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FIGURE 2 
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FIGURE 4 
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FIGURE 7 
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FIGURE 8 
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FIGURE 9 
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FIGURE 10 
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Figure 11 
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FIGURE 12 
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HIGH-INTENSITY, PERSISTENT 
PHOTOLUMINESCENT FORMULATIONS 
AND OBJECTS, AND METHODS FOR 

CREATING THE SAME 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application claims priority to US. Provisional 
Patent Application Ser. No. 60/637,535, ?led Dec. 20, 2004 
(Attorney Docket No. 7044531001), titled, “Layered Enviro 
chromic Materials, Applications and Methods of Preparation 
Thereof,” Which is incorporated by reference herein for all 
purposes. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 
[0003] The present invention is directed to photolumines 
cent phosphorescent formulations, comprising an effective 
amount of photoluminescent phosphorescent materials, that 
exhibit high luminous intensity and persistence. The photo 
luminescent phosphorescent formulations may further com 
prise photoluminescent ?uorescent materials, Wherein said 
photoluminescent ?uorescent materials increase the lumi 
nous intensity and persistence. These photoluminescent ?uo 
rescent formulations may further comprise photostabiliZers 
to retard the photolytic degradation of said photoluminescent 
materials. 
[0004] The present invention is also directed to photolumi 
nescent 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. 
[0005] 2. Description of RelatedArt 
[0006] Consumers have a continuing desire to receive 
added informational features and bene?ts from the products 
that they purchase. Such information and features can com 
prise safety information indicators, environmental informa 
tion indicators, shelf-life information indicators, authentica 
tion and tamper indicators, fashion accessory bene?ts and/or 
fun and entertainment bene?ts. Color-change technology 
triggered by speci?c environmental events can form the foun 
dation for creating these informational indicators or bene?ts. 
It is important to note that for the utiliZation of color-change 
as informational indicators or providing additional bene?ts to 
be effective, such color change needs to be visually striking 
and for outdoor usage environmentally robust. 
[0007] “Envirochromic Materials” and “Envirochromic 
Layers” are those, When triggered by a speci?c environmental 
change or occurrence, that can change their visible color 
Which can result from either onset or change in electromag 
netic radiation emission, and/or change in the absorption 
re?ection, and/or scattering of electromagnetic radiation. 
These environmental “triggers” include change in tempera 
ture, change in electromagnetic radiation, change in chemical 
environment, an electrical stimulus, etc. 
[0008] Since color change can occur from a multiplicity of 
triggers, the Word “chromic,” as used herein, signi?es a color 
change occurring from change in re?ection, absorption, or 
scattering of electromagnetic radiation. “Chromic,” as used 
herein, does not signify a color change occurring from change 
in emission. Thus, for example: photochromism signi?es 
color change triggered by electromagnetic radiation; thermo 
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chromism signi?es color change triggered by change in tem 
perature; electrochromism signi?es change in color occurring 
due to gain or loss of electrons; solvatochromism signi?es 
color change resulting from change in solvent polarity; halo 
chromism signi?es color change caused by a change in pH; 
ionochromism signi?es color change caused by ions; tribo 
chromism signi?es change in color caused by change in 
mechanical friction; and pieZochromism signi?es change in 
color caused by change in mechanical pressure. 
[0009] As can be appreciated, color change can also result 
from luminescent emissions. For such a case, and being con 
sistent With the de?nition above, “luminescent” or “lumi 
nous,” as used herein, signi?es color change resulting from 
emissions. 
[0010] The term “luminescence” is de?ned as the emission 
of electromagnetic radiation from any substance. Lumines 
cence occurs from electronically-excited states. As seen in 
FIG. 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. The electronic states of most organic mol 
ecules can be divided into singlet states and triplet states. 
[0011] 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 ?rst excited state. A 
molecule in a high vibrational level of the excited state Will 
quickly fall to the loWest vibrational level of this state by 
losing energy to other molecules through collision. The mol 
ecule Will also partition the excess energy to other possible 
modes of vibration and rotation. 
[0012] “Luminescent materials” are those Which emit elec 
tromagnetic radiation. Characterizing luminescent materials 
requires consideration of: (1) the excitation source, (2) the 
nature of the emission, and (3) Whether or not additional 
stimulation is required to cause emission. 
[0013] With regard to the excitation source, luminescent 
materials excited by electromagnetic radiation are referred to 
herein as “photoluminescent.” Luminescent materials excited 
by electrical energy are referred to herein as “electrolumines 
cent.” Luminescent materials excited by a chemical reaction 
are referred to herein as “chemiluminescent.” 

