ssion (not

absor bedlaygr ¢ardhen WM&@?N‘*@%H@PS YHeRsHE phosphor escent material . Curve

(4) i's the emgsl QRARGHE tﬁ@fn&ﬁor&ﬂpﬁﬁ L HERE SHec RIORPACE BRCGENEcthRYGH

resulting fromaddition of 0.015% w w% (‘on phot | um neScent phosphorescent
mat er i al heswivenpthdegionevhBre the Bhotnlvngnésoent Plosphozascent laygeerpBy. Insgenpral,

em ssion_of ,a phot ol unmi nescent sphaor es t d.ayer. resulti from addition
of 0. 0o T ReIHOL Beanr e RRep Aaa no red B RalTR Py heriGiRd 6

and {5 00654 o sadidtamhenard the rdfleBvd AR 1aihe oeldetivé laydhnefle@s U00%Nng tiyn ssi on
colors are light pink and reddi sh orange, respectively. Again referring to

FIG 12, emission from tisphetolwminesasacrhosphiirescent layerghe nef apnsnes iashing theor escent
N O .
Tosul t | ngiefrenile 5 Toi% SuRlne P iRbbuE RERGE MosB BRAP RALEREE N ™)

subst i t utefidctdye lhyer kéfledRN@@If yid eniSkiad frbint tie photPhmiinéscentiphsshotestdmdayescer s
Al Exciti iati Th h L um I
tsg| ect ggt}p@%{g‘;{hg%eg?%qg}n{ggaq Y]ig}eygrp wgltll(()i bléI r%10‘I%e(%%?/on;[ad}catigrol reggt(t:eednc}ire%&r'rgto t Q ds

20  viewer + 0% reflected by the reflected layer). If the reflective layer reflects 50% of the
emission, the net emission reaching the viewer is 75% (50% directly emitted at the viewer +
0.5 * 50% reflected or 25%). Table 8, below, shows net impact of reflective layer reflectance

on net emission reaching the viewer.

25 Table 8 — Net Impact of Reflective Layer Reflectance On Net Emission Reaching the Viewer
Reflective Layer % Emission Net Emission Total Emission
Reflectance From Reflective Emitted Direcly at reaching viewer
Layer Viewer
100% 50% 50% 100%
75% 37.5% 50% 87.5%
50% 25% 50% 75%
25% 12.5% 50% 62.5%
0% 0% 50% 50%

To illustrate this, a photoluminescent phosphorescent layer coated on a clear base was

placed on top of reflective layers of different colors (based on the MacBeth Color Checker)
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intensity and persistence of photol um nescent phosphorescent materials can
be subject to photol ytic degradation and may additionally require the use
of phot oswehvddoees2s to retard the photolytic degradatiOQCTﬁh@mkmhapmjng

propheti c exanpl es,
the namléa@rgwaﬂ HERYIe
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benzophepesieluntitiestotd lpﬁéis)pﬂlb&@gént Iayemiamm od ﬁteswltlm raﬂeREvé ldéyer.nTihatableralso

y 25% t he phot odegradati on
ctiye tymsound arising from 10,000 foot candl e solar exposure

?#$#ﬂ£3 pl us the

e benzotriazol e,

containing 0.5 wt % of the quore und,counarin1éﬁo mﬁlh re@yﬁe by
50% t he PIOYSTReYr BasetpRas thet ig Setehied RSP UEYR AlgheBlrsPaRk WRiISRdl e
SOlU\/[O eXka H§e‘3t{)8fed eﬁ%o?x%%él@ﬁmﬁtpem%?gﬁbfo'r%epf a 0.01 to 0.1 wt % of
absorber of "either the benzotriazol e, benzophénone, or hydroxyphenyl

triazine class to a PF-4 fornmulation containing 0.05 wt% ofthe fluorescing
conpound niTe blJe perchiforate will redlice by 50%t he photodegraddthon af
sai d confpound ari|sivakjtd r prgrdéh D(O0gfeent2 ¢agredre3 Sobkck exmagenta | foyan 48b ?rtlrs.
Refl ectijve Layer |The bright ness |of the photol uni nescent phosphore<c%n
| ayer is[ aAetuactijon the

Emission | 105000, | 81.08% | 62.32% | 63.17% |52.14% | 55.73% | 489 | 8354%

% relative %

to White /

15

20

The objective in choosing an appropriate reflective layer to be used for a given

photoluminescent phosphorescent layer is of course, maximize the luminous intensity but

also to permit flexibility of reflective layer colors. Given this objective, for reflective layers

according to this invention, the goal is to have a total emission greater than 80% relative to

that of a white reflectance layer as defined above. It can then be seen from the table above

that for the photoluminescent formulation selected (PF-4), this is achieved for reflective

layers that are white, green one, and bluish green.
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refl ectance of the underlying surface of the article to which a

phot ol um nescent fornulation is applied to create a photol um nescent | ayer.
Article swofeeasoan vary widely in their properties an®#Crars20088woBo i n
significant absorption or mnimumreflection of em ssion that is incidient
upon SUWHATIS'¢BAEMEINES:creation of a reflective layer with high

refl ectance of photol um nescent em ssion onto which is then applied is a
phot ol um nescent phosphorescent |ayer can then serve to ensure high

| umi nous i nt §NtiotfumMeb@nbRERULt6ALbMpridi® | Mportant property of the
reflective layer 1s the reflectance in the wavel ength regi on where the
phot ol um nescent fahos paroeféestive amonytcf phaiolwmningsee gphorescpt materials;

phot ol um nescent &hospl}gre ceqt I.(gxaer. em i131m50% of its radiation toward the
viever and 50% of Wt s FAABYTOMYOTHIE PREWaf | ective layer. If the
reflective |ayer (gfl egtlgasiBpdpslimehierssin; asd on from the photol um nescent
phosphorescent |ayer, the net em ssion reachi Eagfit'he vi ew woul d be 100%

assuni ng no ot her (d)ossadeastere fsmplayor spbidising@dditiei ng. I1f the reflective

| ayer reflec o LSS FNESREAT HRhQr escent
| ayer, the ngﬁ elglrﬁ? Sgisdl %ﬁr???lgg%%?%eg@? &%Sg\% lrgv\pcgp pl&g%ﬁbgl%@%%g}?{(h%g??adi ation
em tted direwaithin said folrauldtienyarheteif tharefleaotadditiopalithatenias ket arecibbarptivy . | f

the reflective |layer reflect 0% of .the e si.on,, the .net, em ssi,on
r eatthi ng thecﬁP@RgP‘gmm?S%d(@ﬁgﬁrd%’l?eé@PIs?dépﬁlbf {zing 44ditveds PPLifasolidg 5 5004

reflected or ,25%ate ol @ Bid IRRli@WarriehR¥GuRSt | npact of reflective |ayer
refl ectance on net emssion reaching the viewer. Table 8 - Net Imact of
Refl ective La er Reflectance On Net Em ssion Reachin the Viewer To

illustrate thisg, hot ol um nescent phasphorescent | ayer coated on a clear
base Wazl pl agég‘%ﬂu‘gﬂlﬁscﬁpyfgé?’flga@f)fl\? IBP%@I@%’S of different colors (based on
the MacBet h Col or (Fheckeeffestide bhRunedf phoiohahinescersplvepleiresedntasateridlsnct i on

