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g (54) Title: LUMINESCENT GEL COATS AND MOLDABLE RESINS

¢ (57) Abstract: Luminescent polymers are prepared from thermosetting unsaturated polyesters, suspending fillers and phospho-
rescent pigments and utilized to make gel coated articles and molded, cast and fiberglass reinforced plastic (FRP) articles. The
preferred thermosetting unsaturated polyester resins are prepared by condensing mixtures of ethylenically unsaturated and aromatic
dicarboxylic acids and anhydrides with dihydric alcohols and a polymerizable vinylidene monomer. Preferred suspending fillers and
<. thixotropic modifiers include silica flakes (particularly precipitated and fumed silica and fine to coarse sand), microspheres, glass
= fibers and other short fibers, nepheline syenite, feldspar, mica, pumice, magnesium sulfate, calcium carbonate, bentonite and the
various clays and thixotropic modifiers and mixtures thereof. Preferred phosphorescent pigments include alkaline earth aluminate
phosphors, zinc sulfide phosphors and mixtures of these phosphors, particularly those phosphors activated by multiple metals and/or

B rare earths. The luminescent resins may be rendered fire retardant with halogenated polyester resins and/or additives and made flex-
ible by the addition of flexible resins.
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perceptible to the eye as the material becomes red hot and then white hot
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light.” to sunlight, X—rays or electron beams, the transitory fluorescence of many substances
when excited by exposure to various kinds of radiation, the aurora borealis and the
electroluminescence of gases when carrying a current, the triboluminescence of
20 crystals when rubbed or broken, the bioluminescence of many organisms, including the
firefly, the glowworm and the “burning of the sea,” the fungus light of decaying tree
trunks, and the bacterial light of dead flesh or fish.
For centuries incandescence was the universal method of artificial illumination:
the torch, candle, oil lamp, gas lamp and tungsten filament served to light the way.
25 There remains a need for a useful, renewable cold light source, particularly for
photoluminescent materials which will absorb light and then emit useful amounts of
light over long periods, thermoluminescent materials in which the photoluminescence
is activated by heat and electroluminescent materials in which the light output is in

response to electrical current.

30 Phosphorescent pigments are those in which excitation by a particular



15 Exanpl es of | um nescence are the di mglow of phosphorus (a 18 AUG 2004
chem | um nescence), the phosphorescence of certain solids (phosphor sé\ azfﬂp er
exposure_ to sunlight, X-rays or electron beans, the trangitor

fl uor escmgl@?ﬁmny substances when excited by exposur eP?UAyé‘W(Hb% ki nds
of radiation, the aurora borealis and the electrolum nescence of gases
when carrying a current, the tribolum nescence of 20 crystals when rubbed
or broken, the biolum nescence of nmany organisnms, including the firefly,
the gl owwor RvaRibngiheof bisibli iguidfaviole re@iation resufeinf RS sSdOBE O AaaRYI N9
tree trunks, and the bacterial light of dead flesh or fish. For centuries
i ncandescendeyorsthelgacitatione Adigr cepsativacbideminesdeh¢ecind|renewed rkpesurom lighthe
torch, candl oil.la as lLamp and tungsten .filament, served to |ight the
way. " 25 ThaRtrPlsrial fELaaD 1B erRG Ao R e e cbt etk pesb e,
parti cul ar | yptoniRhat ok MBS SaRins BERY.T Risk ‘M!bs?ﬂorgkéeht ﬁigﬁl% suf@fognd
then emit useful anounts of 1ight over long pefiods, th&rnol um nescent

mat eri af s i rthavhioblentshef Il ddoinestemesamdfoc shont aftegtow at ed by heat and

el ectrol um nescent materials in which the light output is in _response to

el ectrical currenYaiod§ PrSBRMETERE SHPSIHICEHEHE skugwal t Reuding nsulfidesn metal
excitation - partheul ar 4 6 2
wavel ength o ux@’flg% b é&g’r Q{ﬁaﬁﬁaﬁ 0 %@Q? é%\?a%n&% sﬁﬁg(p?r%&%ggjer%ﬁ%s%aingn of

| ight |astingiddryPhe nidsecenmot atpeat.phdbfipresces adhan i0find wilfideseenee and
renewed exposure to |ight the materi al. agbai n absorbs |ight ener g¥ and
exhi bits t hevigh swbstitioneolytielzing ik REYVaHaR DyakatuBidhemeatad @stivaieisng lteisi t t i ng

cycl e) y, Most sph o] Sy f r t he problens of .1 ow

| uni nels%encekng’r%/ %F Péﬁ%f? ‘mélfl?gecrgg:a%\%v&@gr%’ ugg ﬁ@gﬁﬁo?ye%ngg’f?toraﬂ?ﬁs'{“ﬁtﬁu‘@s are
known, i ncl yghioguifigd (WHEs eniiltdrben dbmtii Meogedst, ARish zBik! JuFRIes ndshiar &yl ous
rare earth conpounds (particularly rare earth oxides). The nbst common
type of phogpKBireseematesialynwapusly teimed astivatothe ceaotivetolr @ campdnsatabsseiet ut i on
of the zinc and,actiyation, by vari.ous elenental,activators. It iis 10 known
that many | Jht g’sf‘%’ﬁ%’y_ﬁ%t eltilné‘f"% ar?_g‘;’/éigreg fﬂpgﬁﬁrsél&hb eTW?Soraf)cﬁoBP?rn&_%ﬁ'ﬁ“&I lic
zinc sul fi dezf9abh ChroBABIY $hedf8&Ncdnhifitt inc NRIRIRVbsphth) Biualiflim SyivEd dRid
material or mxtures of materials variously terned ‘activators,

coact i ¥at or snanganeapgaiivan,ondiuay ecandwoali¢agd, seqpimyterbiunk nanwpiam} gaditiiaiusn,

i ncl ude such el enents as copper (formn nS: Cu, probably_the npst common
e sul 1 dSaDROLBNBRsoHP U Lphosre/erth Jemens in fhegancThese gavaiom
indi um  scangdigmablyeaster §8S kH/Mal YRS O th8 WRPMABia92de! 4rdi dPonsible for

imparting the luminescent properties to the material. Other sulfide phosphors which

emit various colors of light include ZnCdS:Cu and ZnCdS:Ag, CaS:Bi, CaSrS:Bi,

20 alpha barium-zinc sulfides, barium-zinc—cadmium sulfides, strontium sulfides, etc.

| The other important class of long-life phosphorescent pigments is the metal

aluminates, particularly the alkaline earth aluminate oxides, of formula MALQ, where

M is a metal or mixture of metals. Examples are strontium aluminum oxide (SrAL,Oy),

calcium aluminum oxide (CaAl,Oy), barium aluminum oxide (BaAl,0,) and mixtures.

25 These aluminate phosphors, with or without added magnesium, may be further
activated with other metals and rare earths.

For example, U.S. Patent No. 5,558,817 (1996) to Bredol ef al. discloses a

method of manufacturing luminescent zinc sulfide of cubic structure activated by

copper and aluminum, forming a material having a high x—value of the color point as

30 well as a high luminous efficacy in conjunction with a simple manufacture. U.S.
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' These metal aluminate phosphors have a bright and long-lasting photoluminescent
afterglow and show a glow peak of thermoluminescence in a high—temperature region
of 50° C. or above when irradiated by ultraviolet or visible rays having a wavelength
20 of 200 to 450 nm at room temperatures.
The alkaline earth metal type aluminate phosphors of Murayama ef al. were
developed in response to the problems with zinc sulfide phosphors decomposing as
the result of irradiation by ultraviolet (UV) radiation in the presence of moisture (thus
making it difficult to use zinc sulfide phosphors in fields where it is placed outdoors
25 and exposed to -direct sunlight) and problems of insufficient length of afterglow
(necessitating doping a radioactive substance to the phosphorescent phosphor and
employing a self-luminous paint which keeps emitting light by absorbing radiation
energy for items such as luminous clocks). The metal aluminate phosphors such as

activated alkaline earth aluminate oxides exhibit UV insensitivity and bright and

30 long-lasting afterglow luminance. However, metal aluminate phosphors may be at a
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short wave-length and emits energy at wave-lengths which lie within the absorption

spectrum of the phosphorescent constituent. Preferred resins were polyurethane
20 resins, polyvinyl chloride resins, polyacrylates and/or acrylates, elastomeric silicones
and combinations of these resins. The preferred phosphorescent sulphide was zinc
sulphide, with calcium, cadmium and strontium sulphides also being utilized. U.S.
Patent No. 5,692,895 (1997) to Farzin—Nia ef al. discloses luminescent orthodontic
appliances. A preferred orthodontic bracket material comprises a plastic material,
25 preferably polycarbonate, glass fiber reinforcement and luminescent pigment,
preferably zinc sulfide doped with copper or zinc sulfide doped with copper and
manganese. U.S. Patent No. 5,605,734 (1997) to Yeh discloses a method of making
carpet with phosphorescent directional signals and signs. Symbols were tufted into
the carpet using polymeric filaments and fibers containing zinc sulfide copper activated

30 pigments.
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and contain a europium activator and a co-activator of lanthanum, cerium,
praseodymium, neodymium, samarium, gadolinium, dysprosium, holmium, erbium,
. 20 thulium, ytterbium, lutetium tin or bismuth. A plasticizer is also added. U.S. Patent
No. 5,607,621 (1997) to Ishihara ef al. discloses methods of making phosphorescent
resins and formed articles. The phosphorescent comprises a resinous material such as
acrylic resin, ABS resin, acetal homopolymer or copolymer resins, PET, polyamides
such as nylon, vinyl chloride resin, polycarbonates, polyphenylene oxide, polyimide,
25 polyethylene, polypropylene or polystyrene, an SrAl,O4 phosphorescent pigment and a
liquid paraffin activator. The phosphorescent resin mixture was kneaded at a
temperature higher than the melting point of the synthetic resin and extruded to
produce pellets for injection or extrusion molding.

U.S. Patent No. 5,716,723 (1998) to Van Cleef ef al. discloses glow in the

30 dark shoe soles of rubber (a styrenic block copolymer or butadiene block copolymers),
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‘met hyl styrehe) resin, crystal polystyrene resin, high inpact styrene

pol ymers and co paen®issothérdpladtictamices ¢digsigiag phbl&plﬁafd@c&t QiAEHalPArRSHS
articles containing phosphor escent materials are also 15 known. For

exanpllé, U. blovraat &ot expuple, H3% Refent (1\@73693659701—6&@’6)stqjﬂ§dg@s@s:1¢seg fight

emtting fi erlal i ses hor .such as
zinc sulfi %J %EE‘(tllérﬁdeer;guguﬁ.ﬁg%Qe%gnegn%rﬁogg)f n%h @r"? @f
| uni nous | i f@fided arS SR 1gh agenigrRkich aabsrakd ¢er %Peaéédl%rﬂﬁws' hﬁt § and a

carrier for the | um nescent
suspending agent such as silica and zinc palmitate and a carrier for the luminescent

material such as a transparent or translucent plastic. U.S. Patent No. 5,490,344

20 (1996) to Bussiere discloses glow-in—-the—dark fishing lures made by combining a

white powder with a plastic resin and a phosphorescent substance. Typical resins

include thermoplastic rubber, styrenics, polyolefin and' plastisol. U.S. Patent No.

4,759,453 (1988) to Paetzold discloses a baby bottle marked with a luminescent

marker band made of synthetic plastic to which has been added an inorganic zinc

25 sulfide phosphor with double activators. U.S. Patent No. 4,210,953 (1980) to Stone

discloses a flashlight having a luminescent case, band or sleeve containing a zinc
sulphide or zinc-cadmium sulphide phosphorescent material.

Polymer epoxies were utilized in U.S. Patent No. 5,395,673 (1995) to Hunt,

which discloses a composition useful for non-slip ground surfaces where lighting

30 conditions may be poor. The composition preferably includes a polymer epoxy
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conpounds. € phos rescent coated fabric can then be wutilized with both
t her nopl ast i gilizediwith §othithdrmoahstie resiss t(ehichrrdn be sirlisd dindireshaprsawith Jegter
curing) and thernpsetting resins (which cannot  be I ergiladr sk W th
heat after aftricngpgrasd ORGRNg éﬁsﬁé?ﬁp’ﬁgga‘?né’f E‘T‘ @F”E%%a f&%ﬁ*‘?&‘f@?@‘%&et s.
This approach, 15 uti{igi R&S feilEbreb® Plastic) Wao di i e MTHiO Bppirelch
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hi gh density phosphorescent nmaterial fromthe. surface of the final

article: andad) atphosphasessent matesia] gueciyata fyresin sysiem,havp besh insyecesshitle

mainly due to the settling away of high density phosphorescent material from the

surface of the final article; and 2) the overall relative opacity of the resin mixtures due

to shielding by fillers, which prevents the phosphorescent materials from being
20 charged which, in turn, prevents the glow from being visible.

The method of coating the fabric with a phosphorescent utilized by Vockel, Jr.
ef al. has still left a need for polyester thermoset resin systems in which the
phosphorescent pigments do not settle during storage and use and a need for polyester
resin systems with suitable transparency and/or translucency characteristics for better

25 utilization of phosphorescent particles. Such thermosetting luminescent resins would
be extremely useful as thermosetting resins have properties making them suitable for
large items such as boats and spas as well as smaller items. In addition to applications
where thermosetting laminating resins are used with fibrous reinforcements, there is a

need for improved luminescent thermosetting resins, methods and products in both gel




to shielding by fillers, which prevents the phosphorescent material s @r%&)h
being 20 charged which, in turn, prevents the glow from being vi s1i8bA QAL
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materials ('msLHQtreg%Jr't%rﬁe%éﬁ?ﬁseﬁéﬁwhg%ﬁéaseﬁé u%;ﬁ%@d et ofl e SRS

materials, such as thermosetting or ther StT¢ po §ME 8 rak e

an article gduwis sich stfurmitges, stiramingi@olsebaths iddsghé, ol AIBRBESE Frodlbts,
utilized to produce numerous ., goods such as furniture, sw nm ng pools,
bat hs and sp#E0SPBEraRT@duGts SEARIE\S0RT HWISYS, aer ospace products, sporting

goods 300 toys. 1A INBIARRPLLENOAENS, SERIPASS. Sihdt rangs of TaLer ol o

including, for exanp sters, “vinyl "est

fabricating exatdpks poBeitersokingh taers MBRpakies ClIR fabiRhliAHS BERLRSS ?§lg@§t§'
utilized in which the fiber reinforcenents are saturated or wet-out with a

li qui d t her MORRtartidlg yaiup pipeesstapedudizetian whicluahe fiber reinfoctemmnesabtey i nt o -
t he form of e _finished artj.cle, . e formed, the shape i.g allowed 15 to
cure via pol %/aﬁg?tleczi %tr S%eﬁ"_%’? “f‘h‘ea ﬁﬂ%ﬁﬁ%"ﬁ?‘ﬂ% iteé’éli and Sﬁ*“g“éﬁ elgnsh naggslly or
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fiber reinforcenent. Gel coats were.introd d when thernosetting pol yester
resins were qapﬁ'é?m QW“b@Pﬁgpﬁoﬁ?sfﬁdm&of'g‘Fﬁ@ef’W?% f Thrasmgset gaoldmgamder

fiber reinfofe@ile Bictessk nPSbdQtifi%8%0 form non-fabric reinforced articles, typically
utilizing milled and/or short fiber reinforcement.

Gel coats were introduced when thefmosétting polyester resins were first

20 being introduced for use with fiberglass or other fiber reinforcements. It was noticed

in molded parts that the surfaces showed a distinct three-dimensional fiber pattern

caused by shrinking of the resin away from the glass fibers during curing. Since these

early parts were utilized almost exclusively for aircraft, this could not be tolerated for

aerodynamic and aesthetic reasons. A remedy was soon developed in the use of gel

25 coats, which today are utilized on the surface of thermosetting polyester plastics to

produce a decorative, protective, glossy surface which requires little or no subsequent

finishing. Resin and glass fiber reinforcement is applied directly over the gel coat by

hand lay—up or spray-up techniques to produce a plastic in which the gel coat coating

is an integral part of the composite. The gel coat serves to suppress glass—fiber

30 pattern, eliminating “alligatoring” and crazing of surface resins, eliminating chalking
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attenpting t golilestet #RrAosehARHvAE @asd pruducts which keep the phosphorescent particles in
suspeﬁsion not only during blending and application, but also during storage over the
20 useful life of the luminescent polymer. .

An additional problem arises when attemptiﬁg to utilize a phosphorescent
pigment with polyester gel coats. If a phosphorescent particle such as an activated
zinc sulfide is added to a gel coat, typically the phosphorescent particles separate out
and the mixture overcongeals (similar to adding too much flour to water). An unmet

25 need, therefore, remains apparent for phosphorescent polyester gel coats as well as
moldable resins, which has not been provided by the prior art.

Even more useful would be a polyester base resin easily adapted for gel
coating applications, laminating applications, casting applications and various molding

applications such as injection or blow molding. Typically gel coats are unsuitable as

30 laminating or casting resins, easily crumbling in the hands if molded in thick layers;
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ratio of sulfur to zinc atoms (S/Zn) of about 1.02 < S/Zn < 1.13, adapted to achieve

- an increased excitation efficiency at the luminescent centers to exhibit improved

20 luminescent brightness. Rare earth elements having atomic number 59 to 69 (Pr to

Tm) are suitable for doping, among which terbium, samarium, europium and

praseodymium are desirable and selected in accordance with the desired luminescence

color. The film is doped with the rare earth elements in an amount of 0.5 to 3 atom

%. U.S. Patent No. 3,740,616 (1973) to Suzuki ef al. discloses electrically

25 luminescent display devices which can be controlled to display characters or patterns.

The display devices employ plural-gapped electrodes and multiple layers including an
electrically luminescent layer. The electrically luminescent layers disclosed include a ,

composition of zinc sulfide powder activated with copper and aluminum and a plastic

binder such as urea resin, zinc sulfide powder activated with copper or manganese in

30 thin film form, cadmium sulfide or silicon carbide luminescent materials and
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The present inventor has realized that the aforementioned examples show a

continuing need for improved phosphorescent polymers for electroluminescent
20 applications.

In particular, there remain various needs and unsolved problems which must be
overcome before thermoset polyester resins can be most effectively utilized with the
various phosphorescent particles. An effective thermoset resin must be water—
resistant, protect UV sensitive phosphorescent pigments and provide a means for

25 keeping heavy phosphorescent particles in suspension during storage and use. Such
thermoset resins should have acceptable optical properties for use with
phosphorescent pigments. An ideal thermoset phosphorescent polyester resin could
be used or easily modified for use as a gel coat, laminating resin, casting resin or
moldable resin and would have excellent photoluminescent, thermoluminescent and

30 electroluminescent properties. In view of the foregoing disadvantages in the known
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10 In another aspect, the invention provides a luminescent polymer comprising:

a) a thermosetting polyester resin;
b) a vinylidene monomer;
) a suspending filler;
d) a thixotropic modifier;
15 ‘ e) a UV stabilizer; and
f) a phosphorescent pigment.

In one embodiment, the thermosetting polyester resin comprises:

i) an ethylenically unsaturated dicarboxylic acid or anhydride
component selected from the group consisting of maleic

20 | anhydride, maleic acid, fumaric acid, methacrylic acid, acrylic
acid, itaconic acid and citraconic acid;

ii) an aromatic dicarboxylic acid or anhydride component selected
from the group consisting of phthalic anhydride, isophthalic
acid, phthalic acid, chlorendic anhydride, tetrabromophthalic

25 anhydride, tetrachlorophthalic anhydride, tetrahydrophthalic
acid and anhydride, adipic acid, succinic acid, suberic acid,
sebacic acid, azelaic acid, -terephthalic acid and mixtures
thereof; and

iii)  a dihydric alcohol selected from the group consisting of

30 neopentyl glycol, propylene glycol, ethylene glycol, diethylene
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In a further aspect, the invention provides an electroluminescent
polymer comprising a conductive substrate layer and a luminous polymer layer that
comprises a thermosetting polyester, a suspending filler and an electroluminescent

20 pigment.
In a still further aspect, the invention provides a conductive
electroluminescent polymer comprising
a) a thermosetting polyester;
b) a suspending filler;
25 c) an electroluminescent phosphorescent pigment; and
d) a conductive material selected from the group consisting of conductive

The invention also provides methods of preparing luminescent

polymers, photoluminsecent, theremoluminescent and electroluminsecent polymers

and coated articles to be described in more detail hereinafter.




20 pignent. In a still further aspect, the invention provides a conductive
el ectrol um nescent pol yner conprising a) a thernosetting pol yester:l8 0
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The invention al so provides methods of pygeparing |umnescent polyners,
phot ol um nsecent, therenol um nescent and el ectrol um nsecent polyners and
coated articles to be described in nore detail hereinafter. 18 AUG 2004
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15 components or substituted derivatives and a glycol or mixtures of glycols (such as
neopentyl glycol, propylene glycol, ethylene glycol, diethylene glycol, dipropylene
glycol) with styrene monomer. Useful suspending fillers include silica, glass
microspheres and various flake, fiber and crystalline fillers. Preferred phosphorescent
pigments include multiply activated zinc sulfide phosphors, multiply activated metal

20 aluminate oxide phosphors such as alkaline earth aluminate oxides and mixtures of
these phosphors. The luminescent polymer base resin may be made flexible by the
addition of orthophthalic and/or isophthalic flexible resins and fire retardant through
the use of halogen—substituted derivatives and various additives. The luminescent
polymer base resin can be easily modified for use as a gel coat, a laminating resin for

25 FRP products, a casting resin or a moldable resin.

The improved Iuminescent polymers shows unexpected luminescent and
polymer properties. Such luminescent properties include a combination of bright and
extremely long glow, rapid recharging of photoluminescent properties after exposure
to light and a very strong thermoluminescence which can be activated by heat sources

30 such as body heat, motor heat, brake heat and hot water. - Unusual thermoset polymer
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In order to better illustrate the luminescent gel coats and moldable resins

disclosed here, the following definitions will be utilized.
Although the popular use of the word “phosphorescence lmphes any kind of

20 cold light, this term will be restricted here to the lastmo luminescence which results
from exposure of a substance to visible or ultraviolet radiation--what is more properly
designated photoluminescence. An important characteristic of the phosphorescent
substances is that no permanent chemical change need result from the exposure to
light, thus distinguishing it from chemiluminescence.