[0014] With regard to the nature of the emission, this may 
be either ?uorescence or phosphorescence. A “?uorescent” 
material stores electromagnetic radiation and releases it rap 
idly, in about 10'12 seconds or less. Contrarily, a “phospho 
rescent” material stores electromagnetic radiation and 
releases it gradually, in about 10'8 seconds or more. 
[0015] Processes that occur betWeen the absorption and 
emission of electromagnetic radiation are usually illustrated 
using a Jablonski Diagram, such as the one found in FIG. 2. 
Ground, ?rst, and second electronic states are depicted in 
FIG. 2 by S0, S1, and S2, respectively. At each electronic 
energy level, the ?uorophores can exist in a number of vibra 
tional energy levels, denoted by 0, 1, 2, etc. Transitions 
betWeen states are depicted in FIG. 2 as vertical lines to 
illustrate the instantaneous nature of electromagnetic radia 
tion absorption. 
[0016] “Fluorescence” occurs When a molecule returns, by 
emission of a photon, from the excited singlet state to the 
electronic ground state. If the photon emission occurs from S 1 
to So, it is characteriZed as ?uorescence. 
[0017] “Phosphorescence” occurs When a molecule goes 
from the ground state to a metastable state such as T1, a triplet 
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state, and then the metastable state slowly decays back to the 
ground state SO, via photon emission. Hence, if the emission 
occurs between T1 to So, it is characterized as phosphores 
cence. 

[0018] 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 electro 
magnetic radiation is used to stimulate emission at room 
temperature, such materials are referred to as “photolumines 
cent photo-stimulable.” In cases Where electrical energy is 
used to stimulate emission at room temperature, such mate 
rials are referred to as “photoluminescent electrically-stimu 
lable.” In cases Where thermal energy is used to stimulate 
emission at room temperature, such materials are referred to 
as “photoluminescent thermally-stimulable.” 
[0019] The instant invention applies and uses photolumi 
nescent phosphorescent materials to cause nighttime emis 
sions, Which may additionally comprise photoluminescent 
?uorescent materials to enhance the intensity and persistence 
of the nighttime emission and/or the color of the daytime and 
nighttime emissions. 
[0020] In the past, metal sul?de pigments Were used in an 
attempt to arrive at photoluminescent phosphorescent mate 
rials. See, e.g., U.S. Pat. No. 6,207,077 to Burnell Jones. A 
common such metal sul?de pigment is a Zinc sul?de structure 
Whereby the Zinc is substituted and activation occurs via 
various elemental activators, coactivators, or compensators. 
Common activators include copper, aluminum, silver, gold, 
manganese, gallium, indium, scandium, lead, cerium, ter 
bium, europium, gadolinium, samarium, praseodymium, and 
other rare-earth elements and halogens. These activators are 
believed to enter the crystal lattice of the ho st material and are 
responsible for imparting the luminescent properties to the 
material. 
[0021] Examples of sul?de phosphorescent phosphors 
include CaSzBi, Which emits violet blue light; CaStSzBi, 
Which emits blue light; ZnSzCu, Which emits green light; and 
ZnCdSzCu, Which emits yelloW or orange light. HoWever, 
these sul?de phosphorescent phosphors are chemically-un 
stable and, as a result, exhibit photolytic instability 
[0022] An extensively-used sul?de phosphorescent phos 
phor is Zinc sul?de, ZnSzCu. See, e.g., U.S. Pat. No. 3,595, 
804 to Martin. HoWever, Zinc sul?de decomposes due to 
irradiation by ultraviolet radiation in the’presence of mois 
ture. This decomposition reduces and/or blackens the lumi 
nance, making the use of Zinc sul?de dif?cult in environments 
containing ultraviolet radiation and/or moisture. As a result, 
Zinc sul?de is used most-commonly in controlled environ 
ments, such as for clock, Watch, and instrument dials, and for 
indoor uses. 