of the reflective color. The follow ng graph shows the refl ectance spectra
of the col ors evafllat e# lqaseorghiquid sHTIEUMGHUMSr t he phot ol uni nescent
phosphorescent |ayer c kA : : phor is overlayed on the graph,
FIG 13A to ill ugcﬁrat gﬂtgﬁslémrlé; ?lgrr?g\{/bﬁgérgggﬁﬁ%h refl ectance i s nost
inmportant. FIG 1@B shemsast bee fmnskition sepBizingaadditivehe phot ol um nescent

phosphorescent layer with di.fferent colored reflective .l.ayers. Th

following ta ér,e"%ﬂﬁ ﬁf‘%&umﬁﬁgef? Il?hosé’gf"iﬁ’é‘fenf W@&&P[étaé%u@m%ﬁ?' gﬁtrﬁ}u?e[dhe

phot ol um nes Rﬁrptn ARPRPNALESE SMertiAYRire hR!RtddRiohel thieridk il afeefbseptivy e
a

| ayer. The t e al so . , N .
20 colorant pigments, wherein said formulation stabilizing additive comprises a

dispersing agent and a rheology modifier, and further wherein said stabilizing additive

is not in a solid particulate state in said liquid carrier medium.

3. The photoluminescent formulation of Claims 1 or Claim 2, wherein said
25 photoluminescent phosphorescent materials are not radioactive and are not metal

sulfide-type materials.

4. The photoluminescent formulation of Claim 1 or Claim 2, wherein said
photoluminescent phosphorescent materials are selected from the group consisting of
30 alkaline-earth aluminates, alkaline-earth silicates, alkaline-earth aluminosillicates, and

combinations thereof.
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shows the %reflectance that is weighted based on the em ssion curve of the
phosphor which was used to predict emssion %relative to the white

ref | ect orwbay@yocookBe obj ective in choosi ng an appropri arernshésotdose | ayer
to be used for a given photol um nescent phosphorescent |ayer is of course,
maxi m z& t heThaphdicluminestan sormpldsion odiClaint 4 vaerein saifl phriobirhinesgentf
reflective | ayer colors. G.ven this ob%iecl'ili ve, fo({:i re(ihective | ayer.s
accor di ng t oPR9SPROTESFERLPRSHaIS pprangighexidgalpmindicsactvatgd BY cuopn) reat er
than 80%r el ﬁﬁit‘b’ﬁeEQ—aEt}i‘@étox‘%fele@tveHMtHeg{'Jnﬂ?éd&Bﬁﬁné av@yspasiviigiladipghualove. |t
can then be seen fromthe table above that for the photol um nescent

for mul at i on essiver praseodpmium, necdymium; samatiemegrdobiniumholeimy rbiver s t hat
are ite, green one,,and,hlui sh.green T . S 1. .
photl uni 1 e B FHmy Yerhitay i‘@%“%’ﬁ#ﬂg e gpes ’aa)“h?hsgé‘ﬁ#"g‘[‘g iv\//}grea#ns)ﬂ@tm%?l s

phot ol um nesg@Nér b HPREEREGE Rhlcitmt, anagiesium( bid biridneast one liquid carrier
medi um (c) at |east one polyneric resin; and (d) at |east one fornulation
stabilizing additive, wherein said photol um nescent phosphorescent

materiafs ar?hé'lgl:lcftgl'hmiﬁfesg‘%rﬁtfériﬁgtﬁtﬁﬂ oMt b 5@&@&&1@'( WkRI 9d pdREREN there

are no addition materials are absorptive colorant pigments, and
further wherisim isa¢lected frbinl the grogp adukistingefiasrytests, polysingbthlarigesy t i cul at e

t [ idliqyid i di . A phot,ol um t f | ati
combt i st ng. . pelyudihsdys Bebrho RGN R EHsEoPY tPRELBERS BHSSbhor escent
materials; (b) at least one liquid carrier nedium (c) at |east one

polymeric resin; and (d) at |east one fornmulation stabilizing additive,
wher ei n7sai dThéphasplumingssens fernptiasionind ek eanel Glaires B whatein spd polymesjc

distributed within said.formulation, . r i h LI ional
material s thit ar 8618‘%5(%?8?5 t\%g’?’é‘f’o?"ésﬁ%%OEn%ﬁ’%‘%;%E\?ﬁ%’m’?ﬂ%?g"?‘ E%’or nul ati on
stabi | i zi ng pelgfinfethefies; pORCArbOSates, dhdpely&sitdty, andenimbandons theeof.ogy nodifier,

and further wherein sald stabilizing additive is not in a solid particulate
stal® in said liquid carrier nedium

8. The photoluminescent formulation of Claim 7, wherein said formulation stabilizing
additive is a dispersanf selected from the group consisting of acrylic acid-acrylamide
polymers, or salts of amine functional compound and acid, hydroxyfunctional

carboxylic acid esters with pigment affinity groups, and combinations thereof.

20
9. The photoluminescent formulation of Claim 7, wherein said formulation stabilizing
additive is a polymeric urea urethane.
10.  The photoluminescent formulation of Claim 7, wherein said stabilizing additive
25 further comprises a performance-enhancing additive that is a wetting agent.
11.  The photoluminescent formulation of Claim 10, wherein said formulation has an FT
of at least 95.0%.
30
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3. The phot ol um nescent fornulation of Clainms 1 or Claim2, wherein said
phot ol um nescent phosphorescent materials are not radioactive and are not
met al sulwodesdaspsmat eri al s. 4. The phot ol unm nescent f ecnrusadosomsoed C ai m
1 or daim2, wherein said photol um nescent phosphorescent materials are
sel ect et.f r oThé pleotglumipescan Soratulatpnaff Claikal ¢ oreClaan tl b, whersinrsaidelispersing

al kaline-earth sjlicates, alkaline-earth um.nosi|licate nd
conbi nat i onsa&el‘?é’rséélfe?“_ﬁg frpm the E5uR ‘iﬂ‘??‘ﬁ%%%%‘lrﬂcrxll?rarﬂfj_'ﬁ“tr?'@ﬁn%f p@'rgﬂ% ¥
wher ei n sai dg Rk Ani{H MRSESEAI ccﬂﬁkﬂﬁlﬂg92?§c|91Gmydﬁr&@y%ﬂc@ibﬁal%!éﬂ)oﬂ?lli@&ci@Xi de

al um nates activated by europi um an east one co-activator selected
from the groesterswithi mgmeny affinityygronpes andsormbinaticns thgreefewherginpraidsdeolpay um

neodym um samard um doli.ni u | M um bi um_ .t hul i . ium
lutetium ti W@@ﬁ&aﬁ@%‘?eﬂﬁﬁwﬁi §e’2§% ’,anéinf&f%\f/]\ﬂe‘?'g%rﬁm g g‘ldcfy gn%rt]%%éel%g Rone or
nore of strogdlécun frémlied pdup 0BERRE WipoBathebsiloxdne cdpolyhiids,ploatiohium nescent
formulation of Caim1 or CFai m 2, wherein said polyneric resin is selected
from the grooigarissyifactanis apf campipatierssthersef.yvi nyl chl ori des, pol yur et hanes,
pol ycar bonat es, and pol yesters, and conbi nations thereof. 7. The

phot ol um, nesg¢ent, f.or nul at i f - I; Ln said

pol yneritT reiﬁ%plilosmlélg}l%%f%ngrt}?r&o%ﬁp%e&g'tﬁ %8{)1(?@@@?‘%‘3’ %(%Img?:s%?at es,