25 The term “thermoluminescence,” because of its early discovery and long
usage, has been retained for the emission of light on heating a substance to relative
low temperatures (far below the point at which incandescence begins). The word
implies that heat energy excites the luminescence, and indeed the present invention
acts as if heat energy excites luminescence, but theoretical considerations suggest heat

30 merely liberates energy in the form of luminescence, the energy having previously been
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of such applications would include: signs (such as warning, exit, advertising, building,

directional, accident prevention and street signs); underground or building emergency
20 illumination (including buildings and corridors, airplanes, mineshafts, subways and
underground stations, air-raid shelters and hangars); street crosswalk, curb and lane
markers; light panels; stairwells and stair tread illumination (especially fire stairs and
edges of steps); vehicle markings (including cars, trucks, aircraft, boats, bicycles,
trailers, life rafts, hand gliders and helium and hot air balloons); hard hats and safety
25 helmets; safety clothing; barriers and nets for oil spills; outdoor clothing (both urban
and wilderness); prisoner’s uniforms (a deterrent to night escapes); watch faces,
gauges, dials and panels; skis and skateboards; ropes and ramps for water—skiing;
parachutes and parasails; marine buoys; camping equipment; fishing equipment (poles,
lures and nets); house numbers; safety barricades; agricultural fencing and gate

30 markers; dog, cat and animal collars, harnesses and markers; bush and ski trail
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glow even if the taillight is burned out.

One of the more novel uses for the photoluminescent materials disclosed

20 herein are as an aid to bacterial control in hospitals As a favorite hiding place for
bacteria in operating rooms is the darkened areas on the backside of the light
reflectors above the operating table (where they tend to fall off onto the patient when
disturbed by air currents), coating the backside of the reflector will illuminate the area,
making it less hospifable for the light—shy bacteria.

25 “Black lights” (safe UV lights) are particularly suited for energizing the
luminescent polyesters disclosed herein. Black light bulbs coated with the polyesters
are particularly useful, as the luminescent gel coats will glow brightly for extended
periods after relatively short illumination.

The luminescent gel coat is also particularly suited for precision molding

30 processes in that the thickness of the gel coat can be more easily measured as thin
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Heat activated thernostinulation o nescen

heat ed ar eas shbwersphathtubs iaghhettubsnmahbes eniveedibgnsater haat bid deher bbjectdah|r
wor ks 20 ad%abg, as will other hot |iquids, gases or heating el enents.
The | umi nescetft2cHBHt§HR hot a5 of 4quilso useful for el ectrol um nescent

L, 0 NSRSl BB AR il L Ve
wher e ellct r iwtiizingUssee btarhs onpbinteyli Ladreging! effeeB0dt0 Farkidr - available by coating
~fiber optic material with the photoluminescent polymers described below. Such
photoluminescent polyester coated fiber optics are also useful for signs and directional
markers. Heat activated thermostimulationA of a photoluminescent article makes the
heated areas glow much brighter in chosen designs or writing; hot water works
20 admirably, as will other hot liquids, gases or heating elements.

The luminescent polymer also is also useful for electroluminescent lighting, the
luminescent polymer being coated with a metallic and a transparent conductor. Signs
may be powered by small batteries in areas where electrical current is not available or
economical.

25 Electroluminescent polymers (luminous capacitors) may be constructed as
follows: a conductive substrate (metal, glass with a conductive layer, conductive
polymers) is coated with a thin layer of a phosphorescent pigment embedded in a
binder with a high dielectric constant (such as the luminous polymers described
herein). Typically a much smaller percentage of luminescent phosphor (<1% by

30 . weight) is utilized in the electroluminescent embodiments as compared to the
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exhibit higher efficiencies including photoluminescent brightness and length of
afterglow and thermoluminescence as compared to known luminescent materials.

20 In general, a long life phosphor is preferable for photoluminescent and
thermoluminescent applications of the present invention as it may become necessary to
overload the plastics with additives otherwise. Mixtures can occasionally be useful,
particularly that of a phosphor with a very bright initial illumination and a phosphor
with an extended afterglow or a mixture of slow and quick charging phosphors. For

25 use in electroluminescent applications, greatly reduced quantities are generally
preferred so the luminescence will quickly fade when electrical stimulation ceases.

Various considerations are taken into account when choosing a phosphor or
mixture of phosphors for use in various applications. Alkaline earth metal aluminate

oxides are preferred outdoor applications and high intensity light applications due to

.30 their brighter initial afterglow and longer afterglow. Zinc sulfide phosphors are
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phosphorescent pigments include multiply activated zinc sulfide such as LUMILUX®

20  ZnS:Cuy, available from Hoechst or AlliedSignal of Australia , UMC Phosphorescent
pigments (zinc sulfide and mixtures with other sulfides), available from United Mineral
& Chemical Corp., USA, rare—earth activated alkaline earth aluminate oxides such as
LUMILUX® Green—SN long afterglowing pigments available from AlliedSignal of
Australia, and LUMINOVA® strontium aluminate oxide pigments available from
25 United Mineral and Chemical Corp., USA, and mixtures of these phosphors.

Suitable sources of excitation for the photoluminescent polymers disclosed
herein include daylight, UV light and most forms of artificial light. In general, the
wider the spectrum of the energizing light, the longer the afterglow of the
photoluminescent plastics. White light rich in UV is very suitable. Red light or yellow

30  light from a sodium vapor lamp is generally less suitable, as are filament bulbs for
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and fumarate based resins utilizing maleic anhydride, fumaric acid or maleic acid or

mixtures thereof are preferred in the present invention. Acrylic acid and methacrylic
20 acid modified polyester resins also find use.

 The degree of unsaturation is varied by including a saturated dibasic acid
(which includes aromatic acids insofar as polyesters are concerned) such as phthalic
anhydride, isophthalic acid, phthalic acid, chlorendic anhydride, tetrabromophthalic
anhydride, tetrachlorophthalic anhydride, tetrahydrophthalic acid and anhydride, adipic
25 acid, succinic acid, suberic acid, sebacic acid, azelaic acid, terephthalic acid, etc.
Orthophthalic (derived from phthalic anhydride or phthalic acid) and isophthalic
(derived from isophthalic acid) based polyester resins and their substituted and
halogenated derivatives are particularly preferred in the practice of the present

invention. DCPD modified phthalic and/or isophthalic resins may also find use.
- 30 Typical polyhydric alcohols include glycols, such as propylene glycol, ethylene
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usually offers equivalent properties at much lower cost. Certain monomers enhance

20 specific properties, for example diallyl phthalate and triallyl cyanurate extend the

thermal durability required in certain electrical components. Other monomers include

vinyl aromatics such as vinyl toluene, o-methylstyrene, divinylbenzene, p--

butylstyrene, o-chlorostyrene and dichorostyrene, the alkyl esters. of alpha, beta—

ethylenically unsaturated monocarboxylic acids such as methyl methacrylate,

25 methylacrylate, ethylacrylate and 2-ethylhexylacrylate, and the vinyl esters such as

vinyl acetate and vinyl proprionate. They find some utility, usually in combination

with styrene. The vinyl esters are generally less suitable for the practice of the present

invention. Preferably, the ethylenically unsaturated polyesters comprise from about 30

to 80 percent of the polymerizable resin—~forming components, with the remaining 20

30  to 70 percent being composed of the crosslinking vinylidene monomers. Control of
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cross-hink wi S e r _.ot.her NONer s; 2, 4-trinmethyl -1, 3- pent anedi ol

is par‘bi cul %grg}% g it o r%gf%?‘gy raé“gBS% ance(hy ‘éé-’ff%)éll h‘ihaéaﬂﬁ”éﬁ%&i s%é%%ﬁ?tf%u y.

i nfluenced &by]sﬁth@mpmtadg@é hoid, 197-ButBhd¥b ARd Hi&_ﬁxylélegglﬁsr f}@xﬁ%ﬁaglba% whi ch
ur

i npedes its reaction rate ing the cross-1linking w umar at e groups.
Usual Iy, t heotlentger Prapertg hapdificatingt s oflueined ghyy ¢id nomben saft mediylede or

di carboxylic cj d conponents. maki ng up th ol yester, the nore flexible

t he pol yejst(ggry?&‘XkB?ra‘ml _S%rggﬁpﬁﬁeg?@gﬁpaﬁf‘ﬁa@& Wiy Mﬁf‘ﬁ Feongti aitar e not
as effecti vigrAfatbAN@rcaNAiRnsdt YEid R FidklopBahdies: qﬂbﬂ’[9¥‘ﬁiag'& oftldBRt 1 ¢
nodul us of the copolymer. Synthetic elastoners also I'nd so Use ion

f1 exi Bbe padeyelsp ecatairGahanaottisticand Ggheri charadtenistio airé afesivad efr@h Steavtivre ousl y

oTer e (O e S OBl s bR p Tl ouroals and of azes (ol azes
Highly branched aliphatic or substituted aromatic derivatives introduce steric
effects around the double bond, which reduces its ability to cross—link with styrene or
other monomers; 2,2,4'-'trimethyl-1,3-pentanediol is particularly notable in this respect.
20 a-Methylstyrene is similarly influenced by the pendent methyl grouping on the
double-bond carbon, which impedes its reaction rate dufing the cross-linking with
fumarate groups.
Usually, the longer the chain length of the glycol or unsaturated dicarboxylic
acid components making up the polyester, the more flexible the polyester. Aromatic
25 components, particularly phthalic acid, are not as effective as long—chain saturated
aliphatics in lowering the elastic modulus of the copolymer. Synthetic elastomers also
find some use in flexible polyesters.
Gel coats and similar formulations are also variously referred to as gelcoats,
flow coats, flowcoats and glazes (glazes typically refer to clear gel coats used to

30 improve the stain resistance, gloss, and depth of coating when applied over cultured
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products). Gel coats utilized in swimring pools are typical rous
gel coat ¥OWe¥3coats typically include additional wax anﬁct'yﬁyp‘gﬁogpﬁgnd

have superior leveling properties to hi dzlg i nperfections on the bare
fi berglass side of nolded products. Tooling gel coats, usually neopentyl
gl ycol based, are designed to 5 neet the exacting requirenents of gel coats

whi ch are U%%preo freqyf ?F&d’d&@).”nb@ﬁ coat®eltilpRatin (RthniAl NeJolP Aty WeSicdIgSi Ns)
are often aval ab?e In two grades, a sumer grade for hi gher tenperatures
and a wi nt emogpades \wet bogs.ofidtercontt tgpicallys inghide dditibhal wa smi styeene and
tenperature of the curing material after. the additiog 8f %a@?rq iaile
catal yst. GARVEsaRernordsveing REWATLSH 1A disfsmArTegions Op 187 dyrerfiuetsless stie ©

neopent y| glrg@géed Péo%ux@st fto%iangrgﬁp%%gh&ﬁyﬁlgeg&&glr Jg@h bfded, NBe RESE 'tdgtg) of

t he present ntion.  The usu coat ster resin, ©

heavi | ys5 fil lgght Whd xatiik tequtenientsl &t gel (cond whighmare usell prasemicyretalds.shows
very little shrinkage because of its high filler-to- resin ratio.

For nul at i onsGelyguiatsalang other pelemetafesHsk atdeiten gealabipdn cypagpdiss 2@ Belded
just before appljcation, CGel coats ical r [ -
coating 250-5"75‘8‘i %%&W’f H?“&H?%fé’% aB? %é@bﬁe@ glé%iﬁlvlg%g{) rf’:(l}rllﬂg @%laj}?%gﬁﬁ%r%g%o‘% le gel

coat cont ai 1g;B9h8! BSferkidl€lof thei difiag Gesenl, aftdrSthe LidiaRa s hiappraprigie0ssy
appear ance ané does not erode to expose glass fibers as in noncoated FRP
products. A dayghystalGebebsytessing bapetl coowepemsylralyesl cba mikgre ot sersnty! glyeol

foll owing conponent materials: 20 Resin:. A low Vviscosit 500- 1000 cps)
resin 18 useWitagtier slygels e FE&@FF@ “1“5!3 Ipéac?tlc%ﬂ{i&ﬁfﬁsergll?vgﬂf{%rgt rapped air to
escape. Usual |y arjl gl ga%ﬁt 9LaR8 eker RIsRS BRECHed Ay FlIAPWAR o HReAOMIET Om
chi ppi ng caused by 1 npact or thernmal stresses. Concentration in the

“conpl ete forgnd pignmmt ifpresept)ciiat shoRs-v@E0kittly shrikgbe bedatd effits higth Ellerota—

wi dely used fillers are calcium carbonate (f.ine nthetic hjgh 25.purity
grades are U®88 TREP- kﬁoﬁfﬁukﬂl‘%@ogp@,ﬁy Wﬁﬁ‘gﬁa Q*E%‘_%ﬁ asc@{[wﬁ@ aPéaP%tang‘Mﬁ? ﬁﬁ%dr
silicate and of el a?biléaglgﬁe%eéES£9§; ity SRR ik & hafEsHRBAH codbiif RIsHES0

oxi des, net powderstan car bon, pendi ng on the particul ar physi cal,
cheni cak, orpgl@Rrkwikalpropelyaippliesamdesired dSincelthe gkl ¢daecsntaine nopbds fibemar i |y
to reduce the resin shrinkage, |ower the exotherm _increase the hardness,

i ncrease t hereitfercamentc 86 gudtdeietajns tnglossyARREITARLS] ang dgss 0ot $rods(o; ¥PP¥ase -

the fire retadance of \hanas dlie,daRaLty and opacity of the resin. The

A typical polyester gel coat formulation might contain the following
component materials:

20 Resin: A low viscosity (500-1000 cps) resin is used so it can be easily filled
and will allow entrapped air to escape. Usually a high-impact grade is preferred to
insure freedom from chipping caused by impact or thermal stresses. Concentration in
the complete formulation is typically 25-95% by weight.

Fillers: The most widely used fillers are calcium carbonate (fine synthetic high

25 purity grades are used for high-viscosity, nonsag coats), hydrated aluminum silicate
and other silicates, nepheline syenite, feldspar, carbides, oxides, metal powders and
carbon, depending on the particular physical, chemical, or electrical properties desired.
The fillers are used primarily to reduce the resin shrinkage, lower the exotherm,
increase the hardness, increase the thermal conductivity and dimensional stability,

30  increase the fire retardance, or change the density and opacity of the resin. The filler
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5-75% by wei ght. Thi xotropic Agents: Colloidal silica or fumed sil iigaU&atdk
magnesi um al umi num silicate clays (such as bentonite) are used as

t hi xotr ofYQOWI¥3} i ers to prevent sagging and running of PEFAFENOWbat when
applied to vertical surfaces and void-frge dense 5 surfaces. They are al so
used to mnimze filler settling and i nctease pignent efficiency. They are
used in concentrations of 2-15% by wei ght. O her known thixotropic agents

i ncl ude hydrc%ﬁ@éﬁ%ﬁ@ns%ﬁ%ﬁho@frbmaﬁ@ﬁgd wg]%htc acid amdes. As is well

known in the art, the thixotropic char Istics of gel coats need to be

precisely cont r diHbedrdpic Apes:0Colldidaltstice ko @isseddilidaid S4ib® A rhihimand
t he tendency. of SITICh films 10 to sag. The gel coat should be uniformy
t hi xot r opi ¢ S8i§atg<clays (ich s Papionte) Fpusesl shidirotrapis medifiers ty eravienasaggingf aces

and void-fr S S S oat .formul ations. typically. contain:

accel er at orgi‘,r:Id gg&g% (%a)gstf‘%%ao(foage hegi; dppli %cgﬁo i"ﬁ%‘&iﬂr Sl{rﬁée%gqcﬁv%i—fr% §3° coat

in the @l | otshlfbesi MTheidrd AthLEHEDt mARRl Catldr Ot LR frl%?‘é.agenhﬁ?ﬂ-n%ﬂt © g
st be pai

causing the gel coat to swell and winkle. Special attention
to gel -ti me efiradgncy.calieeydaresused inheonedssratipns ofi 2ahibsdeaeteighat | Othepfknawaobal t

| t i t t hi xot ' .such as funed silica.
Pi grent o: _PiLREIVEC GRee SHAPad HTEGE] RESPR G A S BBEC A6 L PBe ngheon .
They are useghiliho%aNa R &itth Bsx@fopi dAHaARNis | ;’lgﬂtq%eé c§§g\ﬁ§r§{ o besﬁlle%lggl s such

as acetone are added_totheforrrulatlontot eri a
sprayi ng comsntselieday vievhef the thicknessaxfohedepofiteidilment theotendéel of aluhylpe

sol ve is used since its use can.result in attack on the nold rel ease,
osun t1thg § 0L Tie S chirnbiiS pE Sty dhiustorst o sxoriminite AUPIoE MeRON S
i ncl ude 1 nhikitQr N i..n t and, def oani n
agents. 25 gg" ﬁegot?ﬂ g%eﬁc%?%€5ﬁ8é§ frhﬁﬁ%}éé&er@ 9%% %%:eg)a‘iogt g?r ‘ﬁ%}()ﬁ‘gesent
i nvention, aypically yphiaal dogelbratons) at @densi@nfRel die WaR ifiFdir tHeadund Bﬂt}Qﬁ%el

0

vertical surfaces V\Qen applied at  wet film (surface) thicknesses
appr oxi mat elc§aton sy glofted thme, wathsybsequent 3pphication phitha gesimiayninste causingate wet

o Pocuc B8 LD b 05D S s o 48 SR8 BARRSY
commoni STt hog) the bibssiption cdndedeazeitdtionr of @r esbdltSadeelratdrd bPuhOR¢ and by
thixotropic agents such as fumed silica.
Pigments: Pigments are dispersed into the resin to act as coloring agents.
They are used in concentrations of 0-10% by weight.
Solvents: Solvents such as acetone are added to the formulation to thin the
20 material to spraying consistency. The minimum amount of solvent (or preferably no
solvent) is used since its use can result in attack on the mold release, resulting in
sticking parts, poor surfaces, etc.
Other useful components include inhibitors, cure accelerators, leveling agents
and defoaming agents.
25 Gel coats, including those luminescent gel coats of the present invention, are
typically formulated to provide minimal draining on vertical surfaces when applied at
wet film (surface) thicknesses of approximately 0.50-0.76 mm. As much as 30%
shrinkage may occur from wet film to cured film thickness.
Typically catalyzed gel coats are applied to the release—coated mold surface or

30 other surface by spray (the most common method), brush, roller coat or forced slush.
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reinforcing fiber and lamnating resin are applied while the gel ]quﬁg Zﬂ[}?
still tacky. |f done correctly, the bond between the gel %gﬁ?@%o % e
fiber-rei W% | aminate will be an excellent one. Gel ¢ Hér mal 1y
supplied pre-accelerated to provide gel 44nmes of 5-25 5 mnutes depending
on tenperature and catal yst type and concentration. A sufficient anount of
catalyst to cure the conposition at anbient tenperatures is added
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bentonite, magnesiaIgoats dsahlgy A6k beotidedrin vehjuadies, with haminlhaiNX kadi, as)el hetic
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car bi de, al wontsartdinetl elongsesult ie amyitereal wiich is bsittleaandogrimbles upderstreset In of
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shrinkage, r@duagdinafiXOLherd¥ktnd edlns, tOMAURES Wil sipbndXP FNSIsOsdC artdilici ent,
i nproved heat resistance, slightly 1nproved heat conductivity, inproved
surf ace appgdwspioes raseltiuioecbase fasiutapion campe vsedcbrwesilysnodified for usedsie gel
crazing, inproved. flabr.i cation nohili tﬁ% i ncreased.?25 viscosity, inproved
abr asi on r e<i08t KSRelAmiRAtNg SeSR, £AStngTEsl oL P M%ji |l ers can al so have
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affecting cure and pot aln resin Surface treatnen

‘mi ner al$ hadnveatian ¢achdditionwb estertuaridflongrifibyr mirfotcpmentsy inslutiasiicorsdieaidat e, or
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WO 01/ 60943 c%ﬁ:ium carbonate, alumina trihydrate, platy talc, bentonite, magnesium sulfate and
other sulfates, titanium oxide, synthetic sodium aluminum silicate (SSAS), calcium
silicate, quartz, silicon carbide, alumina and tungsten carbide. Fillers can offer a

20 variety of benefits: increased strength and sﬁﬁ‘ness,.reduction or prevention of fiber

bloom (fiber prominence at the surface), reduced cost, reduced shrinkage, reduced

exothermic heat, reduced thermal expansion coefficient, improved heat resistance,
slightly improved heat conductivity, improved surface appearance, reduced porosity,
improved wet strength, reduced crazing, improved fabrication mobility, increased

25 viscosity, improved abrasion resistance and improved impact strength. Fillers can also
have disadvantages including limiting method of fabrication and adversely affecting
cure and pot life of certain resins. Surface treatment of minerals has advanced to
where uniformity and type of silane, stearate, or other wetting/coupling additive can
be tailored for optimum performance.

- 30 - Suspending fillers with appropriate optical properties are a necessary
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necessary that the any chosen fillers be balanced in such a may tq%tmEQﬁM
aidin kgggiﬁﬁ f.he phosphor particles in suspension. The ¥

phosphor Barticles utilized in the present |nvent|cﬁFVW4’WWHﬁ6stay in
suspension in a typical gel coat resin ¢ noldable resin. Sufficient
suspending filler to 5 keep the phosphorescent pignent in suspension nust
be added while taking care that the viscosity characteristics of the

| unmi nescent cRAPMERT of IR bl iiftdn6sn arle if ReS&Ssar 8ee ek E{N chdien FrmlfeH gyl ar
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powderly fi|mi prediotile giabhinar eCoarte snsqratdicag hitpl tans) fgrsmag isameldiagst be
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Colored sand or larger pebbles may be added to the luminescent thermosetting

polyester for uses such as fish ponds or aquariums.