[0023] Relatively recently, see, e.g., U.S. Pat. No. 5,424, 
006 to Murayama, metal aluminate photoluminescent pig 
ments, particularly alkaline earth aluminate oxides having the 
formula MAl2O4, Where M is a metal or mixture of metals, 
have been developed. Examples of such alkaline aluminate 
oxides include strontium aluminum oxide, SrAl2O4, calcium 
aluminum oxide, CaAl2O4, barium aluminum oxide, 
BaAl2O4, and mixtures thereof. These aluminate phosphors, 
With or Without added magnesium, may be further activated 
With other metals and rare-earth elements. 
[0024] These aluminate photoluminescent pigments 
exhibit aftergloW characteristics that last much longer in 
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duration than do those of metal sul?de pigments. These alu 
minate photoluminescent pigments also exhibit strong pho 
tolytic stability and are chemically more stable than the metal 
sul?de pigments. For example, strontium aluminum oxide, 
SrAl2O4, such as that disclosed in Us. Pat. No. 5,698,301 to 
Yonetani, exhibits luminance that is about ?ve- to ten-times 
that of Zinc sul?de phosphoresecent phosphor, ZnSzCu, and 
exhibits a smaller decay rate. Strontium aluminum oxide also 
exhibits an emission spectrum having a peak Wavelength of 
520 nanometers (“nm”), Which is near the spectrum of peak 
human visibility, and exhibits a broad excitation spectrum 
With high excitation ef?ciency to ultraviolet electromagnetic 
radiation in the short Wavelength region. 
[0025] HoWever, alkaline earth phosphors, such as stron 
tium aluminum oxide, exhibit the disadvantage of requiring 
more excitation time to attain saturation luminance than do 
metal sul?de pigments, such as Zinc sul?de phosphoresecent 
phosphor. In addition, alkaline earth phosphors have the dis 
advantage of moisture sensitivity. On the other hand, sul?de 
based phosphors degrade photolytically. 
[0026] It can be appreciated that for optimal luminescent 
performance, speci?c photoluminescent phosphorescent 
materials and mixtures of such materials need to be adapted 
for use in varying conditions, be it excitation conditions or 
environmental considerations. Water-resistant formulations 
suitable for protecting the photoluminescent phosphorescent 
particles and formulations that minimize photolytic degrada 
tion, particularly Where metal sul?des are utiliZed, are 
sought-after. Beyond the selection of the photoluminescent 
phosphorescent materials and/or any additional photolumi 
nescent ?uorescent materials used to enhance their perfor 
mance, 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 bene?ts to 
consumers, the color change needs to be visually striking to 
be effective. 