pol yyi nyl chpafirfRsce-paiting abdiies thapilaydeaclamnaeameand pol yesters, and
conbi nati ons thereof. 8. The photol um nescent formnulation of Caim?7,
wherein said fornmulation stabilizing additive is a dispersant selected from
the groyp copgl gltn tgﬁmﬁges@&{tg!)hﬁllﬂfanddf@ﬁm PN R r AR s YHR6 MulftiondRk b ;g am ne
functional conpound and aci d, hydroxyfunctional carboxylic acid esters with
pi gment af fi of dtyeagt 9Pkos, and conbi nati ons thereof. 9. The phot ol um nescent
formulation of daim7, wherein said formulation stabilizing additive is a
pol ynmeric urea urethane. 10. The phot ol um nescent fornulation of Caim?7,
whejei nysai drat ghbibivalinGcad dbinigidntdlsim EPEPCIagR Y 4awheeinaiBdigRranhanci ng
additive that is a wetting agent. 11. The photol um nescent formul ation of

d ai m 10, whegesit is ancicitl-acylamida padymp saltsrof mming fuaetionah gempgindgnd acidrhe

phot ol um nesﬁ)(?&}%x;f?l}’l&yoln%f éa%ox(gfflic %i%leg?egsowﬂﬁ p@n&h%flﬁ%ity%p@,‘& sai d

di spersi ng

combinations thereof, wherein said rheology modifier is polymeric urea urethane,
wherein said wetting agent is Polyether siloxane copolymer, non-ionic organic
20 surfactants, or combinations thereof, and further wherein said deaerator/defoamer is

organic modified polysiloxanes with fumed silica.

16.  The photoluminescent formulation of Claim 13 or Claim 14, wherein said

photoluminescent phosphorescent material is H-13, H-14, green phosphor pigment, or

25 blue phosphor pigment, wherein said polymeric resin is NeoCryl B-818, NeoCryl B-
735, NeoCryl B-813, or combinations thereof, wherein said dispersing agent is
DISPERBYK-180, DISPERBYK-181, DISPERBYK-108, or Tego Disperse 710,
wherein said rheology modifier is BYK-410 or BYK-411, wherein said wetting agent
is Tego Wet 270 or Tego Wet 500, and further wherein said deaerator/defoamer is

30 Tego Airex 900.

17.  The photoluminescent formulation of any one of Claims 3-16 and Claim 77, which

further comprises photoluminescent fluorescent materials.
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agent is selected fromthe group consisting of acrylic acid-acryl am de

pol ynmers, or salts of am ne functional conpound and acid, hydroxyfunctional
car boxyl iwoacisheegers with pignment affinity groups, angceasResaidoons

t hereof, wherein said rheology nodifier is a polyneric urea urethane, and

f urt her 1®her Eheplsaoldmirdstént doragdationi of Glailet?, echi¢h fmheheongpreep consi sting of
pol yet her sil oxangaﬁoepol ymers, non-ionic organic surfactants, and

conbi nati onsP '$3. The photol um nescent formul ati on of daim 10,

whi ch further conprises a performance-enhancing additive that is a

deaer at or/ def oaner. 14. The photol um nescent fornul ation of Claim 13,

wher ei n1%ai dThophaiplamivsscend forarlationgsf Glaim Bhet Clagn,l 81 whergipeat least some of

phot ol um nesce 0

di spée)r si ng age@%’hmgfugﬁn‘%%éngQ]élgiesgn?%&%(l) {f%gr(a{a%%?geo lﬁqtﬁlel ?X&g%etnltonal
conpound andflarestentunateeixlyf whatincaal exchtioxalicriag phowhesinescenviltdnespergment
affinity groups, or conbinations thereof, V\ﬁerel n said rhieol o%\é nodi fier is
pol ymeri ¢ ur Batetiplstinerpese tigRmingpsdatepsiealsaid Phatplym nescepbiy@PEP s | oxane
copol ymer, non-ionic organic surfactants, or conbi nations thereof, and
further wherein said deaerator/defoaner is organi ¢ nodi fi ed pol ysil oxanes
with fud®d siThe p}antolllﬁmine'ﬁh@t;ﬁdmudmmniqféﬁ@ient9 fuchemih aaifl phototundinescemt13 or

Clajm 14, wherein s 0 um scent B horesce materlal is H1 3,
H 1% green ﬁﬂ%rgffﬁl} fﬁeﬁﬁ‘gﬁ‘fe n 5P lloﬂénf)aﬁ‘g aﬁleé%e M\wherei n said
polymeric resin is NeoCryl B-8 18, NeoCryl B- 735, NeoCryI B-8 13, or

conbi nati ons thereof, wherein said dispersing agent is DI SPERBYK- 180,

DI SPERB2 kK- 18he pimitsiprrmssyeat fomulgiomu¢dain bper Slaim 18, whereingt feastesomerdfeol ogy
nodifier is i Wet 270
or Tego ver bPianyHinRli Hhofesc it MR RSRE EnfElon B ERbe MRt gAR YL O
900. 17. Thempheiabl whtreisaihémissiomablot-aherimf fluonyscentanateridls ajtergha3- 16 and

Claim 77, which further ses phot ol um nes ent fl uorescent
mat B}ial s. 186m$ﬁ@nﬁa?ﬁtwnuﬂf?§@@@mlumwﬂné BN ¢ a%t?ﬁtﬁezperﬁw%cql?fr t her
conprises phpt &?ﬂ}?&l?éd {o4fis Perceived color prior to addition of said photoluminescent

fluorescent material.

22.  The photoluminescent formulation of Claim 21, wherein said photoluminescent
20 fluorescent materials are in solution in said liquid carrier medium.
23.  The photoluminescent formulation of Claim 19 or Claim 20, which further comprises

photoluminescent fluorescent materials that are emission color-altering fluorescent
materials, wherein said emission color-altering fluorescent materials alter the

25 emiésion spectrum of said photoluminescent formulation to alter the perceived color
as compared to the perceived color prior to addition of said photoluminescent

fluorescent material.

24.  The photoluminescent formulation of Claim 23, wherein said photoluminescent

30 fluorescent materials are in solution in said liquid carrier medium.
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19. The phot ol um nescent fornulation of Claim117 or Caim18, wherein at
| east sone of said photol um nescent fluorescent naterials are

exci t ati owoabdsarsbsrg phot ol unm nescent fl uorescent nateri gcs;usadsiosdons sai d
excitation-altering photol um nescent fluorescent nmaterials increase the

| uni nou®5. nt &he phatolmimisasiceht fomiwation afddasient 7 boChuirh 48 whereip(t lepyesome of

phot ol um nescent . f oy mul at i of Claim19 er.el i.d phot.ol.ym nescent

f1 uor escent _Fﬁi?Bp?tg[%ma?séerﬁﬁhg’f)elsﬁ?rﬁg?‘?t?rﬁqss%}{]eahfe’l%@ﬁé’tccgf ioiﬁal dium 21.
The phot ol unidipstetioh af eMparad kdihe dhyligrcolod WithbutEhi pholdlumiMeeseat N at | east
sone of said photol um nescent fluorescent materials are em ssion