20 Other preferred suspending fillers include microspheres, milled fiberglass
(typically milled with a 1:1 to 20:1 or more aspect or length-to—diameter ratio) and
other milled fibers and short fibers, nepheline syenite, feldspar, glass flakes, pumice
and mica. Calcium carbonate finds some use as a suspending filler, particularly in
crystalline forms such as calcite. Magnesium sulfate, calcium sulfate and other

25 sulfates in crystalline form also find use. ATH (alumina trihydrate, actually a
crystalline aluminum hydroxide) also find some use as a suspending filler in addition to
use as a flame and smoke retardant. As talc, carbon blacks and other powdery fillers
typically are not suspending fillers, great care must be taken in utilizing them in
conjunction with the present invention (talc also has a tendency to congeal if

30 - overemployed and carbon blacks may interfere with luminescence). Guiding principles



27 and specific applications are discussed further bel ow Flakes, including
silica, glass and mca, represent a special class of disconti nuo;@ AUG ZUUL
reinforcing fillers. Flake reinforcenments have an advantage over fibers
that t heyWBOY04%42 reinforcenent in a plane instead of al o%@?%‘é?%ﬂl’é axi s.
In flake 5 reinforced conposites, properthes such as nodulus, strength,

t hermal expansion, and shrinkage are consi dered pl anar i sotopic.
Crystalline silicas are |ow oil-absorption products of high Mhs' hardness

occurring naﬁdyﬁleélﬁcﬁﬁpﬁms At Afsbdssed mr@%}hel d novaculite. The |ow oil
absorption results in easy dispersion o iller and | ow viscosity of

~the resin-filler Hiakes, 1@ciBdmgi plht:at gasandnd umied, Seprecds &r peiant 18si Gf
prem um products,. very useful i nproverent of suspension
characteri st lé@mlﬁ’tb‘éﬂsfrie’@ TF158 BlFr St h}f FesprceBRts favern advantageaver fibers

reinfor cenenf. 5 hi¢ @rd?f?n‘% r%ﬁ’l%rtcbrﬂgi? in l%gﬂ%é xhﬁe'fds faal{nggé’avpl?l Paté(ganl%eftﬂlfgrl ne

hel ping to prevent” concussion to osphorescen

syeni te5and fedlfciepaicompysilesnsropartics sudlnss ROBELY, tstreh@h OferiAakpadith bhe 15
present invention by helping to provide weat her abl e, glossy surfaces and

i mproved st sheinkage aie RpprflerekplanaAsopiThey are hard, easily wet and

Carity Cexni brt CREBRREER, 3P i R R
suitable for oécﬁ%%ﬁﬁdﬁllfi QRtsagd, c}’lﬁ?ﬂz' e@ddloAR nov-EBﬂthar'ItHeCfo%v élf.ror g&?ﬁ oftf €

snmooth and gl assiike and i npart al nbst no color, and 20 ther e full
masst one ef fesulss of eawyl dlsp%tsldnlcafnthmﬁﬂgnan(bdmms@s@r ef rthal degiadfilleAsmixwi t h

all fillers oa th Y reduce shrinkage on cur and t hus_ prevent
war pi néb g‘i F@&%‘iﬁﬁ %lfsﬁl Slisthare Sé(ﬂﬁ‘“b"eéﬁ?’ﬂ’ﬂ“‘oﬁ’“f‘iﬁ‘é%e‘@%dﬁ? ful HeEause
fillers al somgﬁ%&m ek @ﬁsﬁcﬁﬁcl?a?&téﬁ&l@&tméﬁﬁdaﬁéﬁ?‘@? Rrikdlr 1(9!:[?&5(98% JReet s,
it is essenti that a resilient polyester or nore eX| ype used

i n fornul at i ankremfercemes! dthea h@s addpined] iberefit28s 8 \flow bgemdradUs edipidgokd ow
and solid glass mcr osghere deI used in resin systens as their

sphericity, RGNEHSPPAEIBRIS |p ?éesﬁ PAEK%Sty and other uni que

Cpneres range i n Seoipe GRMOLTPREERAN lopd BEHETRDaAERL Lo el el TG

hol | owi5havepressin ivention ay iHelpintetd pﬁﬂll(&Sw%}:h@ﬁbid uglbssyvuuﬁ—facé&@ncrf&hﬂblvéd’ of
particles | ess than 200 gmin dianmeter. The size nost 18 AUG 2004
01/ 60943 PCTHESOr&HIge resptance.  They are hard, easily wet and dispersed, enable
transparency and translucency in polymers with good clarity, exhibit chemical,
weather and abrasion resistance, and are suitable for food—grade contact applications.
The particle surfaces are smooth and glasslike and impart almost no color, and
20 therefore the full masstone effects of color and luminescent pigments are realized. As
with all fillers in gel coats, they reduce shrinkage on curing and thus prevent warping
or stressing of the laminate and peeling of the gel coat. Because fillers also reduce
elongation and impact resistance in rigid thermosets, it is essential that a resilient
polyester or more flexible type be used in formulations where feldspar‘ or nepheline
25 syenite are used. ‘
Hollow and solid glass microspheres are widely used in resin systems as their
sphericity, controlled particle size and density and other unique properties can
improve performance and/or decrease costs. Solid glass spheres range in size from 5

to 5000 um. Microspheres, both solid and hollow, have been arbitrarily defined as

30 - products with the majority of particles less than 200 um in diameter. The size most




often used in plastics is less than 44 m They can be glass, ceram¢
carbon, organic or polyneric; glass mcrospheres are generally pr ef&rAﬁ@aﬂM
in the present jnvention. Both solid and hollow spheres act as tiny
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whi ch eventualTy results i n ecrease 1n the |ight output.
Magnesium sulfate is useful for enhancing the brightness of the luminescent

polymers. As with other fillers, a crystalline or flake form is preferred to a powdery
20 form. Calcium sulfate and barium sulfate are similarly useful.

To improve weatherability of the polymer composition and to provide zinc
sulfide phosphors with protection from “overloading” or “burning out,” a mixture of
ultraviolet stabilizers is preferably added. When acted upon by ionizing energy, many
phosphorescent compounds gradually decompose with a resultant loss of

25 luminescence. With polymers, UV energy is absorbed by chemical groups known as
chromophores, such as a double bond in the polymer structure, residual monomer or
catalyst, aromatic or other double-bonded contaminants in any of the ingredients or
hydroperoxide or carbonyl groups resulting from thermal oxidation during processing.
The photochemical “greying” of zinc sulfide compounds occurs when exposed to UV

30 - light in the presence of humidity. This is thought to be due to the deposition of zinc




"Greying" can be prevented by elimnating one of its causes, viz.
atmospheric humdity or WV radiation. Atnospheric humdity and UV jgaglitagijion

may al so a time-dependent decrease in brightness during the
oper at i on%%&byg%t rol um nescent 5 polymers described her JW’AV&/‘]"Q(’

therefore inportant that sufficient UV sptabilizer or stabilizers are
present in the photolum nescent and el ectrol um nescent polynmers when
phosphors containing zinc sulfide are utilized. Wth phosphors which are
not sensiti ven thearyshél bingies, which eemtwdly adsuheineaddcRap®nahe REMBURRE S OXi des,
the UV stabilizerg need be present only in sufficient quantity to protect
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properties of the original polyner. It also generates free radica
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properti es. %lﬁ%efsa?ﬁelplr?gf’%mi tﬁ? Qp%ﬁmlpwgmféﬁGgﬁté%l“%neé%ﬁt%g’ﬂkﬁrw&%ni SIS
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screen WV energy (screeners), to preferentially absorb it (ra sorbers) or

t o -quench t he B¥Xdightdush at dkéloeenchens)! aindnate axides)ahe PO sfabiligeradedd beves
that wll react chem’.calfb. with the free rﬁqdi cal s and 20 hydroperoxi des as
soon as t heyP&Fet PR AL ée’i‘téﬁ’&@i‘tyttﬂ@ﬁqtﬁ%rt RUMNHYy interrupting the

.degr adahi on sequeng i i i S, tioxida and
poconi 39 Gecomosmrtyetdl HAbIERE et &R oB BENTRORL B R hIBRRINY, 2

whi ch rendererehgy giabsbiedris ndbt sapédiyidessipated, ©RElYRWN Bedh 6 RedR the &hbakhl UV
light. Useful screeners include 25 titanium dioxide and zinc oxide, with
organi ¢ synebids isthg pofymes’s,malecelaraghayy thy loweomalesalat weightheeinfragmentset hy|

i1 2] h t heRSTERE B 1% ARRRI0RPR Gl dhBimeTo g el e
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initiation of the degradation process. Materials in this 30 class conpete
~with tAé& pol barembeiklenienphdisedoragpn,uvhadkiag andalngs vifnphysicaligeopdrges  T9VAUG
2004, 0 01 9363 PRG0S he (5L oL 4
~they conver tsdghercBtifitiatisHOORCESPBLINE LiiTes 1 EdradnCAVEBRIBY (screeners), to
preferentially absorb it (absorbers) or to quench the excited state (quenchers) and via
incorporating additives that will react chemically with the free radicals and
20 hydroperoxides as soon as they are formed to render them harmless by interrupting
the degradation sequence (including free-radical scavengers, antioxidants and
peroxide decomposers).
Typical ultraviolet light screeners are pigments which render the polymer
translucent or opaque and absorb or reflect UV light. Useful screeners include
25 titanium dioxide and zinc oxide, with organic synergists such as zinc dialkyl
dithiocarbamates (methyl and ethyl zimate), nickel-organic salts and phosphites. Care
must be taken in utilizing these pigments in the present invention in order to prevent
excessive screening of the phosphorescent pigments. '

UV absorbers inhibit initiation of the degradation process.. Materials in this

30 class compete with the polymer chromophores for UV energy and win because their




whi ch is dissipated harm essly as heat. UV absorbers include benzoprﬂerm[??s
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ant i oxi dant s. fact, secon ary i oxi dants, organic nickel quenchers
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PCT/ AUOO/ 002%6 gl deconpo t&n{ to the exten ti“they are consuned in
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of the mechani'smof free- ra I cal scavengi ng
UV quenchers (excited—state quenchers) also inhibit Initiation, although they

function a bit later in the sequence than absorbers. They accept excess energy from
20 polymer chromophores that have absorbed UV energy and are in an excited state,

returning the chromophore to the ground state and leaving the quencher in the excited

state. The quencher then dissipates its acquired energy harmlessly as heat. Quenchers

include organic nickel compounds such as [2,2'thiobis(4-octylphenolato)]-n-

butylamine nickel II, nickel salts of thiocarbamate, and complexes of alkylated phenol
25 phosphonate with nickel.

UV scavengers and decomposers operate later in the sequence, inhibiting
propagation rather than initiation, through a combination of scavenging and
terminating free radicals and decomposing hydroperoxides to harmless nonradical
species. This is similar to the function of antioxidants. In fact, secondary

.. 30 antioxidants, . organic nickel quenchers and carbon blacks have been cited as




and term nation, where the stabilizer reacts with radicals forned i

initial steps of the 5 degradation sequence. W scavengers and dé8omsd8br s
i nclude hi ndered am nes (which may function as excited-state quenchers or
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pent anet hyl - 4- pi peri di nyl sebacate), di [3 (2,2,6,6 tetranethyl piperidinyl)]
sebacate and other tetranethyl piperidine conpounds and the |iKke.
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Fl ame-retardant polyester resins are obtal ned by using the reactive

i nt er medi at esd aither ttdimsthyh ipjehridine, carepqualds cwd pie Hikiei ¢ Chatapteristee of the

dib tyl | ) |, t hl ht hal,i hydri d d/ t
hal ogear o ildted-Srifegrys b ibé SRaRLRR BimsaeisR SRR e SRRttt S e )
br onobi sphe@lyefbder 25 RSN RTV OFRAERNGAY lis RXEARatBE AR Flos&si(tdewpRE USe.
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relatively higfianiéaBANSS thekd @pRoaches are useful with the present invention. The flame

retardant resins described herein also are particularly useful in that they tend to protect
20 the other polymer resins and the phosphor from UV light.

Flame-retardant polyester resins are obtained by wusing the reactive
intermediates chlorendic anhydride, tetrabromophthalic anhydride, dibromoneopentyl
glycol, tetrachlorophthalic anhydride and/or other halogenated acids and glycols.
Decabromodiphenyl  oxide (DBDPO)  (ether),  bromobisphenol-A  and

25 pentabromodiphenyl oxide blends also find some use. Ionic bromines including
phosphonium bromide are utilized for synergistic combinations. The dispersability and
compatibility of bromine—containing additives with the polymer matrix are extremely
important for achieving a good balance between flame protection and processability.
Many halogen—containing flame retardants also include stabilizers to increase shelf

30 life, improve thermal stability and protect processing equipment from corrosion.



5 treatnents can be used to enhance the various properties of ATH-f]id[Iﬁg
polymers, including stearate coating and treatnment with sil anes, ti é 408l

and phosphates to inprove properties such as flex stren%;tﬂk%
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Typically ATH materials for sprayup areygdesigned to yield |ow mx
viscosities 10 at high filler loadings as well as good glass wetting and
rollout with minimal air entrapnment and good suspension characteristics.
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preferred fwscosyypaidmsidifiowf | ane retardance. Foam ng agents, or blow ng
agents, and initiators may be useful in nolding processes and nmay be
utilized if desi Feucally ATH meatgsiatssion spriayiye arei dspignedl ot el doys nyixivisgpsities
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soluble in %%e resins utilized in the present invention. the |um nescent
pol ymdfs wi filler apittimparts zldepred offvdrslugenmyarot possibleoowith catiungcabante dife uch

agents are utilized. Another. useful conponent of unsaturated pol yester
resins are &Fé‘bd:eé%f es OETEfaeHon such as pol yacrylic acid, '
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based on phosphorus such as phosphate esters, vinylphosphonates such as the
bis(hydrocarbyl)vinylphosphonates and their condensation products, antimony oxide,

20 zinc borates, barium metaborates and molybdenum compounds. Magnesium
carbonate is an excellent smoke suppressant. Mixtures of compounds are often
employed and are often preferred for synergistic flame retardance.

Foaming agents, or blowing agents, and initiators may be useful in molding

processes and may be utilized if desired with the present invention. Suitable physical

25 foaming agents include compressed gases and the lower boiling hydrocarbons and

halogenated derivatives. Chemical foaming agents useful with the present invention

include sulfone hydrazide blowing agents, isocyanate-based agents, nitrogeﬁ——based

agents and other such agents known to the art. Foaming agents have the additional
benefits of helping to keep the phosphorescent particles in suspension and tending to

30 . force phosphorescent particles to the surface of the molded article. Since some



agents are typically used in anounts of about 0.1-5% by weight. Qher
useful additives may include |ubricants, processing aids and pri ndfyAUG 2004
anti oxi dants. Peroxides constitute the principal group of _nit.i

(cat al ystYOM6M4Yi acyl 10 peroxi des (such as benzoyl per gﬁéfé';(’%@gﬁ%ri si ng
one class and peroxy esters and ketonesz{such as nethyl ethyl ketone
peroxi de) the second class (azo conpounds may also find use). Organic
peroxi des are sources of free radicals used as: 1) initiators for free
radi cal pol mingaageﬁﬂa P M RFanGRARCLNIBE irZ el rOdinsOltilMEMM the PlesdhiSROeIRAOTES S;
2) curing agent or thernoset resins; and 3) crosslinking agents for

el ast omer s. thahnfibeschuti podynodrs wall adnyan ideatifighié pauipbstiage véfaastngygenhd such
tenperature during processing and curing. The peroxides nost useful in the
present i nvel¥eM8RTar@Izs8st conmonly used in conjunction with a pronoter
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di met hyl ani | i ne, Bkrexidygs canstititeetbe sprohcipringravpl ofp initedters dicatelyat) dwidh rigcyl
substituted anilines.. Sulfur or&ou s suitable as accel erators include
dodecyl!Omer CBBPHACTERIC FErReasOr RaOD CRPRTSPE MRS 8 BF QRS e 8tdde
phosphor ous- el e 1
i oh an or ghaied (Bchhs fERR MR ReRE pfroSdEPiE Betond KB (B TRERBLMY
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18 AUG 2004 WO 01/60943 PCT/ A 00116l 34 sol ubility, dZ@f et{\{];9 efficiency
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promoters are transition metal salts and acetylacetonates of cobalt, potassium, copper,

vanadium, zirconium, manganese and lead such as cobalt naphthenate, cobalt octoate,

20 cobalt 2-ethylhexanoate, divalent and trivalent acetylacetonatocobalt, potassium

hexanoate, zirconium naphthenate, vanadium naphthenate, cupric naphthenate,

manganese octoate, ferric  naphthenate, potassium hexanoate,

acetylacetonatozirconium, acetylacetonatovanadium, acetylacetonatolithium and

mixtures thereof. Resins may be further promoted with amine accelerators such as

25 dimethylaniline, diethyl anilines and dimethyl-p-toluidine and other substituted

anilines. Sulfur compounds suitable as accelerators include dodecyl mercaptan and

mercaptoethanol.  Other known accelerators include phosphorous—containing
compounds and f—diketones.

The temperature at which an organic peroxide catalyst initiator decomposes at

30 a useful rate largely determines the application. Other important factors are cost,




"Reinforced plastics are conposites in which a resin is conbined with a
reinforcing agent to inprove one or nore properties of the plastic hadli 30
The 10 &R &Y ement is a strong inert material bound into the qol astic to
i nprove its physical properties (such as strength, sti f f nesEABRY/ oﬁlﬁact
resistance) or to inpart specific chenmzgal or thermal properties. The

rei nforcing agent can be fibrous, powdered spherical, crystalline, or

whi sker and can be nmade of organic, inorganic, netallic or ceramc
material . Thelubitiyengity; efiicivabghid ke of @fichli g QIce® thebbsa®} iiGS ehsocdihd | but ed
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class incl udegb whi skers, mcrofi bpgr S, nefgeéréglgesf P%g?gl,%}cﬁgb@ég&%ga%ﬁ?l ed
fi bers? shoperorse AMEKIbar4)%andudoppde sommdreicibatadatiié pexdacts\dhe sipialy ar e
the ul timat e-gt &ength S ort-fiiﬁgi1 ei nforcenent hecause they are snall
with a hi gh™8yPEdcsng AyStae Y‘Efé"&?’é&?ﬁ%’rﬁ‘? GFEHRY Inve mextHFeeOyRTEXI | y
pol ycrystal kinit@udel Red hydebstngRrk. do not possess the purity and
crystalline perfection of a’'true whisker, with a consequent effect on the
25 mechani cal pr 8pmfarcek plaMicser@l cHinpesites anewhibbrd résibey sofubined whh nAt ur e

that are processed for use. Wth the phasing out of asbestos, wollastonite
(cal ci um nERHOIGNG 2850t tOABPERSS PR ORNPRenBICAETtEY BB the plasie weatsix.i nBl t ance.
It hagpt he .. Qf pure- whi t-e, | icuar {(needlelike orm
ChoppzlélJ and m eglggtl %grsg%g?g{ eﬂn%%}l r%(ynqhgdh |tﬁ§gﬁglj ' {Obl p§°‘§eu§“hp CGI ass.
fibers, carpopertiesr(ewhamd saemh, dstiffdesy or impadOrevifthhcedSorNRt ahpdri Q?éc‘%ﬁc The
properties of the chopped and mlled fibers are related to V{i) 017/ 60943 35
18 AUG 2004chepitsal quchetsea 1sopeties ctiheereinfpecing ageat wam be ddhrovs, repwdsrdiod.

Resilient ther I L fi ihCS be .specifi.cal |l y.engi neered
to inpart ngg,gfeﬂ?dﬁ ’d%&%’%@?%’tégq%%s%?%npIacghtq%e%?‘%s”%? Yy Poisansy Blﬁé”{cl s such
as non- abr asdrv@itemstedld Fhetstrength-asi-obiaRC tatioMst Rlrdfbreed ipRRES is MBGH&Y! arly
stainl ess steel fibers, make an excell ent conductive reinforcenent, but

t hei r 18 hi glargehy tocthe gatireeighe Frifofoementspwith dlipphitoamiacersl of tdsintsesving to

i ntroductio f.much.l ess  ex sive conductive fibers and fjllers,

i ncl udi ng a? § 8%318{95?38‘5“@ tgg%etg?ri rt0 gnsug fhe load o theserndoncing; fhisener and
mel t - spun ahihed mederiki bers. Ceramic fibers offer high

Micro and short fibers will do a reinforcing job that is not possible with either

continuous fibers or fillers for injection molding, extrusion and transfef molding. This

20 class includes whiskers, microfibers, mineral fibers, chopped and milled fibers, short
metal fibers and chopped metal—coated fibers. Whiskers are the ultimate—strength
short—fiber reinforcement because they are small with a high degree of crystalline
perfection. Microfibers are generally polycrystalline fiber bundles and do not possess

the purity and crystalline perfection of a true whisker, with a consequent effect on the

25 mechanical properties. Mineral fibers are short fibers found in nature that are
processed for use. With the phasing out of asbestos, wollastonite (calcium
metasilicate, CaSiOs) is the mineral fiber of primary importance. It has the advantage

of a pure~white, wholly acicular (needlelike) form. Chopped and milled fibers are

made from continuous fibers such as glass fibers, carbon, boron and aramid fibers, as

30 . well as metal fibers. The properties of the chopped and milled fibers are related to




tenperature resistance, high nodulus and conpressive strength and
outstanding chem cal resistance. Resilient thernoplastic fibers hageAlsemm,
specifically engineered to 10 inpart needed durability t Il

t her nnsefvé).'%f&ﬂ%?gfi brous reinforcenent nmust neet specific g%ﬁégé&é&(ﬁm

requi renents of strength and cost. Foriszgany | am nates of | ow strength
requi renents, paper is an excellent reinforcenent. The preferred fibrous
reinforcenent in the present invention is usually fiberglass. Several
forms of gl gasctirebgte PhAduGLacoamghaetis®d Riedilient ehdtopbitfideds [diefapB&st ti ng
pl astics. These include woven fabrics, continuous strand roving, chopped
strand, woveny bospesificalyengneercd tedmpart peededcormbility bukritdle thasgosaitianshigpped
strand), yam mlled fiber, etc. Surfacin ts or.veils ( -weave

o £ type’ cPipies) Sb £ pBPTRR NNt NOHBIEsS: | T e ¢ a
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mat ched di eE‘?rrtt)lF%?rr%g andéggt ﬁeer pe)r (’)cesse%. In Zoogenelr?il ,1 f%r opén nol di ng
and preass nhigafdick axtlnd¢sethermvummmbstitapplisatiane withrthe urgefduktioranf nmoh dess ormon.
For nol ded products, ponwoyen mats. are npre versatile and le expensi ve.
A nonwoven FEreRIHEFOKBICH R 380 FUFTscipgndoe DB BCOBES St %E‘Ffuéﬁﬁﬁry

hi gh strength_at hi S i eg to: re
exotic rei ﬁl?l rlr%:uenef?iﬂt?s,r}bgﬁp sgr%g%;#l?gsb @a?@gﬁ&ﬁ ?g?{s' rrgtE %%xﬁlé?bgggi ?fg&f Plgfe{[r)s,
ceramic, ar gfsbratdfe (euiseiRe, dighohpdaiuslesy, chnifreisiveasneriglh carbotitstanding
carbon/ gl ass hybrids, ceramc fibers (defined as nonnmetallic inorganic

fi brous mat ehdmital resigiancas Resifienidhesmpplastiaiipess havedbeen specifigpllyaengingeies 1o bor on
fibers and silicon ,carbi j whi sker and fiber forns), alumna
bor i a_—@ i c ot ’éﬁegﬁ‘?ﬂ ragﬁ}:ygt‘r%ﬁrbg{t{s}% ﬁl{ggxgsiegsmh_ as Nextel @ or other
materials may be An9QubfoRd. redfofdemsnt MRErmeRi §eoificCBRPusé YiRhGiadments radr oves
the properties of the polymer WO 01/60943 36 18 AUG 2004 PCT/ AUOO/ 00116
conposi te, seength iand costor Fex argply daminatesj qfhlowt steangtih reqyiraments.opaer 48 abi | ity,

Choctricar SROVERUPEITESC o e R eremed APIoRs RNyt B 5F 2R b BREEP i ne
t he physi Cahsbyékﬁlﬂﬁgfét?f:ﬁ?ﬁﬁs&@fapf&ﬁﬁ%@ gliBd 84 prétfictsScan’esised FRQEIAREINES t he

amount of fi e ratio of glass to resin. 5 Strength increases in
di r ect19r opdhdrinosetting tphasticl. asThesoninelnde vwiveer fabmesgt dontimebusostrandt eving)

af fect | oad-beari ng_ c(gpabi lity and conti nui tzht‘)}ol{g stress tragsffr.