[0027] The improper selection and use of formulation 
materials, such as resins, dispersants, Wetting agents, thick 
eners, and the like can diminish the luminous intensity ema 
nating from the formulation. This can occur, for example, due 
to agglomeration or settling of photoluminescent phospho 
rescent particles, either during handling of the formulated 
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 emis 
sions can be either due to agglomeration of photoluminescent 
phosphorescent material or as a consequence of electromag 
netic radiation scattering by of one or more of the additives 
selected to stabiliZe the photoluminescent phosphorescent 
pigment dispersion. The net result Will be loWer luminous 
intensity and persistence. 
[0028] By and large, the current practice in commercially 
available materials is to cite the luminous intensity and per 
sistence of the underlying photoluminescent phosphorescent 
poWder, rather than that of the resulting photoluminescent 
object. It can be recogniZed that for commercial success, the 
important parameter is not the photoluminescent intensity 
and persistence of the underlying poWder, but that of the 
resulting photoluminescent object. There is a need, therefore, 
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to not only develop photoluminescent phosphorescent poW 
der materials of high performance but also develop photolu 
minescent formulations that result in photoluminescent emis 
sions of high intensity and persistence. 
[0029] Articles having inadequate re?ection to the emitted 
electromagnetic radiation, either because of surface rough 
ness or because of their color resulting from materials that are 
absorptive of photoluminescent phosphorescent emissions, 
can also result in degradation of luminous intensity and per 
sistence even When high-performance formulations are 
applied to such articles to create photoluminescent objects. 
Further, outdoor usage of photoluminescent objects also 
necessitates, beyond good adhesion to substrates, mechanical 
robustness such as scratch resistance, etc. Speci?c require 
ments are dictated by the particular application, for Which the 
use of a protective layer can also be highly bene?cial. It can 
therefore be seen that beyond the need to develop photolumi 
nescent formulations of high performance, there is a need for 
a multi-layer system construction for applying these formu 
lations to articles to create photoluminescent objects of high 
intensity and persistence of nighttime emissions. 
[0030] The use of colorants in the form of pigments that are 
absorptive of visible electromagnetic radiation to impart day 
light color to photoluminescent formulations even When they 
are not absorptive of phosphorescent emissions can result in 
degradation of photoluminescent intensity and persistence by 
virtue of either scattering of photoluminescent phosphores 
cent emissions or by inadequate charging of photolumines 
cent 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 
persistence. This is Why a majority of daylight-colored for 
mulations 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. 
[0031] Us. Pat. No. 6,359,048 to Duynhoven discloses 
formulations of photoluminescent phosphorescent materials 
utiliZing alkyd resins and modi?ed castor oil rheology modi 
?ers. This formulation requires using a secondary pigment 
particle, Which, due to scattering of electromagnetic radia 
tion, results in loWer transmissivity of photoluminescent 
phosphorescent emissions, and thus loWer perceived intensity 
and persistence of emissions from objects deploying this 
formulation. 
[0032] Us. Pat. No. 6,773,628 to Kinno discloses formu 
lations of photoluminescent phosphorescent materials com 
prising synthetic cellulosic resin binders and silica-based 
poWders used as suspending ?llers. The silica-based suspend 
ing ?llers, by virtue of either scattering of luminescent phos 
phorescent emissions, or, if su?iciently small, by virtue of 
scattering of charging radiation, Will result in a loWering of 
perceived intensity and persistence of luminescent objects 
deploying this formulation. 
[0033] Published U.S. Patent Application No. 2003/ 
0222247 to Putman discloses the use of absorptive pigments 
as colorants for imparting daytime color. Again, as discussed 
above, on account of scattering of photoluminescent phos 
phorescent emissions, the intensity and persistence of night 
time emissions from photoluminescent objects deploying this 
formulation Will be loWered. 
[0034] Us. Pat. No. 3,873,390 to. Cornell discloses a 
method of making single-layer photoluminescent phospho 
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rescent or ?uorescent ?lms utiliZing silica gel, Which scatters 
electromagnetic radiation, to disperse the phosphorescent or 
?uorescent pigments. While this makes the ?lm translucent, 
again, as stated above, there Will be a reduction in photolu 
minescent intensity and persistence. Moreover, since the 
resin matrix selected for the pigments is a hot-melt adhesive, 
it requires heating coating ?uid to temperatures in vicinity of 
29500 F. or higher. The resulting application methodology is 
too restrictive for many applications. 
[0035] Us. Pat. No. 4,208,300 to Gravisse discloses 
single-layer phosphorescent coatings Which comprise “Crys 
talline charges” in amounts of 50% to 65% by Weight of the 
phosphorescent layer. Use of such high amounts of crystalline 
?llers is indicative of a basic composition that has loW trans 
missivity to phosphor emissions Without the crystalline ?ll 
ers. Uses of such high amounts of ?ller material Will not only 
result in signi?cantly loWer concentrations of pho sphorescent 
pigments, but also, since these ?llers are silica-based, they 
Will also result in a loWering of luminous ef?ciency. 
[0036] Us. Pat. No. 4,211,813 to Gravisse discloses the 
making of ?exible photoluminescent articles comprising a 
single-layer phosphorescent coating for applications requir 
ing 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 pho 
toluminescent intensity and persistence of ZnS-based mate 
rials is signi?cantly loWer, as compared to the neWer alkaline 
earth materials Which hoWever can be degraded by Water. 
Hence, the need remains for construction of photolumines 
cent objects that have loW Water vapor transmission and still 
exhibit nighttime emissions of high intensity and persistence. 
[0037] Us. Pat. No. 5,698,301 toYonetani teaches the con 
struction of a phosphorescent article embodying a three-layer 
construction, that is, a re?ective layer, a photoluminescent 
layer, and a clear protective layer, Without use of photolumi 
nescent ?uorescent materials. This invention does not require 
speci?c performance characteristics of each of the layers. 
With respect to the photoluminescent layer, all that is sug 
gested is “dispersing a phosphorescent pigment in a varnish 
prepared by dissolving a resin in a solvent thereby preparing 
an ink.” Alkaline earth materials, such as strontium alumi 
nates, are not easy to disperse and unless one achieves a 
construction of such a layer Without photoluminescent phos 
phorescent particle agglomeration, there Will be loss of e?i 
ciency due to incomplete charging. Also, since photolumi 
nescent phosphorescent materials have high densities, 
Without using speci?c additives, there Will be settling and 
compaction as the ?lm dries, resulting in a loWer amount of 
nighttime emissions from the surface. It should also be noted 
that common additives for addressing these issues, e. g., silica, 
scatter electromagnetic radiation, causing the layer’s trans 
missivity to photoluminescent phosphorescent emissions to 
be loWer. 