col or-al t eri AYorehagnt @eEsAlS. mat eri al s, wherein said enission color-altering
fluoyescent materials alter the em ssion spectrum of said photol um nescent
formul ation to alter the perceived color as conpared to the perceived col or
prior t@6.addirhé photofuntindsden fodnallationeaint 25, wiet«s ssid phowleninedcent22. The
phot ol um neSﬁgnt f or mul a_tf' on of Claim2l, wherein sai g}yﬁ)hm ol um nescent
fluorescent HHPIEPGeR| Batgrialsiare Wgolitiogan s3id Hgpid msgmedii®r i er nedium  23.
The phot ol um nescent formulation of Caim19 or Caim20, which further
conprises photol um nescent fluorescent materials that are em ssion

col or - aP7er i e phatolugsnesnent kemeratainsgf Glhisr &9 or €hind 28nwherewrsashdxsitatadn-er i ng

fl uprescent terials alter t em ssj on spectru f. sai d phot ol um nescent
for itatton FlerammptfatEicenbiudiheas e SRRy 73 heBbr etbli coror
prior to addptéfuma?ins St rgbehained, WXhARES e4tbodty iyl aflb&its, sl @ibidatiodd. The
phot ol um nescent fornul ation of Caim 23, wherein said photol um nescent

fluorescent H®f®fials are in solution in said liquid carrier medium 25. The
phot ol um nescent fornmulation of Caim17 or Caim18, wherein at |east some
of said photol um nescent fluorescent materials alter the daylight color of
sai d f opgul aThephasluaingsaém domnmlitivm afaflhingPt ocOlaom 22 wheain ssad @nission

phot ol um nescent fl uorescent nmaterials. hot ol um nescen

26. £_he
for HJI ation 6?1_0(:?‘25‘?%% _ ,Or%ﬁ%‘?té‘i“ﬂeréaé? %feﬁﬁlB?tS@ RIS SEHP NS RELent
materials ar ﬁahﬂex?@ﬂfﬁ%'ﬂggrek&n??y% ihélgdﬂhg rlgﬁl'égil’f‘e_r anaHio¥E¥eere/dyed @umarin

phot ol um nescent fo l'ation o aiml aim 20, wherei'n said

exci t at i onal tiggsi plignoxazone dyes including nile red, nile blue, cresyl violet, phoenoxazoles

styryl type dyes, Carbostyryl type dyes, Stlbene type dyes, and combinations thereof.

20 29.  The photoluminescent formulation of Claim 23 or Claim 24, wherein said excitation-
altering photoluminescent fluorescent materials are selected from the group consisting
of coumarins, styrylbenzenes, oxazoles, carbostyryls, stilbenes, and combinations
thereof, and further wherein said emission color-altering fluorescent materials are
selected from the group consisting of Xanthene type fluorescent dyes including

25 rhodamine and fluorescene dyes, coumarin dyes, phenoxazone dyes including nile
red, nile blue, cresyl violet, phoenoxazoles styryl type dyes, Carbostyryl type dyes,

Stlbene type dyes, and combinations thereof.
30.  The photoluminescent formulation of Claim 19 or Claim 20, wherein said excitation-

30 altering fluorescent material is 1,4 — Bis(2-methylstyryl) benzene, 7-amino-4-

methylcoumrin, or combinations thereof.
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phot ol um nescent fluorescent materials are selected fromthe group

consi sting of coumarins, styryl benzenes, oxazoles, carbostyryls, stil benes,
and conbiwathenwes2ger eof . 28. The phot ol um nescent for mplatysesnsoicosd ai m 2 1
or Claim22, wherein said enm ssion color-altering fluorescent nmaterials are
sel ect egll.f r othé pleotglumipescan Soratulatpnaff aXgohdefH€laimpe8-BDehaeiosatd dyes

i ncl udi ng rhodam ne . .and f) uor ene dyes, umar i . phengxazone dyes

i ncl udi ng ni P]%Pt?%%’,‘h?ﬁrll%T'é‘P&’é&%rgWYP’/‘v‘ﬁ)éi églmaﬁﬂ{?}r{)§§g’§9f‘£§”“s% o type
dyes, CarbostyhdihatioRen&ygs. Stl bene type dyes, and conbinations thereof.
29. The photol um nescent fornulation of Caim23 or Caim24, wherein said

excitationaltering photolum nescent fluorescent materials are selected from
the gro co%si sti mari ns ryl benzenes, oxazol es, carbostyryls,
, a

. of .St
stilben Phe ; H’%ﬁ‘ieﬁﬁébl‘fﬂéPlé‘Bf‘?ménd further wherein said enission

color-altering fl ?,?r esg priforiideiticé;andr € sel ected fromthe group consisting
of Xant hene type uorescent dyes including rhodam ne and fl uorescene dyes,
counarin dyes, ph@noxagideast epeRhqtelumingserst phosphprescenplayer pl ue, cresyl

viol et, ph0egvgé%gféa?égﬁ@qh%hneg&gBQa@goreg%g{)%?&ry&ydnstfyo%a afﬁﬁﬂ?&w&ene type

dyes, and conbi nati on ereo e um nescent fornulation of
Claim 19 or fhyaore od@laindsel-&6.n sai d excitationaltering fluorescent materi al
is 1.4 - Bis(2-nmethylstyryl) benzene, 7-am no-4- nethylcounrin, or

contfl nations thereof.31. The phot ol um nescent fornulation of any one of

C ains 48-30p gﬂ%ﬂle%hfjolgg@tcg,%ﬁghéj zer is Tinuvin 292, Tinuvin 405,
Chi masorb 20202, Timuvin 328, or conbinations thereof. 32. A

phot ol um nescent GO ece predorpredsirtigie; ahd) a prefornmed article; and (b) at

| east one phot ol ugi,nescent . phospharescent .|l ayer wherejn said

phot ol um nescent OSpﬁ@%sggg%ﬁpqt%gyne;%egapﬁ%Spﬁgr&Sﬁegﬂag?rwl ation of any one

of C i’ii s 1;jWﬁereﬁﬁsai&pm@hmﬁmm§B@§j)ho&bdeﬁclay€ﬁﬂﬁﬂis§fdi@'a ferdul@iopretf or med

article; an
15 any one of Claims 3-16.

34. A photoluminescent object comprising:
(a) a preformed article; and
(b) at least one photoluminescent layer
20 wherein said photoluminescent layer results from a formulation of any one of Claims

17-31.

35. A photoluminescent object according to any one of Claims 32-34, further comprising:
(c) at least one reflective layer
25 wherein said reflective layer results from a reflective formulation, wherein said
photoluminescent layer is distal to said preformed article, wherein said reflective layer
is proximal to said preformed article, and wherein said reflective layer is
characterized by a reflectance such that the total emission from said object is greater
than 80% relative to that of a white reflectance layer.