Uni di r ect i oSBPPRSASEARG QYRR pPBUS OLWEPER (HRdts FRptRuPYs Sraad and ehanpsl and

-mekes it strand), yarn, milled fiber, etc. Surfacing mats or veils (open—-weave, soft-type cloth

glass fiber and synthetic nonwoven fabrics or mats with a thickness of ~.25 mm.) may
be used to support resin—rich surfaces in matched die molding and other processes. In

20 general, for open molding and press molded laminates, woven fabrics are more useful
and more common. For molded products, nonwoven mats are more versatile and less
expensive. A nonwoven form may be preferred for cost considerations. If unusually
high strength at high temperatures is essential regardless of cost, more exotic
reinforcements of graphite, carbon fiber, metallic oxide fibers, ceramic, aramid

25 (aromatic polyamides), hybrid aramid/carbon, carbon/glass hybrids, ceramic fibers
(defined as nonmetallic inorganic fibrous materials such as refractory ceramic fiber,
alumina fibers, boron fibers and silicon carbide monofilament, whisker and fiber
forms), alumina boria-silica or alumina chromia-silica (such as Nextel®) or other
materials may be required.

30 ~ Glass fiber reinforcement typically improves the properties of the polymer




possi ble to achieve up to 80% gl ass content. Bi-directional orientation,
with a glass content up to 75% usually places fibers at right anglgeg)gt

each ot hs‘foew63§‘{30\/i de 10 strength in both directions. W|ﬁ¢f/2{§§0?°éi{6onal orl‘

random o on provides equal but |lower strength ina I ons,
with a glass content up to 65% Silicatggbase fiber glass is manufactured
froma nelt of SiO2 and other oxides that are allowed to cool in fiber
formw thout crystallization (anmorphous forn). G ass reinforcenents having

a variety O_Eoﬁgaaa@;sjtetshmg,_, fof EkaaipRetin AihRieRE®, ARRnfiHaISaBlif), rdnidRelyl 10
this invention. Various fibrous silicon oxide materials can be used.
Exanpl es of tanygesatursf extigings scoripsiondesistiyipe, deserablotelecinenlt pdperties andpeaséofl ass

| kal i gl .whigh i I to th t andard soda | j ili i nd
bot e gl as EtEaRe; PP, SoGRoeSrulEmes pRANT Prgpabd of Fondisey Toedype
most wi dely 89&@@' N8kt [RhdHaAE GEdhPhRBLAC BF (@eﬁ(as&fzrtﬁ)elﬂr&t[q %gyéésk CRt fesll ass

with good resistance to water, fair resistance to al ka poor
resi st @nce SaeagthdngrenyaseinCdyé@spopartioal i tim glassriconst i céibe) lentyhpend and

t R ¢l , (hi.gh- st th,. hi.gh-nmodul us t | ass f d d

c)cl)lrorgosi tgs?zﬁaéfa{lgrypéﬁ%?ngqag-s-%ea'(lg&pgo&vg&@ é’g‘f ??‘g’&gg‘%érgérgﬁ?ﬁ\fgg%gﬁﬁeﬂ ower
d ity). The.di . i i bh.y. I 0}
i cr onot er s CHGERHTBHE ocfialiF pR AR, SRl drenfh S G UeckiBR 3ph 1B o

fiber di anepessibl@teaditaialdpyroB0deglasacomeiterBiddisdcgordl iogientagbnyegith A ghizsl Z.
The nost common dianeters used in glass reinforced thernoplastics are
Gfilanment cemeutud ten/5Yy, uwallkplacesafibers af Jigbtiangles tongaghy othsr thieYide i ber s

~up to R-filanment. (about .18 . 1y: QCeash .y be. ilized. Continuous

P anefl o1 e 5 BOWLAisPafy, "M aRERR BF R Ggtigh'yEBigos B " 7

3/4, and 1 bRCIBWRF st in af | ireC@MR oW b Rthse Edrit€aty tb B5X%Ar i ous processes and
18 AUG 2004 WO 01/60943 PCT/ AUOOD 00116 37 products. Commercial gl ass

fiber reinforcendilicaisrindefber gless iumaryfpgiuesidfean aindicef 30k iand othtee okideer

f ti , i t d. t . d with, sjzi

(o gani o Ay g Blust dnfoflas EbRIPLR SinauffVsehteRioh (ErdahSunlotths Glacs ot
sizing on  ReibfeceteARShdviddes vRAQY UG coniRskidhd, YiliREH QBarhdtrd AR mE-afe t O

about 1.5 wel ght percent based oh total weight of the glass and the sizing,
‘al t hough | oaskfuigs thipinventik®. per cent my be added to mat products. Sizing

Tt MR A PRI T A R R R
glass include, but are not limited to, type A glass (an alkali glass which is close to the
standard soda lime silica window or bottle glass composition); type E (electrical)
glass, probably the type most widely used for reinforced plastics (a

- 20 boroaluminosilicate glass with good resistance to water, fair resistance to alkali and
poor resistance to acid); type C glass (a calcium aluminosilicate); type S and type R
glass (high—strength, high-modulus type glass for advanced composites); and type D
glass (improved electrical performance and lower density).
The diameter of the glass fiber is preferably less than 20 micrometers (mu m),
25 but may vary from about 3 to about 30 mu m. Glass fiber diameters are usually given
a letter designation between A and Z. The most common diameters used in glass
reinforced thermoplastics are G-filament (about 9 mu m) and K-filament (about 13
mu m), although fibers up to P-filament (about 18 mu m) may occasionally be
utilized. Continuous filament strands are generally cut into lengths of 1/8, 3/16, 1/4,

30 - 1/2, 3/4, and 1 inch or longer for compounding efficacy in various processes and



protection for the glass fiber strand; a filmforner or binder that gives
the glass fiber 10 strand integrity and workability; a coupling aganuﬁtn?‘t
provi des better adhesion between the glass fiber strand and the polyneric
mat eri al s YR843 reinforced with the glass fiber strandPCHAYOQOH G
additives such as emulsifiers, wetting agents, nucleating agents and the
| i ke. Various sizing conpositions have been devel oped for. glass fiber
reinforcenents to provide i nproved adhesi on between various pol yneric ‘
material s 15 pasdhctshe gl ass fiber. The lubricant, filmformer, and coupling
agent can be a single conpound or a mxture of two or nore conpounds. The
filmformer is usdaininerwat glassbbabkiafoocenvant prodamsl st Livally 8iz64 eithg during
processi ng an}(ljq ﬁESt be non-sensitive to water after curing. Exanples of

filmforners 1§ HRFUEEMaHAR PIPEESHAY In; #riPosidreaidenp cindetiugrare soploxsjthr sgings,
ol yur et hane : RYAVA! | yvi nyl al.cohol s,
gt y%lgne- but ag?rgﬁﬁelh ?égﬁé%ggh&%’[ug)rzc agekgla%xdclf% ?‘#Yeﬁﬁ?r&g{a?édrhgg% %b?%n‘&%éﬁ%f’ni s

usual |y & si tenglassofitir ipngding eypicdllyatnded Sran Ayelitad. Y 28 b6ut 18I Wiyt frcdpndi ng
to the glass and a reactive organic noiety that is conpatible Wt t he
pol ymeri c mabasedan tekal syeighs of sheyglasseandstbe siamewlthough doagings sipfto Hér ercd@onpl ex

chronme and ti t |, Nkl r in ent.s al so may be uti]ized.
25 Car bon f1 By Sigel A8 e BLBRET SEAPLANEEROI B 18 ot pn st s
sporting- goeesllap@ntftd Qitgicadth@enerblie antinedfypaOMbisst3NUhRdh! 6Ra9d3s how
density, low thermal coefficient of expansion, |ow coefficient of friction
and excel | enprotegiogtfanthe glessdibst Str@d\'/iarﬁzﬂffennql orehiptes thae goves dhe glasssfitend
chem ca{é)s. Ce glg'%c tfi ers qare lg:;&t]ti_nuous {.i bers of netal  oxjdes. The major
‘advant ages oftTasn MRILE 0 SPLRARILY:, & SPURING, 2 ibAG Prevadese Retter Aathesion us

hi gh modul us paRges BEIRS HbYLstAdAHS (ROMMymMR AdAIR43: RETY A% hG,38
strength. They al so have outstandi ng chem cal resistance and can be woven
into fabricglassShbeerstiand,ypesotbér adshiches tsicheast érllsifiersaweltting eests anldstiggn t o
be useful for |owe ihng_kt h%i nnate. el ectri.cal resistivi t%@of pl asti cs--that
is, to inpar CEPLF #dGIne dikE o NATORS §iZing coOmRpPLIlips hayp been devslaped fenaless fiber
conducti Vit yzs i i iheci ot IhSSdat.l . .

sem conduct i \r/eeﬁﬁf;%g{e% 1i(‘bo oggiv?eeﬁﬁégﬁj:édg ﬁ?lgfg?tﬁ%e%gnx}&ﬂggég %e’{/‘%,ma{: %als
provi del5shi ekod g gdesi fiter. elteciubieant fémi-forinat, enﬂeﬂbe?lﬁfg oMt Lari Be @l @dlé oni ¢
packages and cabinetry. Addition of conductive fillers and fibers may
prove parti cGPHPPYRG T SFMIXIUIGOf HVQ ARMBICLOEHOURdSyent i on i n el ect rol uni nescent

applications wher gpanggl 61HdCH usually water soluble or water emulsifiable during
processing and must be non—sensitive to water after curing. Examples of film—formers
include, but are not limited to, polyesters, epoxy resins, polyurethanes, polyacrylates,

20 polyvinyl acetates, polyvinyl alcohols, styrene-butadiene latexes, starches and the like.

The coupling agent is usually a silane coupling agent that has a hydrolyzable
moiety for bonding to the glass and a reactive organic moiety that is compatible with
the polymeric material which is to be reinforced with the glass fibers. Complex
chrome and titanate crosslinking or coupling agents also may be utilized.

25 Carbon fibers are used in such areas as automotive, aerospace and sporting—
goods applications. They offer high modulus and strength, low density, low thermal
coefficient of expansion, low coefficient of friction and excellent resistance to most
environmental—exposure conditions and chemicals.

Ceramic fibers are continuous fibers of metal oxides. The major advantages of

-+ 30 - these fibers are very high temperature resistance plus high modulus and compressive




10 , current is used to excite |um nescence. Another group of materials
that has been found to be useful in conjunction to brighten and ihﬂpﬁbv@ﬂlr
reflective qual ities with the present invention are |um nescence enhancers
such as BRUE&43prighteners, fluorescent whiteners, col orf PrAM%8HErs and
spectrum enhancers. Fluorescent daylighggpi gments are particularly
effective in 15 conjunction with UV stabilizers and benefit from UV
protection. OGther materials that may prove useful with the present
nvention i geddsgle ClHed! alsBKhVeABlStandif® At @fkaPAdisHRtd YAd I8 el WbvddVinto
protection, daylight fluorescent pignents, pearlescent pignments, netallic
fl ake pi gnefdbsics.t her nochromi cs (produci ng heat- activated col or changes),

phot ochrom cs (pr.oducing |ight-activ d col changes), 20 dianpnd-|ike
materials from sofYRfo e%fogp‘iﬂng'b%‘é(ﬁ%@&? W%B{beisoﬁférk thoeatsssl g e,

The fol | ow pg, ARSCHIPLANRS AE&HEX ARk@ryOforMBhSids Al tiE‘,.a?]o nmé)aﬁe pdkal 1 zed
to practice the“present 1 nvention. They shoul d be consi dered as exanpl es
and not5 as combhigtivity. i Fhisi i @onA@UAEARDeIB 3T 7@ndh@mvity-galtsadt of kdctrpstateict
code no. 12217), obtained 25 fromfi b?r glass international (FQ,  a
di vi si on of diASIPRLIRERIDK SEOpEpRWEN . PGSy (RIPgWestcablsoiielies #1d ardfiéieand,
Austral i a, b I%Qlcf%rs‘h[%?cﬁm Qc_aaln@t ClectRSRRGABEY ek %&5 (E‘ltgﬂ) inpeﬁe%g%g%i%%gclgig\ég ol

R ydrate’as a rla

S

based pol yescf rgel coat Ttont al ni ng aJCUm na tri

retardant. AsJJABUARE gslidined of Sormluptiepfillerdbmiiitdis xay hepiedasiuiylydisafhe

devel oped primarily for use in sanitaryware applications which also finds
use in 30 apiithi thet Presentsin¥ents BwpleeH Hgmpseaest applisatiosrphgsl enledtacahi ghl y
durable with 18 AUG 2004 . : 43 PCT/ AU00/ 00116 39 excel |l ent

f1 ow I@v’el i ﬁ‘érr?ﬂt6%%%8513%3?01?\{3?%%@%%&% el ease, good sag and triping/winkling
resistance wth exeeld erdupwerahhienilfthat BSJ Sdedfoenddthbetussfi@ih REoRko
flexibility. AQUAGUARD has a gel time (2% v/w NR2O MEKP) of 10-15 minutes.

JS AQUAGUARbLrighten ané irfproie i¢fiBceer q@ifieowithithe areserdanvepboy exstlaminssganehie gel
5 coat used as a topcoat for .swinmn ool s cont.ai ni ng funed .silica
benzophenoné&aaﬁﬁf chAR rﬂ?l“%ls%\?mﬁﬁ'i%bﬁf’%egceg a @E?%f?’gﬁoa‘%rﬁ%ﬁ%f{e& g
octoates as sﬁééhhﬁfiteﬁﬁaﬁlcerﬁsp@ﬂnﬁé@@m( @éyliéﬁ@bjgn%&@'afbﬁ ‘ﬂ)al ey @ftelfive in

Australia, I's a lowviscosity, lowreactivity, high clarity, acrylic

nodi fildd pokymstaonvadi U Voeaiilgpescnfl denefid domatiMprotectistt.i ngs and enbeddi ng
where excellent coJor and clarity are desired. ESCON EX80. 10 is supplied
pre- accel er at ed éﬁgers‘flﬁﬁﬁlql? shatyma pﬁqyﬁiwg’gwé‘gs%%?@rs%ﬁti“EYﬁ“%‘?iUmS’é‘EI%PP ation

extracts, isolates and derivatives for UV protection, daylight fluorescent pigments,

pearlescent pigments, metallic flake pigments, thermochromics (producing heat—
activated color changes), photochromics (producing light-activated color changes),
20 diamond-like materials from solutions of polyphenylcarbyne, color concentrates, etc.
The following descriptions are examples of materials that may be utilized to
practice the present invention. They should be considered as examples and not as
unduly limiting.
AQUAGUARD 83279 clear gelcoat (FGI product code no. 12217), obtained
25 from fiber glass international (FGI, a division of A.C. Hatrick Chemicals Pty. Ltd.) of
Southport, Queensland, Australia, 1s an orthophthalate, neopentyl glycol and
propylene glycol based polyester gelcoat containing alumina trihydrate as a flame
retardant. AQUAGUARD gelcoat is a prepromoted thixotropic spray grade
developed primarily for use in samtaryware applications which also finds use in

30 - applications such as swimming pools. AQUAGUARD gelcoat is highly durable with




by W light. On the addition of 1% MEKP at 25C a gel time of from 45-60
m nut es can be expected. Curing proceeds relatively slomy once {hdlUb&kin

has gell e very | ow exotherm (approximately 40-50C) ch s give
a sl ow e\%(?} lé‘i?r"‘é over a period of several hours, ensuri ﬁégf’ﬁg'f’d@%"gku ng
and di scoloration due to overheating is345 avoided in |arger casting. The

| ow viscosity of ESCON EX80 is advantageous in allow ng fast rel ease of
ai r bubbl es before gelation occurs. Post curing of the finished article is

essential . EI(ERhCREG/1&Eng @2pertata! dpie dirf fewzkeF@oo@fsaA%a rt?i ln%/wr'uﬂdxﬂg medi um

viscosity, low reactivity, unsaturated fumaric acid and
- (ort hopht halresiggncbawehl e@eﬂqﬂeswwth@msme (®4-28@3h mlaeyrebeoﬁs dibsibilityut ed

i nt erchange i exa | es eln 1 286) resin
descri bed am A%%@& jame @{AW%W?‘%&% e‘lm“b‘ i gned for the
production of degg A?cgp mb'mérm?ﬁsﬁ/@é&@éz&m is &%9@19&%;%@%& Yerare
essential. It is su r

pre-accelerated for roomtenperature ~curing with
a gel t3ne ebat?fsedCasna m;ﬁcest fitr s’za\'&ﬁmi\n'xg podiebchERignfimed ndilsdan bemphémine| | zer s
to mnimze discoloration For very | arge castings and

| ani nat es | @nsgy phenol Pé*\éwaﬁan@rwda%%alt%ah@ﬁmrané QFiOAtSs @8 8¢tV $esi n ESCON
EX80. POLYLI TEaEf%C@ n]%QQO g6i1 %58)' %% lyedlg?grgq{(}sl Jfoﬁﬁstrgh \MI? b Ié\ﬁﬁ&t.c)osn

Rei chhol d Cheni c at urated pol yester resin o bratn rom

Australia, jb% rditRiy e Htcthait m6@fb@ipBiveder AR @kighed FQSHdtontive
40-50% st yrene rmnorr%r s I\%QP&?QX -303 |psye Jot un Polgyrrer AS, Norway

(now Rei chhehstingSaid emued@t@wher*w@x@dkao@d@r mmms_xml 4ESG@NAE9¢0
product obtai ned f om FQ | of

6 t hal
polyeslrr dsn 3 gPevacielr LR FORGEranTr BE0oFOR: 40y AEREoHREsi on
(LSE) a5y heflesoniphditiontand, MEI@IF’E@)’5°b99Ygé!'BnéFH?'fﬂoS§h5—Q§@ miMidsabl e

for ness rom 3-7 mm appl i ed wet-0on-wet is thixotropic
and has a buwahbe Ieﬂpéi:c&zieI@rmgqxo&eﬁy&lmlglslumoﬂm\thevesmhms geltedt eerydowt ur e
conbined with relatlvelylong eltime and rapid curing. It has a geltine
(2% MVEKP) ofexgthens ﬁappr@tc@sat¢ h ‘@uﬁ?r&) almaczmsyes gﬁ‘ien%ltslé)é” ieHemMiHES PYEDRON( 1 )
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rigid j5ophtlialded ih dtefatdshf." SeMoW h&@%ﬁ@flmmiscﬁvaﬂﬁgaﬁrstmes and
heat resistance containing a maxi nrum of 55% styrene nononer.
allowing fast release of air bubbles before gelation occurs. Post curing of the finished
article is essential.
ESCON CR64 (61-283), obtained from FGI of Australia, is a medium
~ viscosity, low reactivity, unsaturated fumaric acid and phthalic (orthophthalate) based
20 resin. ESCON CR64 (61-283) may be substituted interchangeably in the examples
herein for the ESCON EX80 (61-286) resin described above. ESCON CR64 is a high
clarity polyester designed for the production of decorative castings where excellent
color and clarity are essential. It is supplied pre-accelerated for room temperature
curing with a gel time of 20-30 minutes at 25°C with 1% MEKP and contains
25 stabilizers to minimize discoloration by UV light. For very large castings and
laminates it may be preferable to use the slower curing casting resin ESCON EX&0.
POLYLITE® 33-100-01 (Formerly Koppers 1061-5 West Coast), a
Reichhold Chemicals, Inc. unsaturated polyester resin obtained from FGI of Australia,
is an orthophthalic, wax~containing laminating resin with 40-50% styrene monomer.

30 NORPOL 62-303 is a Jotun Polymer AS, Norway (now Reichhold AS




PCOLYLI TE(r) 61-358 and POLYLITE(r) 61-359, Reichold Chem cals, Inc.
products obtained from FG@ of Australia, are high performance i sophthAlG 204
wax-free polyester resin which are thixotropic, prepronoted, easy to roll
out wit h“ﬁﬂ@@g%‘?ty 1.5 suitable for spray-up, |ow exot herFRT/AUOHI0L16
sections and have a high degree of cheppcal resistance. POLYLITE(r) 61-358
is wax free. POLYLITE(r) 61-359 is a wax containing |ow styrene em ssion
(L.S.E.) grade. The gel tinme at 25Cis approximately 15 mnutes with 1%
MEKP. - POLYL L s34 1; ish i cal.s,. I nc.
20 product SN-éE‘%é‘?)n‘géa%?g)r%%F%f%%A%%Fég |ugt,Jr al%f eN(r)lﬁg:dé‘, g%galog?)?rgﬁooﬁ’?‘(k:hahc

pr epr onot edpolgédiéroebintialai median reattiveggenesi parposs MW atyeehel @hisbPEUSIEGN of
reinforced plastic parts by spray-up or hand lay up techniques.

POLYLI TE(r) redin- designed formbharid e spray 1ayPep Applieagion, 8itaBieifoc damiaitashiskness The
gel tine is_approximately 25 mnutes at. 25C wi.th 1% MEKP. Col or change

gi ves vi suafroﬁhéTléfﬂni’ Gﬂpléd WEFAPyWe: i oS tHRPURE anééaﬁ griyiltyp pRcalEAoE ol or
when cured. L - ' : [ R
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l'am nating g% BuG@t Ribak Ageltind (W6 MEKD) 00 3pots fhsnutdddintsuiitedlahy 20586 ul
when clear |lam nates are required. The resin contains 30-40% styrene
nmononer andnimptehinRgntebpi c, prepronoted and 30 formul ated for spray and

hand application i el t} t ,25C (1% NEKP) _of 2004

01/ 60943 41 PCT/ i&%ﬁgo%‘g 34008 rpegerr RIGRER) 1556 gy w%w‘ggdm ¥
conformto UB@:ﬁchis,' o NshARdRhSSesterRRERD ish a9 Fee, ﬁgh MAeculfdWtigihy, 'at ed
sel f-extinguishing to ASTMD 635, and having a rating To AS1530 - Paft 3

1982 afo | gniikabisophthalic dewindfng Sesite awitho fexBélne mechanicad. propiatits Evdl ket | ndex

10 and Snoke Devel oped | ndex 9. Ir@f%yed fire retardancy can 5 be obtai ned
by the addi f§SHHRIGE CONHAINSARALTER A AW IFBRICEPTSXi de or al uni na hydr at e.