[0038] Us. Pat. No. 5,395,673 to Hunt discloses the con 
struction of a non-slip phosphorescent surface by applying to 
a ground surface epoxy resin containing compositions 
impregnated With phosphor pigment of the Zinc sul?de type. 
The focus of this invention is on the creation of a hard surface 
With photoluminescent phosphorescent materials incorpo 
rated therein, and not on methodologies to maximiZe intensity 
and persistence of nighttime emissions. 
[0039] Us. Pat. No. 5,692,895 to FranZin Nia discloses the 
rudimentary concept of a photoluminescent phosphorescent 
orthodontic appliance utiliZing the older, Zinc sul?de-type 
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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. 
However, since the appliances are based on the older sul?de 
type photoluminescent phosphorescent materials, the result 
ing intensity and persistence of the emissions Will be signi? 
cantly loWer and, further, the materials Will be subject to rapid 
photolytic degradation. 
[0040] Us. Pat. No. 6,207,077 to Bumell-Jones discloses 
the application of photoluminescent phosphorescent coatings 
to ?ber optic articles using a curable layer construction, as 
Well as a variety of ?llers. The ?lters include suspending 
?llers, such as silica, for preventing settling of phosphor 
particles, tailoring viscosity, etc. The heavy loading of ?ller 
materials, in the neighborhood of 30%, negatively impacts 
the amount of photoluminescent material present, thus requir 
ing much thicker photoluminescent layers. In addition, due to 
scattering of electromagnetic radiation from the quantity and 
type of ?ller materials deployed, there Will be a reduction in 
the intensity and persistence of nighttime emissions from the 
objects deploying this formulation. 
[0041] Us. Pat. No. 6,508,732 to Romberger discloses the 
construction of a tennis ball that includes an outer fabric cover 
that contains a photoluminescent phosphorescent compo 
nent. The object of this invention is a luminescent tennis ball 
and not on methodologies to maximize intensity and persis 
tence of nighttime emissions. 
[0042] Accordingly, in vieW of the above, there remains a 
need for photoluminescent phosphorescent material formu 
lations, photoluminescent phosphorescent objects, and meth 
ods for creating such objects, Wherein the formulations and 
objects not only exhibit high intensity and persistence, but 
also Which can be created in a variety of daytime and night 
time colors, also With high luminous intensity and persis 
tence, and additionally including creation of photolumines 
cent objects Wherein the daytime and nighttime colors are in 
the same family. The photoluminescent objects are also cre 
ated to minimiZe photolytic degradation, do not degrade,With 
moisture, and are mechanically robust, particularly in out 
door applications. 

BRIEF SUMMARY OF THE INVENTION 

[0043] 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 addi 
tive, Wherein said photoluminescent phosphorescent materi 
als 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 pro 
vide photoluminescent phosphorescent formulations With 
high intensity and persistence. 
[0044] Accordingly, in one of its formulation aspects, the 
present invent* is directed to a photoluminescent formulation 
comprising an effective amount of photoluminescent phos 
phorescent materials, at least one liquid carrier medium, at 
least one polymeric resin, and at least one formulation stabi 
liZing additive, Wherein said photoluminescent phosphores 
cent materials are uniformly distributed Within said formula 
tion, Wherein there are no additional materials mat are 
absorptive colorant pigments, and further Wherein said stabi 
liZing additive is not in a solid particulate state in said liquid 
carrier medium. 
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[0045] In another one its formulation aspects, the present 
invention is directed to a photoluminescent formulation com 
prising an effective amount of photoluminescent phosphores 
cent materials, at least one liquid carrier medium, at least one 
polymeric resin, and at least one formulation stabiliZing addi 
tive, Wherein said photoluminescent phosphorescent materi 
als are uniformly distributed Within said formulation, Wherein 
there are no additional materials that are absorptive colorant 
pigments, Wherein said formulation stabiliZing additive com 
prises a dispersing agent and a rheology modi?er, and further 
Wherein said stabiliZing additive is not in a solid particulate 
state in said liquid carrier medium. 
[0046] In other formulation aspects, the present invention is 
directed to the foregoing photoluminescent formulations 
Which further comprise photoluminescent ?uorescent mate 
rials, Wherein said ?uorescent materials either increase the 
luminous intensity or alter the emission spectrum of the pho 
toluminescent phosphorescent materials to not only create a 
variety of luminous colors, but also enable the daylight color 
and emission color to be in the same color family. These 
photoluminescent formulations comprising said ?uores 
cence-exhibiting materials may further comprise photostabi 
liZers to retard photolytic degradation of said photolumines 
cent materials. 