30
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(b) at |east one photol um nescent phosphorescent |ayer wherein said
phot ol um nescent phosphorescent |ayer results froma fornulation of any one

of C ai mew@-286w/068¢28 A phot ol um nescent obj ect conpri si ng@cT(Brood/0pg08d or med
article; and (2% at | east one photolum nescent |ayer wherein said,
phot ol udPnesdephotplyineseens gbiest aceending P draim 32 porlash 34nfirbpecastproing: ns

17-31. 35. A photolum | rding to any one of O ains 32-34,
further conprisi ngb (c%?gegﬁ{béggrdtgcﬁée?éﬁfecti ve | ayer wherein said
reflective | ayerein esidipt@edtiveayar restilteftdm\acprbrective fokmolatiomivelieegin saidi d
phot ol um nescent | ayer is distal, to said preforped artjcle, wherein said
reflective | &YUFCUVE 1g¥epis datp! tpéaléanrséml%c% SiiFlsaPEincRid PRTRuTRES e, sai d

reflgctive | a%RE id srokiRAl AFLE preffHmRY afticlEhhE GheRGes3MEddchdt 1yBendsahal

em ssion from salsdﬁobj ect 1s greater than 80%relative to that of a white
refl ect ance [Fdyafrat Bast ®&%hot ol umi nescent object according to Caim 32 or
Claim34, further conprising: (c) at |east one protective |ayer wherein
said protective layer results froma protective formnul ati on, wherein said

protectidye | aygliotbienfihesbett obﬁcﬁ@h@rdﬁg&ﬁ@lﬁﬁﬁd3ia,rﬁlitﬁér%om\ﬁh_gthi n said _
phot ol um nescent | ayer is proximal to said preforned article, and wherein
said protective | &er HhleagonEpriedive|laygst 959% 37. A phot ol umi nescent

obj ggt accor %H%Qeix\ﬁ,\gaiﬁjg?dt&n%@é@fewetsbﬁ{ frGR AP RN fo(rrﬁ{na%n,'v?x?e%éin 95&? .
protective |ayer ereln sard-protective layer results froma protective
fornul ati on, pudtestieayeaisdignlobaaidi prefotmydarticte, dhedeal saidpioadldmpieedent med
article, wherein, said photolunm.nescent, |ayer. . is proxinml to sajd_object,
and wherei n SAEHISHBY i B, 040 bGP PAIgIPTOlECEARYeT 989N B Of Al Teas!
phot ol um neseg#f object according to Caim37, wherein said protective

| ayer further conprises photolum nescent fluorescent materials thereby
resulting in a

15 38 A photoluminescent object according to Claim 37, wherein said protective layer
further comprises photoluminescent fluorescent materials thereby resulting in a

photoluminescent fluorescent protective layer.

39. ; A photoluminescent object according to Claim 38, wherein said photoluminescent

20 fluorescent protective layer further comprises photostabilizers.

40. A photoluminescent object according to Claim 38 or Claim 39, wherein at least some
of said photoluminescent fluorescent materials are excitation-altering
photoluminescent fluorescent materials, wherein said excitation-altering

25 photoluminescent fluorescent materials increase the luminous intensity of said

photoluminescent object.
41. A photoluminescent object according to Claim 40, wherein said photoluminescent

fluorescent materials are soluble in the liquid carrier medium used in the protective

30 formulation for said photoluminescent fluorescent protective layer.
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phot ol um nescent fluorescent protective layer. 39. i A photol um nescent
obj ect according to Caim 38, wherein said photolum nescent fl uorescent
pr ot ect i WeOl28968169¢281 t her corrpri ses phot ost abi | i zers 40 pCAVUsSh@s0kaoa? nescent
obj ect accordi | east s of said

to d 3
phot ol u nesc’%ﬁ'}?"t‘?l?‘ﬂ’d’?eglg%n’éﬂ Jeﬁ‘a‘icé?li H}gsw%p%mb%?'i {ai"Bﬁ9aYV %rFinr?g?east some

phot ol um nesgegdid Fh&@f@ﬁﬁ@d&émr}ﬁiﬁsbaﬁ%arma@e@nﬁ@m Qt&LdIRtihS Musteb&nt NY
phot ol um nescent fluorescent naterials increase the | um nous Intensity of

sai d phot ol umateriads meherstip eaid emissipn CAlqmbmngjﬂu@r@sc@ehma@bplé@!texatb@or di ng to

i the 11 qui drgr e e, S EhB RS st Sl Pl B e d oLy

phot ¢l um nessaﬂtobjelcuwmqgrdd torid ptdival doamqfnoéli’o adliphrobdattin nescent  obj ect
according to Gaim38 or Claim39, wherein at |east some of said

phot ol uni nes ®Bpicluminesceridlioreseentanateial. are eni ssion col or-al tering
fluorescent materials, wherein said em ssion color-altering fluorescent
materials alter the enission spectrum of said phot ol um nescent object to
change #Be péy pleitvlethimastort objfecmbctdbigj teﬁlaias42:, ovipagie daitl photobunpieescentv ed

color prior to addition o sal hot scent fl.uorescent material. 43.
A phot bl unt ndBEBRET, BREERI L SR G: (s TEPAT G0 Mo AR Ghgprotective

phoggl umi nescf@rmulétidﬁ%ﬁmmotmhﬁﬁésaérﬁ fRbR & pRi&tivB1dyRe |iquid carrier
medi umused in the protective fornulation for said photol um nescent

fluorescent protective Iayer 44. A phot ol um nescent object according to

Cl ai m 4Q ,or m.4Ll. whi ther |se e Iterlng
fl uoresgéht % eortcl)lgfn ness’/ﬁ%lgog]ien R 8‘“@% ssalntr)nn C%n%lrsaarpti’rwfri‘églﬁf Of escent
materi al s al temptifs ealiisicn lorsfleeing fiibekcend dtRfall MhurFinast anissiohjcelt- t 0
change the perceived color of said object as conpared to the perceived:
coI or prior eberingdluqresserirmatgrigls plmsttbq SIRiSHEB sResirum ofaikphomlupiiessent) . 45,

phgt ol um ”%ﬁfé%fﬁ%%?%% ﬁ&%&%‘d Mot & sgdadHTéc‘f'ﬁ%ch}Qﬁr@dtl ﬁ)etﬁ?‘#)grﬁ?la/ed color

phot ol um nescent terials are sol carrier
medi um used ipriot teaadditmnhed tsaid @hbwiuminedcentrflfopescamtimiatpdiadt ol um nescent
fluorescent protective |ayer. 46. A photol um nescent object according to
Claim38 or Claim39, wherein at |east sone

45. A photoluminescent object according to Claim 44, wherein said photoluminescent
fluorescent materials are soluble in the liquid carrier medium used in the protective

20 formulation for said photoluminescent fluorescent protective layer.

46. A photoluminescent object according to Claim 38 or Claim 39, wherein at least some
of said photoluminescent fluorescent materials alter the daylight color of said
photoluminescent object compared to the daylight color without such materials.

25

47. A photoluminescent object according to Claim 46, wherein said photoluminescent

fluorescent materials are soluble in the liquid carrier medium used in the protective

formulation for said photoluminescent fluorescent protective layer.