POLYLI TE(r) 61- 4381 v 1Rpise B9l S5 CRRIPRANTITEI $1 o0 dSnoBP L AEARGLT 9 PO

of Australia, is an isophthalic I'bl'e casting réesin contarning 35-37%
nmonomer  WhipduisVdtSaiher6@l KG1 anduditagif) sre Highxpdifoemense isdiEhalic twixs figs ed

with fillers in reproduction castings and as a blend with other resins
where it adgelytsterscidsin whigh el thixotropielprepromeseds pBehto 661l Ruhwithevissasited
g?;,l nL-'gheog&{a%le osr%%yayigg, .io%_eélcét efm qg ttgiicgesgctwng rgné' haC\:/'e al_%}grhi Sel:(grg:eh %?1 cal's
chemical resistance. POLYLITE® 61-358 is wax free. POLYLITE® 61-359 is a
wax containing low styrene emission (L.S.E.) grade. The gel time at 25°C is
approximately 15 minutes with 1% MEKP.
POLYLITE® 61-340 and POLYLITE® 61-341, Reichold Chemicals, Inc.
20 products obtained from FGI of Australia, are rigid, thixotropic prepromoted
orthophthaiic laminating resins formulated for production of reinforced plastic parts by
spray—up or hand lay up techniques. POLYLITE® 61-340 is wax free and
POLYLITE® 61-341 contains wax. The gel time is approximately 25 minutes at
25°C with 1% MEKP. Color change gives visual indication of catalysation, gel and
25 cure, with low color when cured.
ESCON EX663P 61-627, obtained from FGI of Australia, is a general ‘
purpose, self-extinguishing orthophthalate (phthalic) based laminating resin containing
halogenated compounds, particularly useful when clear laminates are required. The

resin contains 30-40% styrene monomer and is thixotropic, prepromoted and

30 formulated for spray and hand applications with a gel time at 25°C (1% MEKP) of




Bot any, New South Wal es, Australia, is a lowreactivity, mediumviscosity,

fully flexible isophthalic resin with a nonomer content of 30% and] & AU®a

t enperature 9e| time of approximately 20-30 m nutes. ESCON 400 is used to

nodi fy ri%P8F®43 ns to 15 inprove inpact resistance and mifmitP%tPesses

and shrinkage and is used in the manufagfure of filled patching putties
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manufacture of filled patching putties characterized by excellent adhesion and storage
stability.

POLYLITE® 61-801 wax solution, a Reichold Chemicals Inc. product
obtéined from FGI of Australia, is a 5% solution of paraffin wax in styrene monomer.

20 POLYLITE® 61-801 serves to reduce or eliminate surface tack caused by air
inhibition during cure and improves surface finish, while the film forming
characteristics of the paraffin wax also assist in reducing styrene emission from
polyester resins. It is also useful for improving surface smoothness and luster and
reducing the need for a mold release agent.

25 AEROSOL R202 fumed silica, obtained from FGI of Australia, is >99.8%
SiO, with a BET surface area of 10020 m%/g, an average primary particle size of 14
nm and a tapped density of approximately 50g/l.

Q-CEL “5 Series” grade 570 hollow microspheres, a PQ Australia Pty. Ltd.
product obtained from FGI, Australia, are organosilicon surface-modified sodium

30 borosilicate high performance microspheres with very good strength. They have a



H G LI TE H320 (E1000F) Al um na Trihydrate, a Showa Al um num Industries

K. K. product obtained fromFQd, Australia, is a fine alum num hydr oxigdéUG 208k
wi th excell ent whiteness and superior optical character (refractive index
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BET specific surface area of 2.0 n2/g. RO Ther noset M crobal | oons
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Ltd. productubieaiifest d 1051EGn Blecisidnaly fond dhsighy SfaLIRIdeyde Tesin

hol | ow spheres. Tal'c TM a Conmmerci a rmte %r oduct

obt ai ned fr partickGizeahngdusl I-3Dirkicrons, vty the@upartielg RRS 0870 ShitlofAt Bhdfi HET al
that is predonminantly finer than 75 mcrons (residue >75 mcrons 1.5%

maxi nun) . TKesily gliwerad 1ator baydeystoms apd remalexrdesflawide, Whe Miseositgfdfetbe ance
(457 mu) of 84. BEKI-SH ELDO ,conductivye.. fibers, a kaert Fibre -

Technol ogi e%heﬁﬁnS%fEt&D pglyglf-t%bqaée fr?ag‘?ﬂ%p‘@lgi uefeay S@?ﬁﬁﬁ%‘& @eéé BSf yvolympgy  of
Australg a, aherRdWKdnORidHodBEEL | E@é"bisétﬁéﬁﬂu\%?e% i ' i ein
both conti nuoﬁds for mnand ghopped H% ?lber form td ggﬂe{)sg‘gﬁ%?ﬁ @rérgrc%“ggé

bi nders. 30 ufifhidh adustargimavscositn. AR shears hishreaelyg miRing AUsdtmatdssarpaadluct ,
was obtai ned 18 AUG 2004 V\g 01/ 60943 PCT/ AU0O0/ 00116 43 from FA of
Australia. KBHFERISE A SIeakHae 8PRSFS ed (approxi matel y MySO4. 3H20), an APS Aj ax

Fi h f Aust r-ald o i J. f _Aust ia..
LIUrI\1/IeEU>e(Enr ;) €} g;%@?%@o% osntggg?a?%%*@w {rlléa?&&??f ﬁgrp : Elg’?%‘{‘f?{‘ éggmﬁ%pper )
pi gment is ol @dBl oflauskelin, GebHhath phdityedica emah I\/Fﬂﬁride@rﬂ%l%y cBhiral ned

from Hoechst Australia Ltd. LU VULUX(r) Geen N-PM 50090 has an em Ssion
spect r Un peadinfofcemept and/ordlired §0w 38 has an amnrphaubfoya a swfadeairéacsf 20peic25 um

wi th a peak gt appt.oxi matel.y 380-400 | The aftergl ow brightness according
to DIN 675110}gP§&{2’Ek4é?W8/0 398(242%6(?‘&@ ?fﬁF‘h".e, ndex of LAPapd ep average g. 8
after 30 m . { N 3 after 120 min. The decay to 100
x threshol d%%?lc%g?% rg%e?%)nlgﬁ%tg%f?zng'aﬂﬁgs&g'ccurs after 960 min. LUM LUX(r)

Green N-PM 50090 FIGE.IXE alHs20 (BrovaFnsAketime: SEileididts) andSiidwa CAlMmiim
mul tiply activated b%enurrer ous elements in addition to copper, including
gal i um i ndndwsiriepdigkeraduct gbtiatmed &opy, EGL Augtiglignis a fine alummum hydroxide

15 with excellent whiteness and superior optical character (refractive index of 1.57).
HIGILITE is 99.9% AIl(OH);, with a mean particle size of 10 um, a bulk density of
0.6 g/em’® and 1.0 g/cm’ tapped, a whiteness of 98 and a BET specific surface area of
2.0 m¥/g.
UCAR® Thermoset Microballoons (Phenolic microballioons), a Union Carbide
20 Cherrﬁcals (Australia) Pty. Ltd. product obtained from FGI of Australia, are phenol-
formaldehyde resin hollow spheres. ‘

Talc TM, a Commercial Minerals Limited of Australia product obtained from
FGI of Australia, is a hydrous magnesium silicate mineral that is predominantly finer
than 75 microns (residue >75 microns 1.5% maximum). The talc has a refractive

25 index is 1.59, with a reflectance (457 mu) of 84.

BEKI-SHIELD® conductive fibers, a Bekaert Fibre Technologies product
available from Specialised Conductives Pty. Ltd. of Australia, are 8 micron diameter
draw stainless steel wires available in both continuous form and chopped fiber form
with various polymeric binders.

30 Calcium carbonate, an APS Ajax Finechem of Australia product, was obtained




manganese and iron. The density is 4.1 g/m. Frequent excitati on.‘%{\ﬂutarmg 15
phosphor escent pignent does not inpair the | um nous properties. L LUX(r)
Green SN-pignents, available from Ri edel -de Haen of Ger

| ong- | astYQB/@P4%r gl ow | umi nescent al kal i ne earth al umi ng?§¥@8§5’§f"?‘m th
rare earths. LUM LUX(r) G een SN pignentg have an excitation nmaxi mum of

380 to 400 rim an em ssion maxi mum of 520 nm and a density of
approximately 3.5 20 g/m . The afterglowing effect is around ten tines
brighter thapt rah @faukikgiacl assical  zinc sulfides such as the LUM LUX(r)

G een N -PM 50090 described above, with a duration of afterglow (down to
0.3 ntd/ n2) of upMagnes®O0 Sulphateegiried Happioximaiply r MeS&BH.Ont ensAPy 6faxt he

aftergl ow can be increased by.up to % n itation.is carried out
Wi th D11 uni ERGChEmIOARIEa PIogHE. V6 ﬁ%%ﬁ%“ﬁ%‘é%‘sg‘%‘%he usual 1000 Lux.
The 25 LUM LUX(r)Lm REREENLS_ Ve 6Pl elpagal AktglgveYZRgChUt (Adce
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sensitive to water. are sensitive to spectral excitation beginning in
the bl ue pard;Rfe-doBferyipibmb® is SP@Esdelsae A are neHiof gAlipdSignaleht. prtoctt he
' ongwave WV wavel engths. |If the level of illum nation available for

excitation icbthined EronBOethst)Awstralif Lach| yLEMILUZK® ferepuNo-BM 5080@ihagate, t he
afterglow effect is of a very ch reduce evel even if "charging' is 30
carried out §Fsien REYUHR t?gn%premgﬁ@x%ﬁ?’aﬁ?i?&r%ﬁ 8’fcft8@?19 Fpse%g}uonduced
with 18 AUG 2 O OB AR O OTAS aRickablighnbie ddaykinghio or

hi gh strengtﬁggéoﬁl%véﬂ%g u%fggscent | anps. LGMé[%UX(r)lgmgareen SN- FO 50069
has a densi t pnofs7316 Part cin@acdamB)cis é@raftei § amiar, @6 .4siftee 10fming $8 after80 &dh.gm

(less than 1% oversi zed particlesl and a,gftl)article ﬁéze di strihution.d50 of
40 um 104 grd.SRfer 68 anpaatdch3 Bt 3 Mithalhsdsmay oy Xt & 9f RECEPIP1370

nm wth ab osphorescen ‘ Gg&gr_'
LUM LUX(r) é%&mc%ﬁ&cggggm&% mlar properti é\g)ﬁle\nﬂ? EG%O’%@%;@&%O
di schar ge sizguffis k688 selRaiiml2@ sigoad lsessltiphancthiedviey simerbupaidnicntses) and

a particle size distribution d50 of 50.gm_ 5 gm LUM LUXO Effect N-series
pi gnents, avadditdil ¢o feopperRiiacheding czallian , indiugy MmagnesHE, ok nsilvel, u@lcy@) | ow,

Lol i 7 des. LUMFRGREERPECEoR) ud ™R BUBLD Rad 'a Gishe; [oraar SiFARF el oY 5
20031 118 a 2P R P e R P bor o i el y 2.5 o on®
and an average papLUMII&JX®zdGeén 19Ngpigments, available from Riedel-de Haén of
Germany, are a long-lasting afterglow Iuminescent alkaline earth aluminate doped
with raré earths. LUMILUX® Green SN—pigments have an excitation maximum of
380 to 400 nm, an emission maximum of 520 nm and a density of approximately 3.5
20 g/ml. The aﬁerglowing effect is around ten times brighter than that of the classical
zinc sulfides such as the LUMILUX® Green N-PM 50090 described above, with a
duration of afterglow (down to 0.3 mcd/m®) of up to 3600 minutes. The initial radiant
intensity of the afterglow can be increased by up to 30% when excitation is carried out
with illumination levels of 3000 to 5000 Lux instead of the usual 1000 Lux. The
25 LUMILUX® Green SN-pigments are stable against greying but are sensitive to
water. They are sensitive to spectral excitation beginning in the blue part of the visible
“spectrum and extending up to well into the longwave UV wavelengths. If the level of
illumination available for excitation is low (< 300 Lux) or if only a filament bulb is
available, the afterglow effect is of a very much reduced level even if “charging” is

30 .carried out for a very long time. The maximum afterglow effect is produced with
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of conventional zinc sulfide based phosphors. 20 They may be activated by a
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of particle sizes with O particle sizeés varying from1l.45 gmto 42.00 gm
Coar ser par SSNeIFEX5 w089 hasvgmijert preperoes ghthrresseeandschbitgersideont. ledsUbhNIDA( 1 )
Green 18 AUG 2004 WO 01/60943 PCT/ AUCI(,{ 00116 45 (G .has a density of 3.6;
LUM NOVA( r) B} {less tharehvo(q3eysized Pagiclehict 3/ pasticls sige digiptbutins shynefr s eyt S5
pigments, available fromUnited Mneral & Chemical Corp., are sulfide
based pi grreHlng available in a variety of em ssion colors and daylight
fluorescent col ofgniINEXESIrdE R-£LNS ?&gxﬁ&@épﬁfbﬁlamfetﬂmﬁnﬁé&ﬁ%boﬂa&?ak at
529 5 4, a specific gravity of 4.1 and an average particle size of 22. UMC
GSR i sl yelinchwie geednt bluegy o, @el]dvizrganoepinge and tad afieiglow pigmetkisasad 0620 and
570, a specific gravity _of 4.1 an n average particle size of 22 nm UM
BAS is a (cacuyaes gincphsyfidesni b U%ﬁ%s%ﬁ%ﬁtgwuﬁhl\‘eép@%q SRS peleasigt %50 and

580, a specific_aravity 3. rticlersi 10
TNV 2B R B s Bl LR S " TR RS, | e
and spect r uReAMNI306 800% £ B HEinb chiciinenEIde withé dbmit) DfAbroximately 2.5 g/em®

(1, 2, 2,6, 6-pentanet hyl -4- piperidyl) sebacate and

met hyl - (1, 2 a8d 6n 6yerpzapantide bigk ofll piumer i dyl ) sebacate. It is recommended

for use in concentrations of 0.5-2% based gn binder soljids. TINUVIN(r) 171,
obt ai nkY from G BENENGY AR Seresp i(é) E{ltg%?uq een N Q@) siFpntiupe pxide glysminate

2- (2-hydro) gy- beq j = 2= M) =4 | - Q- o, r)
34-2 s o OgRLEdbl AESh Erescitdmin L e ma NSRS by NG, o FolbH. Ue
Japan under U.S. Pat. 5,424,006 (discussed above) and are available from United
" Mineral & Chemical Corp., Lyndhurst, NJ, USA. The initial afterglow brightness and

afterglow period is up to ten times that of conventional zinc sulfide based phosphors.

20 They may be activated by a wide wavelength band (200-450 nm) but best results are
obtained with an activation under 365 nm, with most effective energy saturation

~ obtained from light sources which are rich in UV light. Aftergldw brightness increases

with increase in light source intensity; afterglow brightness is also proportional to the
intensity of UV contained in the excitation light. LUMINOVA® Green (G) has an

25 emission peak of 520 nm, while LUMINOVA® Blue Green (BG) has an emission
peak of 480 nm. Afterglow extinction (time required for afterglow brightness to
diminish to 0.32 mcd/m®) is > 2,000 minutes. LUMINOVA® pigments are available

in a variety of particle sizes with Dsy particle sizes varying from 1.45 pm to 42.00 pm.

Coarser particles will have better brightness and afterglow. LUMINOVA® Green
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and vinyl ester resins. A 501 is preferably a prior to fillers or
r ei nf or cenenthydroxytphengibenoeriaxdite dassn tieveopeids foe doantingo §93% orenizerieptupatoic

difficulty.
Y acid, 3-(2H-benzotriazol-2-yl)-5-(1,1-dimethylethyl)-4-hydroxy-, C7-9-branched and
linear alkyl esters and 5% 1-methoxy-2-propyl acetate). It is suitable for extreme
20 environmental conditions with high performance and durability. Its broad UV

absorption allows efficient protection of base coats or substrates. The performance of

TINUVIN® 384-2 can be enhanced when used in combination with a HALS

stabilizer such as TINUVIN® 292 or 123. These combinations improve the durability

by inhibiting or retarding the occurrence of failures such as gloss reduction, cracking,

25 color change, blistering and delamination. TINUVIN® 384-2 is recommended in
concentrations of 1.0-3.0% with 0.5-2.0% TINUVIN® 123, 144 or 292.

UVITEX® OB is a Ciba Specialty Chemicals fluorescent whitening agent. It

is a high molecular weight low volatility optical brightener of the thiophenediyl

benzoxazole class (2,5-thiophenediylbis(5-tert-butyl-1,3-benzoxazole)). UVITEX OB

30 has exceptional whitening properties, good light fastness and a brilliant bluish cast (an




Typi cal fiberglass products used for producing FRP articles can be UG 7004
uti | zed For exanple, BTl C-24, obtained from Brunsw ck Technol od'geg

c., a 20 unidirectional non-woven fabric for reinfor ced Iastl cs (55%
f| ber cdﬁ?@Hé%i/ wei ght) with high strength and stiffnes§CTAdY B/
reinforcenent print transfer to fini shefg surfaces and good | am nate
properties. Stitched reinforcing fiberglass was obtained from ACl
Fi bregl ass of Victoria, Australia. The stitching process is used to conbine

chopped st rajgr & Ry 9¥@ M BYd BY emi¥stdh faRianali3yehOhirge Qfse 9011400 9/ nz
25 utilized m@ﬁe I:)g%landard range. Pligrcra1 CS:hopI%gd aStrénd Mat e Sﬁ@, gsvgfl abl e

from PPG | UNUEEKI@B radgecerwan POAS-9H36 gleperdenznayperfoninancel r&qm%n@l% of br ous
glass, with a corrp05|t|on consi sti ng. %rl ncipally of silicon oxide in an
€

aror phous ving fsaliapplication. Basieallyythe i Eqnﬂarféfeic%lséloi light stable. slﬂrn#aé(c‘@ bi nder

(pol yester) 'l er
than 6 m cr%gﬁ'é 1?% %Ié?étmog%lé%y ‘%Ot]g(lr;{ﬁbmﬁ O%Sg'g'ﬂ{)P 0 ngs{ﬂ%lg@%g%g In?S AUG
2004 PCT/ ALKKBEHe ﬂsl@netﬁi;faeﬁmroh ofRTYDIE X BOBIh6 WY e @e@egab}senp&&mméd -
obtained fromA. C. Hatrick Chemicals of Botany, NSW Australia, is a

sul f onyl hy dwish iiteTIBREVANE BV stabibrarndsaigeadthesavel oped for foani ng

ht hal f d t | yest
appl 1 cati ons. | CELOERREE UpRRG5h aiavial GRG dferestuffsu: hoarer g °' '
easily i ncoshgned fEmi FELoft ﬂ@stmaweat}@arcwm ﬂiethbkyb&lzwpéxﬁa& ladd aglgdqu.t 0

pol yester resins in 2% by wei ght concentrations prior to addition of the
fillers. Thelud(@hsnrpepcaotdenhatZ8b penametbisiimeplanspiifod dsvmmmumparticles to the

sur 2G5, of e LA cou ghel b AL oLt hele Scapcil ates, ol ess

oo o kB s ket gl o betler |1 st

coats and nol dabB¥Kréshis aapeddesal B¥EeChehpwWsmBNAWNPGEnian$aohpdisedPibiss by

(rqggin'l[’]i tymeilght ofF’) %u\gt_rlaﬂ-aEgsr) 561%30%35— elesag rélgaaslela%d%,t\% fjo; %%sa%rzte%opglgés%gs.?%
BYK-A 501 is a combination of foam destroying polymers used to prevent air

15 entrapment and porosity in filled and unfilled unsaturated polyester, epoxy and vinyl
ester resins. BYK~A 501 is preferably added prior to fillers or rehfdrcements, but
can be added into finished compositions without difficuity.

Typical fiberglass products used for producing FRP articles can be utilized.
| For example, BTI C-24, obtained from Brunswick Technologies Inc., is a
20 unidirectional non-woven fabric for reinforced plastics (55% fiber content by weight)
with high strength and stiffness, reduced reinfofcement print transfer to finished
- surfaces and good laminate properties. Stitched reinforcing fiberglass was obtained
from ACI Fibreglass of Victoria, Australia. The sﬁtching process is used to combine
chopped strand mat with roven roving, with nominal weights of 900-1400 g/m’

25 utilized in the standard range. PPG Chopped Strand Mat (CSM), available from PPG
Industries, Inc.,, of Pittsburgh, Pennsylvania, is >93.0% fibrous glass, with a
composition consisting principally of silicon oxide in an amorphous vitreous state.

The surface sizing is <1.0%. The surface binder (polyester) is <6.0%. Normally there

are no fibers with diameters smaller than 6 microns in PPG chopped strand mat

30 product.