[0047] In one of its object aspects, the present invention is 
directed to a photoluminescent object comprising a pre 
formed article and at least one photoluminescent layer that 
results from a photoluminescent formulation. 
[0048] 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 re?ective layer, Wherein said re?ective layer 
results from a re?ective formulation, Wherein said photolu 
minescent layer is distal to said preformed article, Wherein 
said re?ective layer is proximal to said preformed article, and 
Wherein said re?ective layer is characterized by a re?ectance 
such that the total emission from said object is greater than 
80% relative to that of a White re?ectance layer. 
[0049] In yet 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 protective layer, Wherein said protective layer 
results from a protective formulation, Wherein said protective 
layer is distal to said preformed article, Wherein said photo 
luminescent layer is proximal to said preformed article, and 
Wherein said protective layer has an FT of at least 95%. 
[0050] In yet another one of its object aspects, the present 
invention is directed to a photoluminescent object comprising 
a preformed article, at least one re?ective layer, at least one 
photoluminescent layer, and at least one protective layer, 
Wherein said re?ective layer is proximal to said preformed 
article, Wherein said protective layer is distal to said pre 
formed article, and Wherein said photoluminescent layer is 
betWeen said re?ective layer and said protective layer, and 
Wherein said protective layer has an FT of at least 95%. 
[0051] In one 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 and applying to said preformed article at least one 
photoluminescent formulation. 
[0052] In another one of its method aspects, the present 
invention is directed to a method for creating a photolumi 
nescent object, said method comprising the steps of obtaining 
a preformed article, applying to said preformed article at least 
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one photoluminescent formulation, and applying to said pre 
formed article at least one re?ective formulation, Wherein 
said photoluminescent formulation is distal to said preformed 
article, Wherein said re?ective layer is proximal to said pre 
formed article, and further Wherein said re?ective layer is 
characterized by by a re?ectance such that the total emission 
from said object is greater than 80% relative to that of a White 
re?ectance layer. 
[0053] In another one of its method aspects, the present 
invention is directed to a method for creating a photolumi 
nescent object, said method comprising the steps of obtaining 
a preformed article, applying to said preformed article at least 
one photoluminescent formulation, and applying to said pre 
formed 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%, 
[0054] In yet another of its method aspects, the present 
invention is directed to a method for creating a photolumi 
nescent object, said method comprising the steps of obtaining 
a preformed article, applying to said preformed article at least 
one re?ective formulation, at least photoluminescent formu 
lation, and at least one protective formulation, Wherein said 
re?ective layer is proximal to said preformed article, Wherein 
said protective layer is distal to said preformed article, and 
Wherein said photoluminescent layer is betWeen said re?ec 
tive layer and said protective layer, and Wherein said protec 
tive layer has an FT of at least 95%. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0055] FIG. 1 illustrates hoW 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 state, such as singlet states and 
triplet states. 
[0056] FIG. 2 is a Jablonski Diagram illustrating processes 
that occur betWeen the absorption and emission of electro 
magnetic radiation. 
[0057] FIG. 3 is a styliZed depiction of an embodiment of 
the invention Whereby a photoluminescent object is created 
using a preformed article 1 With a photoluminescent phos 
phorescent layer 2 applied thereto. 
[0058] FIG. 4 is a styliZed depiction of an embodiment of 
the invention Whereby a photoluminescent object is created 
using a preformed article 1 With a re?ective layer 3 and a 
photoluminescent phosphorescent layer 2 applied thereto. 
[0059] FIG. 5 is a styliZed depiction of an embodiment of 
the invention Whereby a photoluminescent object is created 
using a preformed article 1 With a photoluminescent phos 
phorescent layer 2 and a protective layer 4 applied thereto. 
[0060] FIG. 6 is a styliZed depiction of an embodiment of 
the invention Whereby a photoluminescent object is created 
using a preformed article 1 With a re?ective layer 3, a photo 
luminescent phosphorescent layer 2, and a protective layer 4 
applied thereto. 
[0061] FIG. 7 is a styliZed depiction of an embodiment of 
the invention Whereby transfer technology is used to obtain 
the photoluminescent object. 
[0062] FIG. 8 is a styliZed depiction of an embodiment of 
the invention Whereby a photoluminescent object is created 
using a preformed article 1 With a re?ective layer 3, a ?rst 
photoluminescent phosphorescent layer 2, a second photolu 
minescent phosphorescent layer 5, a ?rst protective layer 4, 
and second protective layer 6 applied thereto. 
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[0063] 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 re?ective layer 3, a ?rst 
photoluminescent phosphorescent layer 2, a second photolu 
minescent phosphorescent layer 5, and a ?rst protective layer 
4 applied thereto. 
[0064] 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 re?ective layer 3, a ?rst 
photoluminescent phosphorescent layer 2, a ?rst protective 
layer 4, and second protective layer 6 applied thereto. 
[0065] FIG. 11 is a styliZed description of the Luminous 
Intensity measurement apparatus. 
[0066] FIG. 12A shoWs the emission spectra of the photo 
luminescent phosphorescent layers resulting from the PF-4 
formulations, With and Without the addition of emission 
color-altering ?uorescing compounds. 
[0067] FIG. 12B shoWs the emission spectra of the photo 
luminescent phosphorescent layers resulting from PF-4 for 
mulations Where photoluminescent phosphorescent material 
H-l3. has been substituted by H-l4, With and Without the 
addition of emission color-altering ?uorescing compounds. 
[0068] FIG. 13A shoWs the re?ection spectra from re?ec 
tive layers of various colors. 
[0069] FIG. 13B shoWs the emission spectra of the photo 
luminescent phosphorescent layer With re?ective layers of 
various colors. 