30 48.  The photoluminescent object of Claim 40 or Claim 41, wherein said excitation-
altering photoluminescent fluorescent materials are selected from the group consisting
of coumarins, styrylbenzenes, oxazoles, carbostyryls, stilbenes, and combinations

thereof.
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of said photol um nescent fluorescent materials alter the daylight color of
sai d phot ol um nescent object conpared to the daylight color wthout such
mat er i al swo4ées/oso@Bot ol um nescent obj ect accordi ng to Clpairosdés/owdsss ei n

sai d phot ol um nescent fluorescent materials are soluble in the liquid

carri er 4gedi TR ph&dluntinéstent@biricect Chin #0 LTl Aini 43) whereirs sdidlelysionlculvrnescent
fluorescent protective |ayer. 48. The phaqt ol um nescent, object of C aim 40
or O aim 4 1aleymeriloressentanatsrials areisglssted &om, e;gﬁfa{poqoaﬁlﬁm%%éman@%%scem

material s arq,select #ksHhARLD hdILRUR MATRIoPdsCER dl}/fes, Uﬁ%fih_'ﬂ?es,_

styryl benzenes, oxazol es, carpbostyryls, stilbenes,” and conbi hati ons
t her eof . 49. Phenoghaineldyes inelidangtnileligd aiile blueCtmbyhvddetp ph@nakarole3 stywpler ei n

said _em ssion coloragltering flugresgent nmatesials. are sel.ected fromthe
groud consi stYPRGYEH 5‘?%%%&3’?‘9%@51‘?%Pgéy@éﬁl{yeﬂﬂgg cpmbing ?’?fgtﬁ?r% ani ne and
fl uorescene dyes, coumarin dyes, phenoxazone dyes including nile red, nile

bl ue, cresyl violet, phoenoxazoles styryl tp){pe dsyes, Carbostyryl type dyes,
St | bene 50y pe THy pkotohumtinessersiohiact offslair df oo flaimots, vherepheaidpxmtaHedcent

obj ect of O ag,.m44 i r.ej J § tati eri -
ooty nos SuFh Gl BB BB FLAERA 4R AT S 0copgiin
consi sting obf coumeins)wyryteyizetehexassies carbsaygle stilbemespasrt gombisatioat i | benes,
and conbi nati ons thereof, @qu further wherein said _em ssion col i)r-al tering
flubfescent Hheres; anddugher whargin said eprigian spdorgptstipe dypesseant AgteRIRt hene
type fluores i i : y ccoumarin
dyes, phenoxgggéﬁ%@%g@sth?%}(ﬂldgg Pgsdgtﬁ%ﬁgn%(gﬁhé}%?ﬂéé fg%rgs,%%%se s?&\?}ildélﬁé;t ,
phoenoxazol esh&imind andyherayers, dy€srdoosisin diyes, phenodtyamie dstd inehidingyple dyes,

and conbi nations..thereof. 51. The photo] um nescent ohject of. Claim40 or
3o m a1, anesrie Biec e Picley Dieahoplsy R S hen AL RS i

sel ected frorybée tgﬁ@mspgﬂsdoggimogg thereédf- Bi s(2- nmet hyl styryl) benzene,
7-am no-4- et hyl counri'n, and conbi nati ons thereof. 52. The phot ol um nescent

obj &zt of any one of Clainms 39-5 1, wherein said photostabilizer is Tinuvin
292, Tinuvin 405, Chimasorb 20202, Tinuvin 328, or conbinations thereof.

53. A nethod for creating a photol um nescent object, said nmethod conprising
the steps.  The photoluminescent object of Claim 40 or Claim 41, wherein said excitation-

altering fluorescent materials are selected from the group consisting of 1,4 — Bis(2-
methylstyryl) benzene, 7-amino-4-methylcoumrin, and combinations thereof.
20
52.  The photoluminescent object of any one of Claims 39-51, wherein said photostabilizer
is Tinuvin 292, Tinuvin 405, Chimasorb 20202, Timuvin 328, or combinations

thereof.

25 53. A method for creating a photoluminescent object, said method comprising the steps

of:
(a) obtaining a preformed article; and
(b) applying to said preformed article at least one photoluminescent
phosphorescent formulation
30 wherein said photoluminescent phosphorescent formulation comprises a formulation

of any one of Claims 1-16.
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of: (a) obtaining a prefornmed article; and (b) applying to said preforned
article at |east one photol um nescent phosphorescent fornul ati on wherein
sai d photwbuoi¢eseent phosphorescent formnul ati on conpri spes/ 280808800t i on of
any one of Clains 1-16.54. A nethod for cyeating a _photolunmn Ecent obj ect,
sai d msthod A Bwfoddprgreatiig aphotlumineseeny ogget s Hﬁt@qﬁi‘)@fp&swgg SRl e; and
(b) applying¢ o said preforned article at |east one photol um nescent
phosphor escent formul ati on wherein said photol um nescent phosphorescent
formul ati on conpr@ses obtdimngalpatfoomedsdrticlayangne of C aims 3-16. 55. A net hod

for creating a phptol um nescent. object, . sail t hod hlSi e steps
of: (a) obtaini ngg};{ p@é’P@ﬂ%tas ﬁdtqr!é‘l%g?é%ﬁ%c%bﬁeﬁ%p?nfﬁ}%ga@tl%‘égggghgref or ned
artiscl e at | east one mﬁgﬂ{maﬁ$§ﬂm1atf@rw| ation wherein said

phot ol um nescent fornul ation conprises a forpulation of any qne of, C ains
17-31. 56. Awhrestihcaidfpbptotyreinescsnt Rhosphsresceti faglation eppRItses ég 48 to any
one of C ai 53-_ 55 ai d-method further conprising the step of: (c)
applying to R a'i‘fl?ﬁoﬁ? 8?8‘%%%3;%“ cle at | east one reflective formul ation,
wherein said photol um nescent layer is distal to said prefornmed article,
wherein said reflective | ayer, is proximl_ to said prefor rred.art%i ctl & and

f urt herSSaherAimethod far erepting.3 pRotolunyRgscent oplssh ST & RPIEMESY EEPance
suclrb that thg.total emission fromsaid object is greater than 80%relative
to that of a white reflectance |layer. 57. A nmethod for creating a

phot ol um nescent (apj ecdbtaivimgradirefgrmed @tigiena8B or d ai m 55,

(b) applying to said preformed article at least one photoluminescent
formulation
wherein said photoluminescent formulation comprises a formulation of any one of

15 Claims 17-31.

56. A method for creating a photoluminescent object according to any one of Claims 53-
55, said method further comprising the step of:
(c) applying to said preformed article at least one reflective
20 formulation,
wherein said photoluminescent layer is distal to said preformed article, wherein said
reflective layer is proximal to said preformed article, and further wherein said
reflective layer is characterized by a reflectance such that the total emission from said

object is greater than 80% relative to that of a white reflectance layer.

25
57. A method for creating a photoluminescent object according to Claim 53 or Claim 55,
said method further comprising the step of:
() applying to said preformed article at least one protective
formulation
30 wherein said protective layer is distal to said preformed article, wherein said

photoluminescent layer is proximal to said preformed article, and wherein said

protective layer has an FT of at least 95%.
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said nmethod further conprising the step of: (c) applying to said preforned
article at | east one protective fornulation wherein said protective | ayer

i s di stalwbeosicoo2er ef ormed article, wherein said phot olpgmusess@ndoss ayer is
proximal to said prefornmed article, and wherein said protective |ayer has

FT of, at % 58 : i : Unk nes: j ect
ccor dify t o B Eegtibreling s ARlRGof bRL it 3G P RERERE) ¢
appl yi ng t o feahd cpmptisingelt sep offl e at | east one protective fornulation

wherein said protective Jayer is distal to sai reforned.article, wherein
sai d phot ol um ned€ent aipa{YJg tosald Ryiormed ?’Bcéﬁt geag‘r(?é]led’tr?rtﬁﬁf“’a?rti cle, and
wherein said protectiygd@¥eh has an FT of at |east 95% 59. A nethod for
creating a photol um nescent object according to C aim58, wherein said
probective fvremeih asid proteetiveHayer codipiel weaidaivefoonedvimiclsc whereir saad escent

materials ther resulting.in a. ol.um nescent .f.l uorescent |.ayer. 60. A
Tet hod Tor dPRRTIEESepHre i e gk S B ot S TE b S0

wherei n sai ¢rpeatveahyerdad & FUlodhi At ©8YE her conprises photostabilizers. 6
1. A nethod for creating a photol um nescent object according to Caim59 or