30 kg-10. 7% FA 29-652 A271/77 BWFire retardant resin*WG FG 32CL 1-N
Mar bl egl aze s/ g 369-000244 kg-15. 7% POLYLI TE(r) 61-341 waxed ]Q]AUG 2004
ort hopht%@%ﬁg kg-10. 7% resin POLYLI TE(r) 61-340 wax freg-gitéanpiighal ic 30
kg- 10. 7%'re Y5 kg-8.9% Tal c TM AEROSOL R202 fumed silica26 kg-9.3% Q CEL
570 hol | ow m crospheres30 kg-10. 7% LUM 4@X(r) G een N-PM 50090 ZnS: Cu35
kg-12. 5% Tot al : 280 kgl100% 18 AUG 2004 WO 01/ 60943 PCT/ AUOCO 00116 48 30 kg
of FA@ 29-652 A271/77 BWFire retardant resin*WG was mxed with 30 kg of
POLYLI TE(r) 61- 34EMaGENEe &I dhopiifisdyak Chemicals gmddib dbepitkdl £ofiMA. 6l ended
into the resins. To this mxture was_added 30 kg POLYLI TE(r). 61-358

i sopht hal i ¢ Hetxeks ((Gemigas pg SBojany sNREV.oAusitriescs. Rswomlivduzide| cheguealg 30

kg of 5 @ 570 hol | ow m . B It [ :

ool yestor s BEpEnarag P EpS! BIRRRER hebn Bl S SRE S ofifr cesis for ¢
LUM LUX(r) %t/?@d" NrmbMt ter ZRSiGHioNaS GEEOGEN® HIL-140 fogmofat RAbIGRCL 1-N
Mar bl egl aze s/ g §69- 000Z and added to the thernosettin .

pol yester / syappaaiungarfd i leesily hameparated nitalthapalyéstes mead . 1t 30typlkegllpddded to

POLYLI TE(r) 61-341 waxed 9rgho ht halic resin and thg final. 4 ﬁ]g of T}{N 10
Mar bl egl aze Poly§staBoesme0n 28y MYFght SORRSITARRPSHTIA, J AIdioR &f fhg Hiers. The

t her noset ti rs%g?néllng -ASs gggg g?éﬁ?ﬁ%ﬁm&é&b%ﬁﬂéﬁ k& theQuirfake Bf theRbldaw

m cr osphere VErri aration o osphorescent pignent. The
result was ari1€dHGdd@ionCit ¢8lpd encaplshlatearglass fibers gifnitilined) x thekdbg rlinghabisg

retention suitable for nodification for spraying, g{éshi ng, rolling and
resin transfthe needfar the resyn tnee oled of WﬂFeg’bﬁgdﬁPit a%ddi t.ives 15 for

the respective usage., Mdi f i teri i 2 &
fol | OV\EO? For a cab Pﬁ%ergg %66%F1lﬁu§%f9a%g {8t pfds@lt TREnddnNabvofliith USGnftes
embodying the luminescent gel coats and moldable resins are described below.

EXAMPLE 1

Sample Parts by
quantity ~ weight

POLYLITE® 61-358 isophthalic'wax free H/P 30kg ~10.7%
resin

FGI 29-652 A271/77 BW Fire retardant 30kg ~10.7%
resin*W/G

FGI 32CL 1-N Marbleglaze s/g 369-0002 44 kg ~15.7%
POLYLITE® 61-341 waxed orthophthalic 30kg ~10.7%
resin

POLYLITE® 61-340 wax free orthophthalic 30kg ~10.7%
resin

Talc TM 25kg ~8.9%
AFROSOL R202 fumed silica 26 kg ~9.3%
Q-CEL 570 hollow microspheres 30 kg ~10.7%
LUMILUX® Green N-PM 50090 ZnS:Cu 35kg ~12.5%

Total: 280 kg 100%




add wax. For a spray gel coat, add aeration material (BYK) to accelerate
flash-off. For a flow coat used for brushing, rolling or interior ]LgsaUG HAd
wax and styrene nononmer. 20 EXAMPLE 2 Sanple Parts by uantlt i ght
AQUAGUARMOSYS83 o t hopht hal i ¢ neopentyl 420 g 42.0% gl y¢di T/f’p‘ﬂ°8é§’/‘|

gl ycol clear gelcoat ESCON EX80 61-286 c{gar casting resin (or 230 g 23 0%
ESCON CR64 61-283 clear orthophthalic/fumaric casting resin) 18 AUG 2004
WD 01/ 60943 49 PCT/ AUCO 00116 POLYLI TE(r) 61-627 orthophthalic

~I'ani nat i ng230 9235&12/%&1&@1 beL&dRRY /7 BRIV F‘?r% réaﬂ@n@x%{wxﬁgkb

(EIO00F) alum na trihydrate AEROSOL R202 funed silica2l 1% PO_YLI TE(r)
61-801 wax sy ldglo@@@lnYBI’&R@neﬁ-BaOg\@avﬁﬁ%'Eﬁth@bhth&ﬁﬂr@ikﬁ@;% A5 TiheTapsEML | ng
pol yester/suspending filler base material was first prepared for use in

this and t hebléraledl dmontheexsinpl ek tPOmVKINEEXY addeds39 K9 POLNGHIERaAI-358si n

the 5 AEROBCESTSRISE PRIEFoal £3mAt Kok Al OO L oty el K 96 ca

was added, 9‘2 hegfliorh oo Wi SREES &6l ftn DiiiinSRARH |y AR RODTERL Bher

(Hegman™ gau |sperS| n was satls actory, ring p

reduced and gdie nAIABUARD 83pddte dhegr3&kceal UMAS &R AGEdee R@MLEG’(E(or)
61- 801 wax solution added, wwth stirring being continued until the mx was

honmogenous. Z‘rkf:bCHIvaSLblﬁEleEllOUDFo &euwh i 12Ck rlrh‘yMﬂdﬂ%la@sS/g BéA-¢03dandl | y
added, incre rer s s necessa hi.s ul est er
Dase i the o tidebie M Begrose bR ResT soan e o heshatast S5 bRl s

viscosily LM 4 %ﬂY@ﬁ%‘éZ@QP vhaRe@OfnBptRliict i8R Al M0 Firkl 458 oNTRRY 'VEKP)

10 Marbleglaze s/g 369—-0002 was then added and blended to form the thermosetting

. luminescent polyester. Slightly more Q—CEL 570 hollow microspheres to override
" slight separation of phosphorescent pigment. The result was a product of closed
cellular surface with excellent gloss retention suitable for modification for spraying,
brushing, rolling and resin transfer molding by the additions of appropriate additives

15 for the respective usage.
| Modify this base material for final end use as follows. For a casting gel coat,
add wax. For a spray gel coat, add aeration material (BYK) to accelerate flash—off.
For a flow coat used for brushing, rolling or interior use, add wax and styrene

monomer.
20 EXAMPLE 2

Sample Parts by
quantity  weight
AQUAGUARD 83279 orthophthalic neopentyl 420 g 42.0%

glycol/propylene glycol clear gelcoat
- ESCON EX80 61-286 clear casting resin (or 230 g 23.0%
ESCON CR64 61-283 clear

orthophthalic/fumaric casting resin)




Fi nal conmponents can now easily be added to this concentrated thernosetting
15 pol yester/suspending filler base naterial to prepare for additi R A5 fofe
phosphorescent particles, by blending in order in parts by weight '‘as given
bel ow (i W&/égb&)ﬁf'd following exanples). 20 WO 01/ 60943 S5ECRPOT$AN0E 001161
8 AUG 2004 Sanple Parts by quantitywei ghtggTher nosetting

pol yester/suspending filler basel000 g39. 2% material 500 gl9. 6% ESCON EX80
61-286 clear casting resin (or ESCON CR64 orthophthalic/fumaric clear
casting resin) 50p0g3R 1PEEAMABIARDPEHARC Ciriin@t EDigc necapent yl

gl ycol / propyl ene glycol clear gelcoat 20 g. 78% CAB-O- SIL(r) M5 untreated
fumed silica Magnesingrardank festre20 g. 78% LUM LUX(r) G een N-PM 50090

ZnS: Cu510 g20. 0% Tot al . % Jo.this is .added -15 m . jof.,mwax and
styrene (POLYLI Tdﬁ#ﬁéi%g@%%%é DR tnklyﬁgge enhgégsc%s theg%ﬁ\’gﬁt ive
sheen or surface m@i biee el Bescent pol yesterpy gfhis  hum,nescent
pol yester resin nay be ut ﬁzi zed for gel coating and nolding or may be 5
made flexible as pPOLNMIATEEEPISOS Warlsoltiod iesteveatpl €0.Jgven caf.688sily be
scaled up to drumsize or |larger. UV stabilizers, @ﬁgct rum 8phancer S,
fluorescent whitehptg agents and/or optical bright gs ard%%ded before
or after the LUMEDX(+)—t+HF—themxtureappears—stightty ~“ftoury,” they
are preferably added before the phosphorescent pignent. If the

' A Thermosetting polvester/suspending filler base material was first prepared

for use in this and the following examples. POLYLITE® 61-627 fire retardant resin
was premixed with the ESCON 61-286 casting resin. With slow speed stirring, the
5 AEROSOL R202 fumed silica was mixed in. When all R202 fumed silica was added,
the mixture was dispersed at high speed to 40-50 microns (Hegman gauge). When
dispersion was satisfactory, stirring speed was reduced and the AQUAGUARD 83279
clear gelcoat base and the POLYLITE® 61-801 wax solution added, with stirring
being continued until the mix was homogenous. The HIGILITE E1000F alumina
10 trihycirate was then gradually added, increasing stirrer speed as necessary. This
resulted in a polyester base with a Brookfield Viscosity LVF 4/60 of 5000-5500 cP, a
Brookfield Viscosity LVF 4/6 of 26000-32000 cP and a gel time at 25°C (1.5%

NR20 MEKP) of 20-30 minutes.
Final components can now easily be added to this concentrated thermosetting
15 polyester/suspending filler base material to prepare for addition of the phosphorescent
particles, by blending in order in parts by weight as given below (in this and following

examples).

20




10 mixture is "watery," they should be added afterwards. O herw se, they
are added in split portions before and after the phosphors. UV stabilizers

and | um pes enhancers nmay be utilized in percentages rangin g AUG 2004
0.1-3.0 %@Z‘ﬁ?‘% with the lower ranges of UV stabilizer ngﬁérg?ﬂ“gf%rred
when al kaline earth alum nate oxide phosphors are utilized and the upper
ranges being utilized with zinc sul fide phosphor 15 (and m xes of
phosphors contai ning ZnS) and | um nescence enhancers. 18 AUG 2004 WO

01/ 60943 PCT/ AUOO/ 00116 51 EXAMPLE 3 Sanple Parts by quantity weight

Lum nescent polyester resin7. 50 kg75% POLYLITE(r) 61-428 isophthalic
flexiblel. 25 kgl2.5% casting resin 1.25 kgl2. 5% ESGEaMp#0 (Hdts446) fully
flexible isophthalic resin 10 kgl00% Total: A sem flexible | um nescent

pol yester was prepared by mX| ng 7.5 kg of the Iurﬁuﬁ@%entwﬁghtyester resin
from Exanpl e 2, AT VWY p XLET ; bl e
casting resin erX| PR CASt Phy T esin

flexi bl e isopht hahiterislesi n. The sem -fl exi bI e version is useful for itens
such as toys, signs, nunbers, lettering, lures, fishing floats and the

| i ke. EXAMPLE 4 §a$'@®b1 E&S@s6b>286qdmtqastyng/\msghtorumﬂrgescerﬂ@ @6l yest er
resin 6.0 kg 60% YLI 4{ hthallcheX|bIe10kg 10%
casting resin ES @% @8 bl ¥4 sopht hal i c 3.0 kg 30%

resin Total: 10 @St%égln)
AQUAGUARD 83279 orthophthalic neopentyl 500 g 19.6%

glycol/propylene glycol clear gelcoat

CAB-O-SIL® M-5 untreated fumed silica 20g .78%
Magnesium sulfate 20g .78%
LUMILUX® Green N-PM 50090 ZnS:Cu 510g 20.0%
Total: . 2550¢g 100%

To this is added 10-15 ml. of wax and styrene (POLYLITE® 61-801 wax solution)
that enhances the retentive sheen or surface gloss of the luminescent polyester. This
luminescent polyester resin may be utilized for gel coating and molding or may be

5 made flexible as in the examples below. The example given can easily be scaled up to
drum size or larger.

UV stabilizers, spectrum enhancers, fluorescent whitening agents and/or
optical brighteners are added before or after the LUMILUX®. If the mixture appears
slightly “floury,” they are preferably added before the phosphorescent pigment. If the

10 mixture is “watery,” they should be added afterwards. Otherwise, they are added in
split portions before and after the phosphors. UV stabilizers and luminescence
enhancers may be utilized in percentages ranging fro 0.1-3.0 percent, with the lower
ranges of UV stabilizer being preferred when alkaline earth aluminate oxide
phosphors are utilized and the upper ranges being utilized with zinc sulfide phosphor

15  (and mixes of phosphors containing ZnS) and luminescence enhancers.




10 Afully flexible |lum nescent polyester was prepared by m xing ?.0 gpmmf
the |um nescent polyester resin fromExanple 2, 1.0 kg of POLYLI @(A
61-428 isophthalic flexible casting resin flexible casti i d 3.0
kg of ESOYROWEM4T 61 18 AUG 2004 WO 01/ 60943 PCT/ AUCYY 001?gT{£ﬁﬁ%§g‘fully
fl exi ble isophthalic resin. The fully flexj ble version is useful for itens
such as clothing, curtains, fishing rods, fishing nets, yacht sails and
flags, curved structures and advertising materials and the |ike. EXAMPLE 5
5 A thernosetting pol yester/suspendi ngxANMPEE 3base nmaterial was prepared as
in Exanple 2. To the base material were added the conponents as |isted
below to produce a |um nescent pol yester resin containing 10%

phosphor escent p%n%m%mw 30%
al kal i ne earth al uminate phosphor). Sanple Parts b itit yhWEirghoY

Thernosetting pol yester/suspending filler basel30 g&ﬁ&@gﬁteﬁg@&tgo g18%
NORPOL 62-3 03 orthophthalic waxed resin ESCON EX80 61-286 cl €ar_casting
resin (orll0 g229%q kafkdcdaRpdiyedtértreght hal i c/ fumaric The&p ca$%i ng resin)

110 g22% JS AQUAGUARD cul ture finish/clear gel coat Magnesium sul fate2.5

g. 5% Cal ci um car b EATE®y. -¢2B- G@hthaliy Mexibimt kégkéd f kB silica5 gl%
LUM LUX(r) Green N-PM 50090 ZnS: Cu35 g7% LUM LUX(r) G een N-PM 50090

al kal i ne earthl5 G3¥PEI"tHH nate 500 g. 100%

ESCON 400 (61-440) fully flexible isophthalic 1.25 kg 12.5%

resin

Total: 10 kg 100%

A semi flexible luminescent polyester was prepared by mixing 7.5 kg of the

luminescent polyester resin from Example 2, 1.25 kg of POLYLITE® 61-428

5 isophthalic flexible casting resin flexible casting resin and 1.25 kg ESCON 400 (61-
440) fully flexible isophthalic resin. The semi-flexible version is useful for items such

as toys, signs, numbers, lettering, lures, fishing floats and the like.

EXAMPLE 4
Sample Parts by
quantity  weight
Luminescent polyester resin ' 6.0 kg 60%

POLYLITE® 61-428 isophthalic flexible 1.0kg 10%
casting resin

ESCON 400 (61-440) fully flexible isophthalic 3.0 kg 30%
resin

Total: 10 kg 100%

10 A fully flexible luminescent polyester was prepared by mixing 6.0 kg of the
luminescent polyester resin from Example 2, 1.0 kg of POLYLITE® 61-428
isophthalic flexible casting resin flexible casting resin and 3.0 kg of ESCON 400 (61~



Total : 10 EXAMPLE 6 A thernosetting pol yester/suspending filler base
material was prepared as in Exanple 2. To the base materi al were@dwdmglhe

conmpone | jsted below to produce a |um nescent polyester resin
cont ai n%léoil@%" hosphor escent pignent (80% 18 AUG 2004 o A g LLe

PCT/ AU00/ 00116 53 zinc sul fide phosphor gpd 20% al kal i ne earth al um nate
phosphor). Sanple Parts by quantitywei ght Thernosetting

pol yester/suspending filler basel23.5 g24. 7% material 85 g17% NORPOL 62- 303
or t hopht hal i e40)a@Bdfe6isle sobRGAN Y30 e RAS flekibiRefast isrageﬁ]ﬁﬁjrme&grs%@g- 5

920. 7% ESCON CR64 orthophthalic/fumaric clear casting resin) 103.5 g20. 7%
JS AQUAGUARDscHPthinge cyitanss fisking spdsg bluemnetggols shilmarsifldeat eval #tbualred 75%
Cal ci um carbgnat e2. 375 . 475% CAB:.0O-SIL(r) M5 untreated funed silica4.75
g0. 95% LUM ﬁ&?ﬁ%ﬁ@gﬁgﬁﬁfﬁ& %‘8@6“ S: Cu60 g12% LUM LUX(r) Green N-PM

50090 al kaline earthl5 g3% al um nat eg§Q\ @1 F0H% Tot al : EXAMPLE 7 A

t hernosetting pol yester/suspending filler base material was prepared as in

5 Exanpbe 2. To thethbasmsetimggrdlgdstensuspendioe dli¢rhmse ompeaiwnts @spdreétaedn bel ow
to <y .

Example 2. To the base material were added the components as listed below to
produce a luminescent polyester resin containing 10% phosphorescent pigment

(composed of 70% zinc sulfide phosphor and 30% alkaline earth aluminate phosphor).

Sample Parts by

quantity  weight

Thermosetting polyester/suspending filler base 130 g 26%
material |

NORPOL 62-303 orthophthalic waxed resin g 18%
ESCON EX80 61-286 clear casting resin (or 110 g 22%
ESCON CR64 orthophthalic/fumaric  clear

casting resin)

JS AQUAGUARD culture finish/clear gelcoat 110 g 22%

Magnesium sulfate 25¢g 5%
Calcum carbonate 25¢g 5%
CAB-O-SIL® M-5 untreated fumed silica 5g 1%
LUMILUX® Green N-PM 50090 ZnS:Cu 35¢g 7%
LUMILUX® Green N-PM 50090 alkaline earth 15 g 3%
aluminate
Total: 500 g. 100%

10 EXAMPLE 6

A thermosetting polyester/suspending filler base material was prepared as in
Example 2. To the base material were added the components as listed below to

- produce a luminescent polyester resin containing 15% phosphorescent pigment (80%



produce a | um nescent polyester resin containing 20% phosphor escen:A 'Ugr@@t
(90% zinc sul fide phosphor and 10% al kal i ne earth al um nate phosp g%

18 AUG 20 1/ 60943 PCT/ AUOO 00116 54 Sanpl e Parts by ' i ght
Ther rmse??iﬁnoé)eggﬁyest er/suspending filler baseld4d0 g28% nat E%PB%%MEEO%
NORPCL 62-303 orthophthalic waxed resin ESGON EX80 61-286 clear casting
resin (orl100 g20% ESCON CR64 orthophthalic/fumaric clear casting resin)
100 g20% JS AQUAGUARD cul ture finish/clear gelcoat Magnesium sul fate2.5

g0. 5% Cal ci unzicaslifdepe@spbogthd26’cABalieSiar® dtminaatphegthes). f uned silica5 gl
% LUM LUX(r) Green N-PM 50090 ZnS: Cu90 g18% LUM LUX(r) G een N-PM 50090

al kaline earthl 0 g2% al um nate 500 g. 100% Total : EXAMPLE 8 A thernosetting

pol yester/suspenmﬁmmmmm?d—fﬁWI e 2. To
the base material were added the conponents as li st ed Bel ow * 5°%roduce a

| um nescent pol yester resin containing 20% phosphor eg@gft pi‘g,g@q{t (80%
zinc sul fide phosphor and 20% alkaline earth alum nate phosphof). 10 18 AUG

2004 Thermosetting polyester/suspending filler base 1235g 24.7%
material _
NORPOL 62-303 orthophthalic waxed resin 85¢g 17%

ESCON EX80 61-286 clear casting resin (or 103.5g  20.7%
ESCON CR64 orthophthalic/fumaric clear
casting resin)

JS AQUAGUARD culture finish/clear gelcoat 1035g 20.7%

Magnesium sulfate : 2375g  0.475%
Calcium carbonate 2375¢g 0.475%
CAB-O-SIL® M-5 untreated fumed silica 475¢g 0.95%
LUMILUX® Green N-PM 50090 ZnS:Cu 60g 12%
LUMILUX® Green N-PM 50090 alkaline earth 15 g 3%
aluminate
Total: - 500 g. 100%
EXAMPLE 7

A thermosetting polyester/suspending filler base material was prepared as in
5 Example 2. To the base material were added the components as listed below to
produce a luminescent polyester resin containing 20% phosphorescent pigment (90%

zinc sulfide phosphor and 10% alkaline earth aluminate phosphor).

10




WO 01/60943 PCT/ AUCO 00116 55 Sanple Parts by quantity wei ght

Ther nosetting pol yester/suspending filler base 140 g 28% nmateri al ]&Idﬁﬁ’@m
62- 303 alic waxed resin 50 g 10% ESCON EX80 61- casting
resin (%5?88@3?20% ESCON CR64 orthophthalic/fumaric cl ggﬁ@%@g@?ﬁg resin)
JS AQUAGUARD cul ture finish/clear gelcoasgq 100 g 20% Magnesium sulfate 2.5
g 0.5% Calciumcarbonate 2.5 g 0.5% CAB-O-SIL(r) M5 untreated funed
silica5 g1l % LUMLUX(r) Green N-PM 50090 ZnS:Cu 80 g 16% LUM LUX(r)

G een N-PM 50090 al kaline earth 20 g 4% alum nate Total: 500 g. 100%
EXAMPLE 9 A theLn:DsaLLLng_ngs,Lesl_e-LLsuspandJ_ng_Ll_l_Ler base material was
prepared as in 5 Exanple 2. To the base naterial Swreleadd®drts hé’&’corrponents
as |isted belowto produce a |um nescent polyester | n con&tP i ning 10%
phosphor escent pi gment (60% zinc sul fide phosphor ‘éaﬁlg‘ Y40% At gl ine earth
al um nat e phospAq kB8 AbKes2RRdspeMih HIRP A3 UOT gRd,I6 56 Sanpl e
Parts by quantitywei ght Ther m)settl ng pol yest er/ suspendl ng filler basel30
g26% mat eri al 90nyidPAd NORPCL 62- 303 ort hophthalic waxed resin

NORPOL 62-303 orthophthalic waxed resin 50g 10%

ESCON EX80 61-286 clear casting resin (or 100 g 20%
ESCON CR64 orthophthalic/fumaric  clear
casting resin)

JS AQUAGUARD culture finish/clear gelcoat 100 g 20%

Magnesium sulfate _ 25¢g 0.5%
Calcium carbonate 25¢g 0.5%
CAB-O-SIL® M-5 untreated fumed silica 5¢g 1%
LUMILUX® Green N-PM 50090 ZnS:Cu g - 18%
LUMILUX® Green N-PM 50090 alkaline earth 10 g 2%
aluminate
Total: 500 g. 100%
EXAMPLE 8

A thermosetting polyester/suspending filler base material was prepared as in

Example 2. To the base material were added the components as listed below to

5 produce a luminescent polyester resin containing 20% phosphorescent pigment (80%

zinc sulfide phosphor and 20% alkaline earth aluminate phosphor).