DETAILED DESCRIPTION OF THE INVENTION 

[0070] As noted above, the present invention generally 
relates to photoluminescent formulations, to photolumines 
cent objects comprising preformed articles onto Which said 
photoluminescent formulations have been applied, and to 
methods for creating said photoluminescent objects. 
[0071] HoWever, prior to discussing this invention in detail, 
the folloWing terms Will ?rst be de?ned. 
[0072] As used herein, “excitation” refers to the phenom 
enon Wherein the incident radiation excites a molecule from a 
loWer energy state to a higher energy state, 
[0073] As used herein, “luminescence” is de?ned as emis 
sion of electromagnetic radiation. 
[0074] As used herein, “photoluminescence” is lumines 
cence occurring as a consequence of excitation by electro 
magnetic radiation. 
[0075] As used herein, “?uorescence” is emission of elec 
tromagnetic 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 alloWed and occurs 
rapidly by emission of a photon and Wherein the emission 
rates are typically l0-8 s-1 With a typical lifetime around 10 
nanoseconds. 
[0076] “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 
state electron. Transitions to the ground state are forbidden 
and the emissions rates are sloW. Phosphorescence lifetimes 
are typically milliseconds to seconds. 
[0077] As used herein, “luminescent materials” are those 
that exhibit “luminescence.” 
[0078] “Photoluminescent materials” are those that exhibit 
luminance as a consequence of excitation by electromagnetic 
radiation. 
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[0079] “Photoluminescent ?uorescent” materials are those 
Which upon excitation by electromagnetic radiation exhibit 
?uorescence. 
[0080] As used herein, “photoluminescent phosphores 
cent” materials are those Which upon excitation by electro 
magnetic radiation exhibit phosphorescence. 
[0081] As used herein, “pigment” is a material in a solid 
particulate form Which is substantially insoluble in a liquid 
carrier medium chosen to carry such materials, but Which can 
be mechanically distributed in the liquid carrier medium to 
modify its color and/or electromagnetic radiation-scattering 
properties. 
[0082] “Liquid carrier medium” is a liquid that acts as a 
carrier for materials distributed in a solid state and/or dis 
solved therein. 
[0083] As used herein, a “formulation” is a liquid carrier 
medium, as de?ned above, comprising at least one material 
either dissolved and/or distributed in a solid state Within said 
liquid carrier medium. 
[0084] As used herein, “dispersion” is a formulation, as 
de?ned above, Wherein said material is a solid distributed in 
the liquid carrier medium, also as de?ned above. 
[0085] As used herein, a “photoluminescent ?uorescent 
formulation” is a formulation, as de?ned above, Which addi 
tionally comprises materials exhibiting ?uorescence that are 
either distributed in a solid state in said formulation or are 
dissolved in said formulation 
[0086] As used herein, a “photoluminescent phosphores 
cent formulation” is a formulation, as de?ned above, Which 
additionally comprise materials exhibiting phosphorescence 
that are distributed in a solid state in said formulation. 

[0087] As used herein, a “photoluminescent formulation” 
is a formulation, as de?ned above, Which additionally com 
prises either photoluminescent phosphorescent materials as 
de?ned above, or photoluminescent ?uorescent materials as 
de?ned above, or both. 