Cl aim 60, wherein at |east sone of said photol um nescent fl uorescent

mat er i ar itafli i g ] £ tyHERdigEdia! S,
and vvh§r92i n 'gg}%gﬁ)gxfg}t %rg%}?l%aegljf({&g}l ?’%gﬁg%’ﬁﬁ%ﬁﬁ‘c’%ﬁ? Ql;@gg%scentﬁ%?eri al s
i ndoease t herbtactivedomnulati@nfirthgr afmgéses piodtolualinesters sSkwerdscai pratdrialss2. A

met hod for cyeating a photo] um nescent object according to Claim6 1,
wher ei n sai df“iﬂ?l}ﬁif’é?g't‘}ﬂf‘gé%g to B?SQQHM{WD@%Y&T'S are soluble the liquid

carrier nediumused in the protective formulation for said protective
| ayer. 63. A nethod for creating a photol um nescent object according to
Cl ai m 39. or AChethoddor cremtéresd phateluméreseens objectofccerding tpiideisl dviwheseie faid

whorei nsai VOIS BTG AT ELrImy et iouflipR | vorescent mmterials.
15
61. A method for creating a photoluminescent object according to Claim 59 or Claim 60,
wherein at least some of said photoluminescent fluorescent materials are excitation-
altering photoluminescent fluorescent materials, and wherein said excitation-altering
photoluminescent fluorescent materials increase the luminous intensity of said

20 photoluminescent object.

62. A method for creating a photoluminescent object according to Claim 61, wherein
said photoluminescent fluorescent materials are soluble the liquid carrier
medium used in the protective formulation for said protective layer.
25
63. A method for creating a photoluminescent object according to Claim 59 or Claim 60,
wherein at least some of said photoluminescent fluorescent materials are emission
color-altering fluorescent materials, wherein said emission color-altering fluorescent
materials alter the emission spectrum of said photoluminescent object to change the
30 perceived color of said object as compared to the perceived color prior to addition of

said photoluminescent fluorescent material.
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materials alter the em ssion spectrum of said photol um nescent object to
change the perceived color of said object as conpared to the perceived

col or priwo 2065/@odgti on of said photol um nescent fl uoresecenis2emlogsosal . 64. A
met hod for creati gg a phot ol um nescent obj ect acc(ﬁ),r di n toq(jtl ahm 63,
wher ei n64ai dApnethed faricreasias APhplolgRIBETSERT Olert 8FGO511BE 1 GladmB GipVESTE t he

|1 guid carri ehy WRGHnt AEARBIEELI WL RATME SOROR ih e IfidlcRtigf ecti ve

| ayer. 65. A r creating a photolum nescent object according to
Claim 6 1 or u§ddahmhépoteativeforfulatibe forseidprosetvedayesi on col or-al tering
fluorescent materials wherein said em ssion color-altering fluorescent
materials alter the em ssion spectrum of said photol um nescent object to

change ghe p@[xﬁ@%xé@@or%%a@i’hg‘afp_h%ﬁjlﬁnﬁl@&c%ﬁfob'j@ctﬁ&ﬂﬁ@@h@@o Citle Rl §8d
color prior to addition of “said photoluni néscent fluorescent naterial. 66.
A net hod f or whickafuithey camphisesotruissine selonalterijedivorescenmnterals wherel saidbs,

wherein sai d phot ol um nescent, fl uorescent er | [ :m the
ou d corr i EmsmoatEans RupRathfRRERs FReFhE Bt RhpehiPbE e
protective | %M@tblunﬁﬁescé\xﬂﬂg{é@t)d) dhahgcthe pbicBiged cplond Dlaithd jestae Bdmphjed od
according to Cl aimb59 or aim 60, wherein at | east sonme of said

phot ol um nes deerpergeivedroelas oo traaddition of saidirbetalyaingseent Hperegssnignatsrials 5 g
phoﬁ | um nescent object conpared to the daylight color wthout said
photol um nescent fluorescent nmaterials. 68. A nethod for creating a
phot ol ugbnes gemtthob fectreAmgarphonduimetdeat objéct acwinding ite CaincbS, wherein
phot ol um nescent fl uorescent_materials he.liquid carrier

I :
nedi um used is"ﬁ‘dtph@tob%‘f%&??’i‘tv@‘olr%cﬂ?}l"éact?rgeﬂse?%r%og‘gleﬁnbl?%]ttl%%g|c “Yayer. 69. A

met hod for creahigsd R AbuliNeRtRILOREGGhidtsREMNEydro O aim 6 1 or
Claim 62, wherein sal of exclitation-altering photol um nescent fl uorescent

materials are selected fromthe group consisting of coumarins,

| b , | . I il . i i
hetbof 0770, Aunsonay Forngamoryirefsest SptTRetanRrt Rl g 1o

O aim 63 or @hamrEh MMREEIomeSHH sdidglotsirihes@hoflucticent mgefihlvalt@shent
materials are selected fromthe group consisting of Xanthene type

f1uorescent daydighi epdondisnig Rhntdemingeceahebisqt gempaieeiettyes, coumarin dyes,
phenoxazone 8%1?1%hf QMRS ik %h&%ﬂlmiﬂégcgnttﬂdﬁ?escﬁ{t SSddriard. ol et

20 68. A method for creating a photoluminescent object according to Claim 67, wherein
said photoluminescent fluorescent materials are soluble in the liquid carrier

medium used in the protective formulation for said protective layer.

69. A method for creating a photoluminescent object according to Claim 61 or Claim 62,
25 wherein said excitation-altering photoluminescent fluorescent materials are selected
from the group consisting of coumarins, styrylbenzenes, oxazoles, carbostyryls,

stilbenes, and combinations thereof.

70. A method for creating a photoluminescent object according to Claim 63 or Claim 64
30 wherein said emission color-altering fluorescent materials are selected from the group
consisting of Xanthene type fluorescent dyes including rhodamine and fluorescene
dyes, coumarin dyes, phenoxazone dyes including nile red, nile blue, cresyl violet,
phoenoxazoles styryl type dyes, Carbostyryl type dyes, Stlbene type dyes, and

combinations thereof.
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phoenoxazol es styryl type dyes, Carbostyryl type dyes, Stlbene type dyes,
and conbi nations thereof.7 1. A nethod for creating a photol um nescent

obj ect acwondisn@ed2® Cl ai m 65 or Claim 66, wherein said exeiusasosonsoadt eri ng
phot ol um nescent fluorescent materials are selected fromthe group

consi sting of coumarins, styrylbenzenes oxazol es, carbostyryls, stilbenes,
and co nations,t hereof .. and er wherein sa Q olqrshifting
f1 uor ersT? nt ﬁ‘a‘f’%trhf)%\?cg CLFALng &b é’(?té&fmln%cﬁm%b PSR ‘B%E?Ef’f’?‘r%gs fcqyan%({'lene
type fl uoresq@bleifly@s exonaliolaiging Mdasmmesdedt flistosRECORRiglY Afe seldtsdar i n
dyes, phenoxazone dyes including nile red, nile blue, cresyl violet,

phoenoxazol e&osx e groupyseasisingsol conmprB, yhyYIbenzsaesygyazolest qaﬁ'@ﬁf@’%’lﬁpe dyes,
and £ orbi nat Etﬂgg%ctshzﬁlrdec%ébllza%ogg‘tﬁéﬁo@oﬂdffeﬁh& I’élﬁ'galae h&'{ clé'i‘arf‘esce“t

obj ect of C erern sal xcrtatlon altering
fl uorescent shiftarg flotesae satids ad stlected filom tjpe @uupoonsistitg ofXafthdnedype