10




ESCON EX80 61-286 clear casting resin (orl110 g22% ESCON CR64 AUG 2004
orthophthalic/fumaric clear casting resin) 110 g22% JS AQUAGUARD cm ture
finish/cl coat Magnesium sul fate2.5 g0.5% Cal ci um c g0. 5%
CAB- O SI Y “?ﬁ"‘%?‘? untreated fumed silica5 gl% LUM LUX(r) ca?gg%q%ﬁ’@‘éﬂf5oogo
ZnS: Cu30 g6% LUM LUX(r) Green N-PM 50090 sl kal i ne eart h20 g4% al um nate 500
g. 100% Total : EXAMPLE 10 A thernosetting pol yester/suspending filler base
material was prepared as in 5 Exanple. To the base material were added the
conponents as |isted below to produce a |um nescent polyester resin

cont ai ning 10% al kal i ne earth al um nate phosphorescent pignment. 10 WO
01/60943 57 1 B AUG 2004 PCT/ AUOO/ 00116 Sarrpl e Parts by quantl t ywei ght
Thernosetting p S = ' : Yo rE 8- g18%
NORPOL 62-303 orthopht hal i c waxed resin ESCO\I EX80 512 gast i ng

resin (orl110 g22% ESCON CR64 orthophthalic/fumaric @jag% weight
Thermosetting polyester/suspending filler base 140 g 28%
material
NORPOL 62~-303 orthophthalic waxed resin S0g 10%

ESCON EX80 61-286 clear casting resin (or 100 g 20%
ESCON CR64 orthophthalic/fumaric  clear
casting resin)

JS AQUAGUARD culture finish/clear gelcoat 100 g 20%

Magnesium sulfate 25¢g 0.5%
- Calcium carbonate 25g 0.5%

CAB-O-SIL® M-5 untreated fumed silica 5g 1%

LUMILUX® Green N-PM 50090 ZnS:Cu 80g 16%

LUMILUX® Green N-PM 50090 alkaline earth 20 g 4%

aluminate

Total: 500 g. 100%

EXAMPLE 9

A thermosetting polyester/suspending filler base material was prepared as in
5 Example 2. To the base material were added the components as listed below to
produce a luminescent polyester resin containing 10% phosphorescent pigment (60%

zinc sulfide phosphor and 40% alkaline earth aluminate phosphor).

10




casting resin) 110 g22% JS AQUAGUARD cul ture finish/clear gel coat ngﬁgl um
sul fate2.5 g0. 5% Cal ci um carbonate2.5 g0.5% CAB-O-SIL(r) M5 untreal 2004
fumed sily % LUM LUX(r) Green N-PM 50090 al kaline e 9
al uni nat g&@ggﬁé 100% Total : EXAVPLE 11 A thernosetting “peiRBoflonié
pol yester/suspending filler base materialsgwas prepared as in Exanple 2. To
the base material were added the conponents as |isted belowto 5 produce a
hi gh viscosity |um nescent polyester resin containing 5.5%al kaline earth
al um nat e phosphorescent pignent suitable for pressurized resin transfer
molding (RTM. 10 18 AUG 2004 WD 01/60943 PCT/ AUCO 00116 58 Sanple Parts
by quantitywei ght Thernosetti ng pol yester/suspending filler base229.5
g45. 9% mat eri al +68—5g33-699%Ta MUEAR Terfpset—-erebal-eons?. 2
gl. 46% BYK-A 501 air release additive (or cal ci um &*'q13. 560 cB¥ bonat e)
27.5 95.5% LUM LUX(r) Green N-PM 50090 ZnS: Cu Tot alg, 30 yglo‘g‘?{%ﬁtn all the

hy

above exanmples, 1.0% mnimumto 2 0% maxi num 40% rreqt et hy
' Thermosetting polyester/suspending filler base 130 g 26%
material
NORPOL 62-303 orthophthalic waxed resin %0g 18%

ESCON EX80 61-286 clear casting resin (or 110 g 22%
ESCON CR64 orthophthalic/fumaric clear
casting resin)

JS AQUAGUARD culture finish/clear gelcoat 110g 22%

Magnesium sulfate 7 25g 0.5%
Calcium carbonate 25g 0.5%
CAB-O-SIL® M-5 untreated fumed silica Sg 1%
LUMILUX® Green N-PM 50090 ZnS:Cu 30g 6%
LUMILUX® Green N-PM 50090 alkaline earth 20 g 4%
aluminate

Total: : ‘ 500 g. 100%

EXAMPLE 10

A thermosetting polyester/suspending filler base material was prepared as in
5 Example. To the base material were added the components as listed below to produce

a luminescent polyester resin containing 10% alkaline earth aluminate phosphorescent

pigment.

10




ket one peroxide catalyst is preferred and was used to provi de adequate
cure. It is reconmrended that the above |uminescent gel coats be ugeklls 200
within the.te grature 5 range of 15-30 degrees Celsius. I \ahdslogdsat
tenperatures other than room tenperature, adjustnent nust be mage or the
change in gel time with the polyesters. Ayr tenperature measurenent al one
is not sufficient to determ ne the catalyst concentration to use, as the
tenperature of the gel coat and the nold or application surface nust al so
be taken into account; cold nolds or surfaces possibly resulting in 10
undercuring of t . ! t
percentage is recommended for the |um nescent gel &&aplse dederts bdy herein
when utilizing 40% MEKP as catal yst: Tenperature Ran Cat al tt Per cent age
Bel ow 15 C. Not Recommended 15-20 C. 2.0 21-25 C. A48ey p&elghl c 1 006
Above 30 C. Not RegprpsRdad WOy&Hp093dne AferAls 298, PCTAALJO0 00116 The
above catal yst concentrations provide gel times of appFoximately 10-15
mnutes in a 100 mpteridanpl e of the | um nescent gel coat or approximtely
20-30 mnutes on the nold. Problens with cure may gccur with | ess than 1%

or nore than 2% caVQRYOL 62-}P3 prinpphthalisseaxed resifent i 82 t he pPéctice of
diluting the catal ' RY I stl.cizer uch

di met hypht hal at e) %ﬁ?wcggégdéﬂn%éeér)%ﬁerare,%agiél%vée%lﬁ @ﬁeﬂ)é gcti cgioé’f t hi nni ng
catal yst with sol yvE@ENSUCRs6as (ﬁ{thhthalﬁ;ﬁéﬁJﬁiaﬁc \@dar ous cat al ysts are wel |
known to the art which may be utilized outside the preferable tenperature
range with MEKP  dastingggsintati ons where nol ding is done at other

tenperature. The e t [ esi .are a hel pf ul ditiv oth as a flow
agent and as a 181851@82@%&56%@}% \I/%S.%/%?égle§8§ht hé?‘?% andag?“[ hopht hal i c
pol yester resins qqgg@gﬁglgm{eul suspensi on additi ygs%to aobgse gel coat.
It is inportant that suspending fillers and any other Tillers be added to

the polyners to radifim dattenstescosity prior to addi £iSag of OHde

hosph i el i ng. ef f f i i al
phospfior escent. bl QrEgt 5 sn BRI RHlAR SLASRL, O 1B viscoyg mteria
LUMILUX® Green N-PM 50090 alkaline earth 50 g 10%
aluminate
Total: 500 g. 100%
EXAMPLE 11

A thermosetting polyester/suspending filler base material was prepared as in

Example 2. To the base material were added the components as listed below to

5 produce a high viscosity luminescent polyester resin containing 5.5% alkaline earth
aluminate phosphorescent pigment suitable for pressurized resin transfer molding

(RTM).

10




15 phosphorescent particles. Wen. m xing the LUMLUX(r) or other 18 AUG 2004
phosphorescent material into the resin base, observation of the "skin" of
the resigq remely useful in adding the ideal anount i deal
anount igldauaﬁggé,% the gaps in the polynmer will be filled i%de/l&ng&/@rgﬁ
iridescence or sheen will be visible on tBe surface (and on the surface of
a spatula 20 dipped into the m xture) and the skin | ooks conpacted and
dense. Addition of too nuch phosphor causes the m xture to thicken, with
the surface becomng floury and losing its sheen, resulting in an overly
dry and brittl e -raterial—w-th—inpai+red-structural—andlumnescent
properties. Wwen mxing, an air mxer is generall ysﬁmékerré’@ﬁés Bt cuts
down on the 25 concussion inpact and bruising whi char%gversel.g affects the
properties. A preferred mxer is the jet type m x&F2tBba4 5¢e 5245

obt ai nabl e from UnjetRdscrlit B6lyBEa3dussendsdy BllerObaski MRy s 0. 4Az0fhe |ight
out put of zinc sulfide |um nescent pignents is closely associated with
their crystallinengtmalcture, care should be taken at all stages of

processi ng not t e oy the crystals by nechanical force. Ln general, a
smal ler 30 phosglf?g‘ii&Lent particle is useful for ﬁﬁ?‘é g conpa®riess" at the

surface. WO 01/6 M"m%:{? / AUOCO 00116 ~The | um eent gel

coat nmay be usedq?(ggR?r)te%gpng na gtganﬂg ers and Iam'@hza i ng rg?i%hgon bot h
interior and ext @VHrASHOT afreseledsoradditivar {(drcediciihy 63309t h and.adegorati ve
surface, additional wax and styrene nononer may be added. The | um nescent
gel coat fornul atdagiesnaiy esent ed above are applied to the 5 surface of a

nmold with a suitahl su i or rollidng. Aftercpartial
curing, the gel -&W%@?ﬁTﬁgﬁ%ﬁ#ns%‘er gl as?’;]',5 ghe degisro/gd

| am nating resinspdhi ch nmay or may not be |um nesggnrt) ar@oepplied, and
the assenbly is cured and dennlded to forma shaped article with the

| um nescent gel coat as the surface layer. Simlarly, |um nescent gel coat
may be applied last to formthe finished.i.nteriqr |layer of the 10 article
(e.g., the interidpabbthep B&%F’j@mpkssb-%ft}h@‘%mH’é‘ﬁQ&tﬂ% H'é§’é‘§ﬁ‘? 492f’rﬁ‘ﬁgi’li‘iﬁ}§”1r esin
for inner, hi 11S.: P! 3 y

applied to t 8g§§33§¥0§%% ‘a?lacgélel§ telgg?géférga Fax%dcg}t]als g‘%‘%{ tooR&{‘oggl?ﬁd?gﬁé t% er@r Ietlbigase

of the cured récminm@ided titatitiabovelleminestan el aganbe sbalikithbethei tespktablre and

i npervious to styrene to function well. Polyvinyl alcohol (PVA)
5 range of 15-30 degrees Celsius. In working af temperatures other than room

temperature, adjustment must be made for the change in gel time with the polyesters.
Air temperature measurement alone is not sufficient to determine the catalyst
concentration to use, as the temperature bf the gel coat and the mold or application
surface must also be taken into account; cold molds or surfaces possibly resulting in
10 undercuring of the gelcoat. The following temperature range/catalyst percentage is

recommended for the luminescent gel coats described herein when utilizing 40%

MEKRP as catalyst:
Temperature Range Catalyst Percentage
Below 15° C. Not Recommended
15°-20° C. 2.0%
21°-25°C. 1.5%
26°-30° C. 1.0%

Above 30° C. Not Recommended




15 solutions forma release filmthat allows excellent replications of the
nmol d surface; for |ess conplex noldings, natural polishing waxes, 18 AUG 200

i ncl udi nq,g(n%ﬁ with a high carnauba content, are suit gy@audddofam ng
agent tends to f"orce t he phosphorescent particles 'to the surface of the

finished nolded articles, resulting in exX@ellent |um nescent properties.
Simlarly, 20 injection nolding tends to force the phosphor particles to
the surface when the | um nescent polyners described herein are utilized.
For use in i Ajheabbencataydicngeentiayipiscprovideget hinekefr appr somstetyy 104 Spniefies r ed
than for use as a gel coat. an?uc.tive fi tfers such as BEKI - SH ELD(rz
stainl ess st @f 108eaSAPD 4f the [MINFIEEntel iCHY ST FBPIOXERRETN 29— f gninutes on

thernosetti nglze%l)m_e%mem SR AP0 Sl ks i 1@%? & ik Rl REBR !

applications (via increase l'ectrical conductivity) and thernolum nescent
appl i cat i ons With ah¢ Eeeas adehfier, nile pewndeec of \diltyy)g tiid chtalysg wiwt aliditional

al um nat e oxi de phosphors, which are slower to respond to thernostjnulation
than the zi méasticirars dichiieshmetyphthalated svil (qapser yngpicHis @b gl the psedticawie for

recycling ang reuse in th ] i . 18
e 5004° vobraseaaticl st TR AP} a Bl "Thkoul BEHSRT0: BENRhyn
those skill edy i irb@h@himashd @iledvouheieahe prferoiarmperiteshtnedith MEKPr ay
processi ng, open nold processing and injection and blow nolding my be

modi fi ed for imapplicatans ovhernmpldengos Hene prbeurdemperatyteh as such as pressed

| am nates, resin ansf er | di n RT L.uc al reaction injection
ol i g (5 5 Rl v TEgier el telfls RS b el B0 fr hithiHs § ARG Askh: ot &F by
spin orygot atshﬁ%ﬂéion i@ ) OTheCIRB He Rt Whd RAMEHht PAe GBFBstefedith ¥retdisdiekul

nol di ng conpou prefornms and prepregs, vacuum bag nol ding, pressure bag
mol di ng, aut colpemsionaddiiivey to ttbesenged ebat. pul t rusi on, pul form ng and

extrusion. It will also be apparent to those skilled in.th a as to the
factors necessary It & HRROEVR E@téaﬁl?%ﬂmg %ﬁj? arﬁ’nﬂ%‘bﬁﬁ?rﬁ%ng&feﬁ t3{.’0tthe
accordance w ' [ ' Oﬁ%q bOMRioR oI MAE ipROIABRsSEE PiBfAGd N the
coating or %%%gééﬁgﬁéﬁgg%hﬁﬂyogy. tExarrplloes of ;pheép?nvgnti on. de;cri bed
above have bepr rBrdagdeffest efl thed vistousndnateriat chelpse preveat adhnzageage sthe

descri bed. The | um nescent polymers have' been wutilized as a gel coat on
i tens i hZl udinhgsphoresaeis PRESEShubcaps, bicycles (frame and 15 wheel rins),

signs, boats (ext qg}of nlkldthe (M G%® oPHhAIRHIPE:CLnt GONGS AR ineb 1l el

pol es
base, observation of the “skin” of the resin is extremely useful in adding the ideal

amount. When the ideal amount is added, the gaps in the polymer will be filled in and
an iridescence or sheen will be visible on the surface (and on the surface of a spatula
20 dipped into the mixture) and the skin looks compacted and dense. Addition of too
much phosphor causes the mixture to thicken, with the surface becoming floury and
losing its sheen, resulting in an overly dry and brittle material with impaired structural
and luminescent properties.
When mixing, an air mixer is generally preferred as it cuts down on the
25 concussion impact and bruising which adversely affects the properties. A preferred
mixer is the jet type mixer 15244 or 15245 obtainable from United States Plastic
Corp. of Lima, Ohio. As the light output of zinc sulfide luminescent pigments is
closely associated with their crystalline structure, care should be taken at all stages of
processing not to destroy the crystals by mechanical force. In general, a smaller

30 phosphorescent particle is useful for more “compactness” at the surface.




and banners. The | um nescent polynmers have been further utilized to nold
items including safety and bicycle helnets, a dinghy runabout bodt§ Abfoligle
nunber s yabgheobst t€rs, keys for nusical keyboards skat ebgaiAdS00/00116
scratchplates tor guitars, light switch and door handl e surrounds, doors,
snoke detector covers, knife and tool h&fAdles, 20 tel ephones, floor tiles,
ceiling and wall panels, stair treads, seat inserts and table tops,

printed circuit boards, headlight and light reflectors, solar cell |ens,
spa baths and vdhetymipessenisgel waatahayaredused darkdréssmgsiakedfibere yad facramlatimgr kers,

nmouse and rat.traps, . fl.ying, insect catchers, walking sticks, |anp stands,
renote cont Fot %Bﬁtgr‘mﬁﬂé %‘gd XA Ceéo@‘!é’F & Faglt cuiatr&@'gg)ottp P%dnij m?‘? Hces,
fiberglass LQeks ié?irtugﬁﬁw? ﬁd)§§reﬁg%dﬁgl\ﬁ@} ¥y Boaddegme. Flexible itens made
and tested have |nc ing nets, clot h| ng and ship's pennants. It

shoul d be under stthedutnhesdenr @gbicng fhemalatiens gesaneptbove hee bpgpliepuoptees of

illustration rather thapn limtation of the scope of protection accorded
thi's i rivent FeACe GrimOlbP@hcr Bt Heed iSBeh) EhoRAEDE @ FellBen o i rr@aﬂg‘

illustrati {hed i
L1 st ol Vel ghausi ity ke st benlueTi o AR EahcS 0"
PCT/ AUOCQ 00 1y &Znayndﬂrbetlm&dleﬁdmt) drdepptied sandahé Bésemblyds chied! andidermolidzd

invention to those enbodi nents, the contrar it will be appreciated
that those $&ifermeyshaped geicky Wlthlﬁlﬁ)%hmﬁﬁs%ﬁﬂﬁgﬁlgc as ttwérfg%hm¢rng£m laglpe

caut val ont s HRERE P AT S e o5 T BT b® AuBBR) IR B ot ™

principd es gftidde. dg!; NURIMThefBr ofBAhohat). | & shﬁﬁb%"ﬂ@ﬂ-lﬁr@m@@\éﬂrlaﬂﬁﬂauh@@é‘sﬁl for
alternatives, tications and equival ents. The scope of the patent

protection iimetdndlr&nriwws@d)Lﬂsmﬁ@)ém%ﬁSas the invention pernmts.

Accordingly, the s ope of the present. nve ti o essed as that
of the appended cﬂ A% a&?fgsdﬂ@}P B& ARPLFS ?(ﬂl‘? r%F?ﬂﬁ Pf’ret Ctafﬁle Opirit

and scope ofg, Lifigdl i} F%&h&nof a@cﬁirt\!@‘ijaﬂﬁﬂat%)P%mﬁ %@%eﬁgs%nggﬂ&@%gg—p‘l VB

1. A lum nescent po ynmer conprising: a hernosetting polyester
suspendi ng fihdolble and impervious to styrene to function well. Polyvinyl alcohol (PVA)

15 solutions form a release film that allows excellent replications of the mold surface; for
 less complex moldings, natural polishing waxes, including those with a high carnauba
- content, al;e suitable.
A foaming agent tends to force the phosphorescent particles to the surface of
the finished molded articles, resulting in excellent luminescent properties. Similarly,
20 injection molding tends to force the phosphor particles to the surface when the
lunﬁneecent polymers described herein are utilized. For use in injection molding,
typically a thicker viscosity is preferred than for use as a gel coat.
Conductive fibers such as BEKI-SHIELD® stainless steel conductive fibers
may be incorporated into the thermosetting polyester blends and are useful in
25 electroluminescent  applications (via increased electrical conductivity) and
thermoluminescent applications (via increased thermal conductivity) utilizing metal
aluminate oxide phosphors, which are slower to respond to thermostimulation than the
zinc sulfide phosphors.
Excess trim from moldings is suitable for recycling and reuse in the

30 luminescent polymers disclosed herein.




5 c¢) a phosphorescent pignent; d) a polynerization catalyst; and e) a
reinforcing material conprising a reinforcing fabric, wherein the 18 AUG 2004
rei nfor Civﬂgufc@gﬁ c is a fiberglass fabric. 2. A lum nescent pol yner

conpri si ng: a) a thernpsetting polyester resin; b) aP¢ImHPgee
mononer; c) a suspending filler; d) a thigotropic nodifier; e) a W
stabilizer; and 15 f) a phosphorescent pignment; wherein the thernosetting
pol yester resin conprises: 20 25 30 i) an ethylenically unsaturated

di car boxyl i ¢ aci d lowilabbyesdifeappaedpan afbses aligat Sdink " ro
consisting of maleic anhydride, naleic a%i d,] furrgttrhltzca(?{anf%lg Eg h(raﬁ‘a’vt ﬁgec?tiﬂvlec
aci d, acryl i &xamRipgdesiangd & Wrachrdcessidg.cofenanmd poocassing; andi je@bnAd MBIy C
di.car boxylic k: r..anhydyi de. copponent sel ected fromthe group

consi sting of'?o E‘?%?%&a ?egﬁc@fﬁf%é}’ “%aBBﬂt"ha'ieioéher PERaespes pahrslsieh acpmssed
chl orendi c apmifdted@esid 8RR RS (R i tetrachl orgphthalic
anhydride, tetrahydrophthalic a%ﬁaﬁ%ﬁﬁ%&ﬁ%%%&?&%ec E’Pd‘,’&gﬂégsﬁi c
aci d, s@beri BIMQi dompeetieior meichied dive hmiding cilsmedtew b abinC 0AGhA iR
m xt ures ther? and iii) a . di h%egri c al cohol selected fromthe group

consi sting of"® (ﬁ%%‘ygﬁ?woué?p%ﬂmro by FRHecrglcplding ¢ophmed ghrefotns and
o pbin®e Bt TSR RN Lo UGB DD i
2001 18 AUG pal@4si6d, pulforming and extrusion. It will also be apparent to those skilled in the
art as to the factors necessary to determine optimum mixtures and conditions in
10 accordance with the invention disclosed above as vériations are made in the coating or
mold processing technology.

Examples of the invention described above have been made and tested and
found to deliver the advantages described. The luminescent polymers have been
utilized as a gel coat on items including automobiles, hubcaps, bicycles (frame and

15 wheel rims), signs, boats (exterior trim), trailers, outboard motor covers, fishing poles
and banners. The luminescent polymers have been further utilized to mold items
including safety and bicycle helmets, a dinghy runabout boat, house numbers and
letters, keys for musical keyboards, skateboards, scratchplates for guitars, light switch
and door handle surrounds, doors, smoke detector covers, knife and tool handles,

20 telephones, floor tiles, ceiling and wall panels, stair treads, seat inserts and table tops,
printed circuit boards, headlight and light reflectors, solar cell lens, spa baths and
vanity basins, watch and clock faces, cats eye road markers, mouse and rat traps,
flying insect catchers, walking sticks, lamp stands, remote controlled car bodies,
battery covers for trucks, fishing lures, fiberglass rocks for use in spas and novelty

25 items. Flexible items made and tested have included fishing nets, clothing and ship’s
pennants.