[0088] As used herein, a “re?ective formulation” is a for 
mulation as de?ned above, Which comprises at least a poly 
meric resin in a liquid carrier medium as de?ned above, and 
further comprises at least one colorant (White or non-White). 
[0089] “Stabilizing additive” is a material added to a for 
mulation comprising solidparticles or a dispersion, as de?ned 
above, to uniformly distribute, prevent agglomeration, and/or 
prevent settling of solid material in said dispersion in said 
liquid carrier medium to result in an enhancement of the 
luminous intensity. Such stabilizing additives generally com 
prise dispersants, and/ or rheology modi?ers. 
[0090] A “performance-enhancing additive” is a material 
added to a formulation comprising solid particles or a disper 
sion, as de?ned above, to enhance its applicability to articles 
to create photoluminescent objects With a smooth surface 
and/or to minimize scattering or surface roughness due to 
entrained air. 
[0091] As used herein, a “protective formulation” is a for 
mulation as de?ned above, Which comprises at least a poly 
meric resin selected for environmental or mechanical protec 
tion of the underlying article, upon application onto said 
article. 

[0092] As used herein, a “photoluminescent phosphores 
cent layer” is a ?lm resulting from at least one photolumines 
cent phosphorescent formulation 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 ?lm. 
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[0093] As used herein, a “photoluminescent ?uorescent 
layer” is a ?lm resulting from at least one photoluminescent 
?uorescent formulation that is substantially dry, as character 
ized by the residual liquid carrier medium being in the range 
of 1-5 Weight % of the total Weight of the ?lm. 
[0094] As used herein, a “photoluminescent layer” is a ?lm 
resulting from either a photoluminescent ?uorescent, or pho 
toluminescent phosphorescent formulation, or both, that is 
substantially dry, as characterized by the residual liquid car 
rier medium being in the range of 1-5 Weight % of the total 
Weight of the ?lm. 
[0095] A “re?ective layer” is a ?lm resulting from a “re?ec 
tive formulation” as de?ned above, 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 ?lm, and 
Which is at least substantially re?ective of incident photolu 
minescent phosphorescent radiation. 
[0096] A “White re?ectance layer” is one that re?ects 95% 
of visible electromagnetic radiation incident upon it. 
[0097] A “protective layer” is a ?lm resulting from a “pro 
tective formulation” as de?ned 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 ?lm. Such layers protect photolumi 
nescent layers and re?ective layers from, for example, pho 
tolytic degradation, moisture, mechanical degradation, etc. 
[0098] As used herein, “visible electromagnetic radiation” 
is characterized by electromagnetic radiation With Wave 
lengths in the region of 400 nanometers (“nm”)) to 700 nm. 
[0099] As used herein, “Film Transmissivity” (“FT”) is the 
fraction of incident visible electromagnetic radiation trans 
mitted through a layer Which does not have any photolumi 
nescent materials. 

[0100] “Photolytic degradation” is deterioration, degrada 
tion, or change in properties, such as observed color, that is 
initiated by electromagnetic radiation. 
[0101] As used herein, “photostabilizer” materials are UV 
absorbers, singlet oxygen scavengers, antioxidants, and/or 
mixtures thereof. 
[0102] As used herein photopic is used to characterize 
luminous measurements based on human perception. 
[0103] As used herein, “intensity” is a measure of electro 
magnetic radiation as perceived by the “Standard Observer” 
(see, e.g., C. J. Bartelson and F. Grum, OPTICAL RADIATION 
MEASUREMENTS, VOLUME SiVISUAL 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/Pho 
tometer With High Gain Luminance Detector.” 
[0104] As used herein, “luminous intensity” is a measure of 
emitted of electromagnetic radiation as perceived by the 
“Standard Observer” (see, e.g., C. J. Bartelson and F. Grum, 
OPTICAL RADIATION MEASUREMENTS, VoLUME SiVISUAL 
MEASUREMENTS (1984), incorporated herein by reference for 
all purposes) as mimicked by a photopic detector, such as 
International Light Company’s (Massachusetts,USA) 
“IL 1 700 Radiometer/Photometer With High Gain Luminance 
Detector.” 
[0105] As used herein, a “preformed article” is any article 
onto Which photoluminescent layers may be formed. The 
preformed article may be rigid or ?exible. 
[0106] A “photoluminescent object” is any preformed 
article, as de?ned above, onto Which is at least one photolu 
minescent phosphorescent layer is applied. 




