Bi s( 2- net hyl tyryl) nze e, /-a 0- 4- h cou and .conbi nati ons
t hereof . 73. Aowaeﬁbgyeﬁdrc E‘P‘B%fl?(ﬁ'@ erﬂﬁ’gf 8?1t°°3‘5']"‘883y%§600rdi ng to
any one of a xﬁ&?zdﬁ% gés%erﬁdﬁ% nZl%recY"‘h?lE%ld?: &R qu videt pRdcABkAdtR styrp gh

9 1 masorb

sel ected fro t e group consisting of Tinuvin 2, Tinuvin 405

20202, Ti nuviype3iges, Carhbsmyﬂﬁymdye@n%tlhehet)epofdyeSMtnd pombinatiensitbereof. eat i ng a
phohgl um nescent object according to any one of Clainms 53- 73, wherein said
pretornmed article is selected fromthe group consisting of a pathway, a

pat hnar kgr, pahbney fdr cadinBd, ph@ldluﬁﬁé@nﬂ;bj&it@ﬂ@m ANr@lhidoer, wigedn item
an outdoor statue, an outdoor figurine, outdoor %htl ng, an out door

or nanent , ous@@@rmtarlée-ahm Ryorgsceniynaterials pes, Seh%ﬁrqd o thergroupcaisisting af buoy
i nst rument at han. Er‘gf‘i gltaﬁy%‘?% ) Hnikek ”?%ﬁml?o hafd %?ﬁgotumrﬁ] %ﬁ&E?TE@Q{ ﬁSdscor .

equi pnent, a bas ennls ba

gol f ball cottetcofa baseball, a racquet baII a glove, an arm protector, a
knee protector, a shoul der protector, a backboard, a sports net,

reckat i onal equi pnent, a swinmng pool, a side of a swinmmng pool, the rim

of a SW'7§rm NG Re@bd forrb?ealﬁﬁgta%ﬂﬁmﬁm%yﬂemﬁj&t B%‘rdm@ tchéﬂy SRVordas %E@bf on, a

candl e, floor, an unb a, an autonobil e, , a stairway,
i ndi vi duaI sChiims 68-78} Wdamlmﬁalcaplmwmllz@alScR@lelctedafm!n shetg;yuﬂ@onsmtlnapﬁod for

creating a pt}?r%u%n%f%sr?u%ﬂ} 4(95b ?r%as%cbc%ﬁibngmgl?wg 9%8 N combma?l 1ons thgr%of

20
74. A method for creating a photoluminescent object according to any one of Claims 53-

73, wherein said preformed article is selected from the group consisting of a pathway,
a pathmarker, pathway lighting, all forms of signage, an outdoor décor item, an
outdoor statue, an outdoor figurine, outdoor lighting, an outdoor ornament, outdoor

25 tree hanging parapharnelia, marine items, a boat, a buoy, instrumentation, safety gear,
a helmet, a hard hat, a vest, sporting equipment, a basket ball, a tennis ball, a golf ball,
a golf ball core, a golf ball cover, a baseball, a racquet ball, a glove, an arm protector,
a knee protector, a shoulder protector, a backboard, a sports net, recreational
equipment, a swimming pool, a side of a swimming pool, the rim of a swimming

30 . pool, the bottom of a swimming pool, a holiday decoration, a candle, a floor, an
umbrella, an automobile, a wall, a stairway, an individual stair, a sidewalk, a street, a

doll, and a toy.
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73, wherein said preforned article is a golf ball, a golf ball core, or a
golf ball cover. 76. A nethod for creating a photol um nescent object
accor di ngwpeoamgoese of C ainms 53- 73, wherein said photolruseesseasd obj ect
is a golf ball neeting the specifications of United States Professional

ol fers,. Associ.atken.. 774. A um | i:.si.ng, b
wei ght 731 ¢ nanriipd Bt srcbfine € pRORHAHERCBEARATAY o  REAME RAR Ty BUTRIAIRE. DY
phot ol um neggewhepinaaphneemed brtitht ie higalfbally golé ball sak dorphgitibbalihdaves cent
phosphorescent materials are selected fromthe group consisting of H 13,
H 14, green phosphor pignent, and bl ue phosphor pignent, and wherein said

phot ol ugi nes@ﬁl@¥h09?g§&bﬁlrr@sacm&olﬁm&eé&k Sbigétacttitiingiehiy ShsSsf ClHEESE-W t hin

said fornul ation; a liquid carrier medium conprising EGWE and M BK,
whefei n EGWEB, whempinesiphotoluminzseant objecttio aigof il meetingthe specidications ah

acrylic pol I,G.resin. wherein.said acrylic polynmeric resin is selected
fromthe grﬁﬂ%{eéﬁast?sz#ﬁoﬁeds%?a‘%éog@%|A%9%T}§’,n' NeoCryl B-735, NeoCryl B-813,
and conbi nations thereof, and wherein the ratio of photol um nescent

phosphorescent material to acrylic polynmeric resin is fromlto 2; } (d) a
stabl i Zi7ng dYphatpliminespent dormulaiion compsisingz bnyekhtipk the oragigiionses a

di sper i ng agent at s, BLPSERNS and 000D SRRk Blen: PLOBRERVIH 08, o

Tego Disperse 71 whereir n sai I ZI ng ent 1 n anount
of 16bout 1%t o about 3f4terduls, varragyaidptiotoleninedoant phesiviesdd0 noaterBYKardl 1,

wherein said rheology npdifier is present, in t .of about 1%to about
206 a wetting agent tH&gcted frpgb@e\ggqupfmsgvngrgfggﬂgéﬁ-%greﬁp(ggg %Fn the
amount of about 0.5% tﬁggrﬁa—g,ugnd%léégph(@ﬁﬁbr%igﬁé}ﬁ!a’:}{dqx,}{éil@ih(ggila{eI’ that is Tego

Airex 900, wherein said dearator/defoanmer is present in amount of about 1%
to about 3% photoluminescent phosphorescent materials are uniformly distributed

within said formulation;
15 (b)  aliquid carrier medium comprising EGMME and MIBK, wherein -
EGMME is present in amount of about 28% to about 40%;
(c) an acrylic polymeric resin, wherein said acrylic polymeric resin is
selected from the group consisting of NeoCryl B-818, NeoCryl B-735,
NeoCryl B-813, and combinations thereof, and wherein the ratio of
20 photoluminescent phosphorescent material to acrylic polymeric resin is
from 1 to 2; /
(d) a stablizing additive, wherein said stabilizing additive comprises a
dispersing agent that is DISPERBYK-180, DISPERBYK-181,
DISPERBYK-108, or Tego Disperse 710, wherein said stabilizing
25 additive is present in amount of about 1% to about 3%; a rheology
modifier that is BYK-410 or BYK-411, wherein said rheology
modifier is present in amount of about 1% to about 2%; a wetting
agent that is Tego Wet 270 or Tego Wet 500 present in the amount of
about 0.5% to about 2.5%; and a deaerator/defoamer that is Tego Airex

30 900, wherein said dearator/defoamer is present in amount of about 1%

to about 3%.
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