It should be understood the foregoing detailed description is for purposes of
illustration rather than limitation of the scope of protection accorded this invention,
and therefore the description should be considered illustrative, not exhaustive. While

30 the invention has been described in connection with preferred embodiments, it will be



t et r abr onobi sphenol di propoxy ether, 1,4-butanediol, Bisphenol A addﬂ&%ﬁm
hydr ogenat ed Bi sphenol A, DCPD hydroxyl adducts and mi xtures therebf %
| um nescent pol ymer conprising: 5 (a) a thernosetting polyester resin (b)
a vi nyl MEHEYBnoner; (c) a suspending filler; (d) a th?éﬁ%?g%WE“hndlfler
(e) a UV stabilizer; and 10 (f) a phospQ&rescent pi gnent; wherein the

t her nosetti ng polyester resin conprises: 15 20 (i) an unsaturated conponent
selected fromthe group consisting of maleic anhydride, fumaric acid,
mal ei ¢ acid [ olap: 1 n from
the group coﬁ@?ggkégﬂﬁﬁﬁﬁhmﬁﬁfg&mnéhﬁad?@dﬁé |sa%ﬁ}ﬁﬂﬁg%:acfﬁﬁ§%§g ﬁ alic
acid; and (ithd poragy,yeolilised epprecatbd omttﬂhesegmumi pofil &t,| Bprohrtdigiageimt vl
egcoI propyl ene glycol, ethylene glycol, diethylene glycol, dipropylene
gl ycol , di bp@%ﬁt@@@ié&@th@%@wn maggﬁ@hlm coaptﬁv%a%ﬁlw@mmrto moglifigations

L ot Py deBile, shobl BEoam SRRy O8RS YsB B s i,

adduct ss and pnXiplek esf thenf@htiod. afd ANAE OhteAiAEI6 €BEverNdll tthek MRIkdARRS CeNt
gel coated artlcle prepar ed by addi ng a pol ynerization catalyst to a

phot ol um nesmaiﬁfﬁcaanms ueequayalenth e Shesrope pi thmpatentrufoeoioy isrig tesmeasgedd coat
to a surface %gﬁ Hﬁcle wherein th hoﬁp um ne ggnt and. | um nescent
pol yner conpf iP5y ’PW@?’%?&WF%;&%’I@‘& e SER HOT thE)PTEseRy WX et g
filler; and sﬁaulmmta%égg@dn@ss&%nbf aﬁohpbaﬂfeaq!wm 388 GRflkq ROASHE MIBSRC /hin
partlcles 5. A coated article forned by addi ng a pol ynerlzatlon cat al yst
to a 30 phahotruespiesaeiscopandf thaerventfianyi nescent pol ymer conprising a

t hernosetting polyester resin, a suspending filler and photol um nescent
and t her nol um nescent




Recei ved 14 Novenber 2001 65 18 AUG 2004 phosphoresce ar t i cle: 3
the catal yzed phot ol um nescent and thernol um nescent EVﬁibE}qgéﬁr%le?gg
as a gel coat to formcoated articles selected fromthe group consist] Bg
of lanminated articles, cast articles and nolded articles. 6. A 18 AUG 2005
phot ol um nescent and thernol um nescent article prepared by adding a 5

pol yneri zation catal yst to a photol um nes&nt and thernol um nescent pol ymer
and applying to a preexisting article to formthe photol um nescent and

t hermol um nescent article, wherein the@hohgd um nescent and

t her mol um nescent pol ymer conprises a thernosetting polyester resin, a
suspendi ng fil ller adduptessednt pplyeiseesmtprrigid: t her nol um nescent
phosphorescent partig¢les | um nescent and ther nol um nescent
article of claim®6, a er%itng?’éséett%%e(&}?%ﬁi ng article is a fiber optic
material or a UV bubp. 8asddpendihgfitérum nescent and ther nol um nescent
article of gl aim6, wherei P tge ghot.ol um nescent and thernol um nescent

pol yner addPti onal | §) conPpPPPLOSSIPERIEHER: pol yest er conponent and i s
applied to a fabricgjo fgﬁmyﬁlegggkﬁlcgmy@te;gﬁ@nt and 15 thernol um nescent
fabric or article of clothing. 9. The photol um nescent and ]

t her mol uni nescent afl i cl @rentording mawriahgampeping & einfopsing bbueriviesarthe and

t her nol um nescent pol yner._. 3 rd i.re retardant rmateri al

sel ected fromthe group g%#éfcg’ﬁe%gﬁggafqbr%géarsg{aakla'ant resins and fire
retardant addi2ti veg. lufihetfent pblgmphaingirisingnescent and t her nol um nescent
article of @I aim9 V\Qerei the fire retardant resins conprise reactive

i nt er medi afl@s sel ecfkd f?g}ﬁl‘f‘ﬂ%@ttﬁ}g&fi’&e“&’b’f‘@f‘sti ng of chlorendic anhydri de,
tetrabronopht hal i ¢ gphydgigglidéichnamareopentyl  glycol, tetrachl orophthalic
anhydri de, decabronodi phenyl oxi de (DBDPO) (ether), bronobi sphenol-A and
pent abr onodi phenyl 6ki dea sgspending fil@: phot ol uni nescent and t her nol uni nescent
article of claim?9 %er el ik ifb@nLet ardant additives are selected from
the group consisting of ionic bromnes, phosphoni um brom de, al um na

tri hydrate, magnesi em hysfbkstalalizgphwslphat e esters, vi nyl phosphonat es,

bi s( hydr ocgﬁbyl ) vi n\é)l phosBEongt es and thrg_i r condensation products,

anti nony oxPde, zint bor APEE P IUR #B bor at es, nol ybdenum 30 conpounds,

magnesi um car beffch A8 thoiinsidifiRSpDjestePRSB REPHEdsYES.

i) an ethylenically unsaturated dicarboxylic acid or anhydride
component selected from the group consisting of maleic
anhydride, maleic acid, fumaric acid, methacrylic acid, acrylic

20 acid, itaconic acid and citraconic acid;

ii) an aromatic dicarboxylic acid or anhydride component selected
from the group consisting of phthalic anhydride, isophthalic
acid, phthalic acid, chlorendic anhydride, tetrabromophthalic
anhydride, tetrachlorophthalic anhydride, tetrahydrophthalic

25 acid and anhydride, adipic acid, succinic acid, suberic acid,
sebacic acid, azelaic acid, terephthalic acid and mixtures
thereof; and

iii) a dihydric alcohol selected from the group consisting of
neopentyl glycol, propylene glycol, ethylene glycol, diethylene

30 , glycol, dipropylene glycol, dibromoneopentyl glycol,
bisphenol dipropoxy ether, 2,2,4-trimethylpentane-1,3-diol,




12. The photol uni nescent and thernol um nescent articl @.0fi,&l @ NyEnweeredin
the Received 14 Novenber 2001 18 AUG 2004 66 phot ol um nescent and

t her nol um nescent polynmer is applied to a fabric and utilized to for f'de
retardant articles selected fromthe group consisting of clothing égquéb b
air balloons. 13. A process of preparing a |um nescent polyner coated
surface conprising the 5 steps of: 10 (a?"*prepari ng a | um nescent pol yner
resin by mxing a thernosetting polyester resin, a vinylidene nononer, a
suspending filler, a thickabrmoapbsphendi diprepoxyecthdy, 54-abiahé¢di€r and a

phosphor escent pi gnent; b§ addi ng . .a | ymeri zation cata to forma
catal yzed | um nescent p}gfs heé}o?éégfi‘fﬁté?g}ﬁ%o%‘i??tegﬁip&}m@% :Péj% at al yzed

l'um nescent pol ymer resiiydréxy a8dHcfsAa® midifires fhekdd Nescent article having at
| east a portion of a surface to which a |um nescent polynmer has been

appl i ed, wherePn thd lhmiricrestpalymgsloppesingoat ed surface is prepared by the
process of glaim 13@.15 g‘?‘xﬁﬁﬁbﬁ{tﬂggﬁlﬁ/e&ém?&@ ng a | um nescent pol yner
g a [

conprising: (a) mx er nose g pol'yester gel coat resin with a

t hernosetting nol d@dl e 4 esplidaseheated;fromthe group consisting of

t hernosetting | am g;ti ng resins, thernosetting casting resins and m xtures
thereof to forma ern%%‘@??‘?q?@% yester resin mxture; 20 (b) adding a
suspending filler t@the; hejPrehddif\g; pol yester resin mxture in amounts
sufficient to suspend heavy phosphorescent pignents; and (c) adding a '
phosphor escent pi gne@ht taUtvhsatibesrmpdet ting pol yester resin  mxture. 16.

The processgyof maki a 1 r of claim15 wherein the 25
P Rl RS

t her nosetting pol yester m X S’sel ected fromthe group consisting
.of orthopht halvherejpahy getrassettegipobesttigogihtbrapties:pol yest er resins, nal eate

Gl O TR LTS R
claim 15 wherein the maleic anhydride, fumaric acid, maleic acid and mixtures thereof;
(ii)  anaromatic component selected from the group consisting of phthalic
15 anhydride, isophthalic acid and phthalic acid; and
(iii)  a glycol selected from the group consisting of neopentyl glycol,
propylene glycol, ethylene glycol, diethylene glycol, dipropylene
glycol, dibromoneopentyl glycol, bisphenol dipropoxy ether, 2,2,4-
trimethylpentane-1,3-diol, tetrabromobisphenol dipropoxy ether, 1,4-
20 butanediol, Bisphenol A adducts, hydrogenated Bisphenol A, DCPD
hydroxyl adducts and mixtures thereof.
4. A photoluminescent and thermoluminescent gel coated article prepared by
adding a polymerization catalyst to a photoluminescent and thermoluminescent
polymer and applying as a gel coat to a surface of an article wherein the
25 photoluminescent and luminescent polymer comprises:
a) a thermosetting polyester resin;
b) a suspending filler; and
c) photoluminescent and thermoluminescent phosphorescent particles.
5. A coated article formed by addilig a polymerization catalyst to a
30  photoluminescent and thermoluminescent polymer comprising a thermosetting

polyester resin, a suspending filler and photoluminescent and thermoluminescent




process further conprises mxing a thernosetting fire retarddhtl/polyEst gr
resin into 30 the resin mxture. Recei ved 14 NovenBeeeragiolt Nevember 2004
67 18. The process of making the |um nescent polyner of claim15 wherein
the process further conprises mxing a thernosetting flexible pol eﬁ‘iﬂﬁé{]
resin into the resin mxture. 19. A process of nmaking a | um nesce %d
article conprising: 5 (a) mxing a ther Betti ng pol yester gel coat resin
with a thernosetting noldable resin selected fromthe group consisting of
t her noset ti ng phephorescemig pesicles, wheremosdiet i ngalyast | photobsningscand Bidt ur es

thereof to fopma thernosettin ol.yester resin mxture; (b). adding a
suspending fi l Fheelfm(fl%mm%(}e%@?]X{S’gre{%tqt% ec{)?)sl ‘i/ggt"é??t PeSTh C?ﬁti‘{ ﬁ%l les ggje %ﬁl
anount s suf fi cfremtthd grotplsRR RGN BAMMiIRAAHRIIECSEELNTicIR! SHERbRed artiflks.2ddi ng a
phosphorescent pignent tqo the thernpsetting polyester resin mxture; (d)

addi ng a catal st td RIR@IREEHSIeend fhermelupiresednt ragidln prsperadr by addidg 4 e)
formng thest hﬁél%?x‘%ﬁ?}ibﬁgaﬁ s 54 ?ﬁ%@%i&s{%é&% &ehﬂ&gmgr{% % l g égr%%r(: .'E?nn 15

shaped article. e process o I ng m nescen article of
cl ai m 19 wher edpplyilgto d presxnssgenticlstvdped thepholvnihscere and treasluminefcent

fiberglass fabri.c. 21. A lumnescent shaped artjcl.e nade t he pr.ocess of
claim19. 22. nglf’ogéggmot:he %ﬁfoﬁﬂmﬁeﬁcﬂﬂi aﬁgé}&t‘éﬁ‘f’i“&@?es&%tpé% samerises
conpri sing m xihe@nRettidf) Hd19EstERS edsid, NG NRpRGIZE HilIgE | an@0Jhotb RSdifes¥drk Narfd

t hernosetting nol dable resin selected fromthe group consisting of
t her moset ti ng themumingisentgdioprhoresp@y peyéigles.i ng casting resins and ni xtures

thereof tojjorma tfigr rhin@&eHPAn}ﬂe(ﬁérﬁfoP{/nﬁﬁés@edﬁaMc% &t nc];lgigﬁéri,gghe?ein the

suspending filler to the thernosetting polyester resin I n anmount s
sufficient to preerspimgdrtiviasy filleogplrondeiznt a pivgméint s, addi ng a

phosphor escent P! SRRk By RFoiol 5 BBREHHAScRT MR S abSShhRizi e 0
pol ymeri zat i onpliodliirhiat@ent andt thermdhithnes e ol irh@ B8R hAlly'eébmprRsd A flRkMpiure to
forma catal yzeq thernosetting | um nescent resin m xture and
polyester component and is applied to a fabric to form a photoluminescent and
15 thermoluminescent fabric or article of clothing.
9. The photoluminescent and thermoluminescent article of claim 6, wherein the
photoluminescent and thermoluminescent polymer further comprises a fire retardant
material selected from the group consisting of fire retardant resins and fire retardant
additives.
20 10.  The photoluminescent and thermoluminescent article of claim 9 wherein the
fire retardant resins comprise reactive intermediates selected from the group
consisting of chlorendic anhydride, tetrabromophthalic anhydride, dibromoneopentyl
glycol, tetrachlorophthalic anhydridé, decabromodiphenyl oxide (DBDPO) (ether),
bromobisphenol-A and pentabromodiphenyl oxide.
25 11.  The photoluminescent and thermoluminescent article of claim 9 wherein the
fire retardant additives are selected from the group consisting of ionic bromiﬁes,
phosphonium bromide, alumina trihydrate, magnesium hydroxide, phosphate esters,
vinylphosphonates, bis(hydrocarbyl)vinylphosphonates and their condensation
products, antimony oxide, zinc borates, barium metaborates, molybdenum
30 compounds, magnesium carbonate and mixtures of these additives.

12.  The photoluminescent and thermoluminescent article of claim 9 wherein the




appl yi ng the catal yzed thernosetting |umnescent resin. mxt0re as .3 _ge
coat to a surface of a product to nmake the |um nesce#?ced‘éffd lg?‘ée %rrggé&lct
30 23. A lum nescent gel coated product made by the process of Caim22.
Recei ved 14 Novenber 2001 18 AUG 2004 68 24. An el ectrol um nescent 18oAUprags
conprising a conductive substrate |ayer and a |um nous polyner |ayer that
conprises a thernosetting pol yester, a su8Bendi ng filler and an

el ectrol um nescent pignment. 25. The el ectrol um nescent polynmer of claim 24
wher ei n t he copliiclummessmbsid teenoldmimeyent palysel is @pgibdfto anfatbriveargir wiljzed

consi sting of al ,. gl as ith.a con ive layer and. a nducti v

pol yner. 26. Tg)g%oéﬁnefg? f%?réﬁ?wﬁég?!?nﬁe?eﬁgﬁ#?f?é’? %H‘fgr ?%?Wlﬁﬁnﬁﬂg‘ﬂ‘é‘?‘ﬁlgt%g%m

| um nous pol yneik ballcdyier is applied by nmethods sel ected fromspray, curtain
coating, screen_ printing, spread coating, vacuum deposition, ion_ plating,
sputtering andl®henf dapcossaplpreprarmgdelypaiossash polymer qstedeuefae esmptisingshent
pol ymer of gl ajm 2% wherein the conductive polymer is nade conductive by
materials selected fromthe group consisting of conductive fillers and

conductive fibers. @8. Tiepaingatlumingsnenigsdanér rpgdh hymixiod a dleahoseRihgwher ei n
t he conductive fibers 15 CO{’gPI’i se staj.nl ess steel congéxlcti e fibers. 29. A

conductive el ectrol uni na¥HIT Fsity AsmYHdTs MUORGT 28ysPsndiRg fillgfst t i ng

pol yester; b) a suspendi@gofropik @ficdifidr, 2N els@6iiH éﬂ@ﬁﬁﬁ&?ﬁﬁre&@&%@ﬂéﬁ?cem
pi-gnment; and .20 d) a conductive material selected fromthe group

consi sting of condu®i verddinga pobngriationeatalyst fo/Brmiaseielyzedlymimgseenonduct i ve
el ectrol ummescent pol yngfi.0f £hai 29 wherein the conductive fibers

conpri se stainless stee[%é}érg(flfctllg\?e fibers. 31. The conductive

el ectrol um nescent (@l yrapplywig chaicatab@ed auimigsaent epofimanf resdb t€ andudtdevi t y

solected Trom i OROHRRARE 140 e 5L Bbhh G SPURELCRui o
pol ymer of cl alumickcomd gloBimert I8 been applied, wherein the luminescent polymer coated
surface is prepared by the process of claim 13.
15 15. A process of making a luminescent polymer comprising:

(a) mixing a thermosetting polyester gel coat resin with a thermosetting
moldable resin selected from the group consisting of thermosetting
laminating resins, thermosetting casting resins and mixtures thereof to
form a thermosetting polyester resin mixture;

20 (b)  adding a suspending filler to the thermosetting polyester resin mixture
in amounts sufficient to suspend heavy phosphorescent pigments; and

(c) adding a phosphorescent pigment to the thermosetting polyester resin
mixture. |

16.  The process of making a luminescent polymer of claim 15 wherein the
25 thermosetting polyester resin mixture is selected from the group consisting of
orthophthalic polyester resins, isophthalic polyester resins, maleate polyester resins,
fumarate polyester resins, glycol polyester resins and mixtures thereof.
17.  The process of making the luminescent polymer of claim 15 wherein the
process further comprises mixing a thermosetting fire retardant polyester resin into

30 the resin mixture.
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el ectrostatic dissipation |evel of conductivity provides. antistati¢” " """
properties, the seniconductive |evel of conductivity B‘Feb‘(ﬁr&d]e‘é5 \ﬁﬂﬁ%ﬁf & e
shi el ding and the 30 conductive |ayer of conductivity provides shi f'ﬁleﬁ'lfq
agai nst el ectromagnetic interference (EM). 18 AUG 2004 Repl ace l{ @nge
17 AUG 2004 69 33. A conductive el ectroluninescent polyner conprising a
| um nescent pol yner coated with a netal 1€ and t ransparent conductor,
wherein the |um nescent polynmer conprises: a) a thernosetting polyester;
5 b) a suspendi®g fThd processnel mpkiag thd dotinedcenti podsee nif qdkiospﬁlo;v}&saiﬁnhe
igment. 34. The el ectrol um nescent. polynmer of cl.ai.m 24, wherein.the
![O hgr nosetting prﬁg?sf/gg?{é? GOLPLISH) V@SPg Ba%galofﬁé’?grgg’@}p?tei RRYYESIST yeslt g0 thys The
el ect r ol um neseentmipalymer of claim 24, wherein the thernosetting 10
ol yester conprises a glycol conponent selected fromthe group consisting
gf ypr opyl ene dPycéi , PECES| etfe BRESI 2 nbEpresesnt ghersdl | artivlet rpmpnising! ycol |

di propyl enes gl ycol , 1, 4- i i r'tg&nﬁgﬁ 'R .

2, 2 4-tri ng?t hyl - 1, aipen@%&%gi?gﬂe%(is,eg!% éne nggfbto%{ {f-g%e‘%@llaﬁeﬂaﬁngp?emng

1, 3- propanedi ol , hexyl emeoldgfily gedin stleited lipinethe grbyc obnsistiag rodehdmyloemenggl ycol
and m xtures thereof. 15 36. .The el etﬁt rol L{F”I nescent | ol%per. of g}lﬁai rt’n 24,
wherein the thernosetti nff BEREESVE NELINST 1%%%“3%{%’5?19 fogxtues Higgnot to
conponent sel ected fromfbhea iedmpPsetta@lebicn@siaimig@apent yl gl ycol,

propyl ene glycol, ethylene glycol, diethylene glycol, dipropylene glycol,
di br ononeopentyl gl@tol ,2d8ngpiumsndiae filspioxhe thefmpsetting polyester resin mixture

2,2, 4-tri hyl pent ane- %, 3- di ol - i | i i . 20
1, 4- but anreﬁ ol , Bi sphenjol?:i‘l,qua%(kig 8‘%@‘%%3?53%%‘?@9 i%}gdﬁglﬁf’g%%é% %%1%’
~hydroxyl adducts ard) nmi xddngs: phospheodscer pignkinetoethe tharnmbsetimpesdywaster painy ner

of claim 24, wherein the isgls yending filler is selected fromthe group
consisting of silica, i er é%heres, glass fibers and other short fibers,

nephel i ne syenite, (gl dsgding Praslyst @l e Sherofite®s p@lFedtirCsinCilx@irtMind
carbonate, magnesium sul fate, calciumsulfate, alumpa )
: e forming the thermosetting polyester resin mixture into the luminescent
15 shaped article.
20.  The process of making the luminescent shaped article of claim 19 wherein the
luminescent shaped article is reinforced with a fiberglass fabric.
21. A luminescent shaped article made by the process of claim 19.
22. A process of making a luminescent gel coated product comprising mixing a
20  thermosetting polyester gel coat resin with a thermosetting moldable resin selected
from the group consisting of thermosetting laminating resins, thermosetting casting
resins and mixtures thereof to form a thermosetting polyester resin mixture, adding a
suspending filler to the thermosetting polyester resin mixture in amounts sufficient to
suspend heavy phosphorescent pigments, adding a phosphorescent pigment to the
25  thermosetting polyester resin mixture to form a luminescent thermosetting polyester
resin mixture, adding a polymerization initiator to the luminescent thermosetting
resin mixture to form a catalyzed thermosetting luminescent resin mixture and
applying the catalyzed thermosetting luminescent resin. mixture as a gel coat to a
surface of a product to make the luminescent gel coated product.

30 23. A luminescent gel coated product made by the process of Claim 22.




trihydrate and m xtures thereof. 38. An electrol um neagg%edd@&li&\?ember 2001
I

conprising a conductive |layer, an electrolum nescent polyner |ayer
according to Caim?24, and a transparent | ayer. 18 AUS 2004
68
24.  An electroluminescent polymer comprising a conductive substrate layer and a

10

15

.20

25

30

luminous polymer layer that comprises a thermosetting polyester, a suspending filler
and an electroluminescent pigment.

25.  The electroluminescent polymer of claim 24 wherein the conductive substrate
layer is selected from the group consisting of metal, glass with a conductive layer and
a conductive polymer.

26.  The electroluminescent polymer of claim 24 wherein the luminous polymer
layer is applied by methods selected from spray, curtain coating, screen printing,
spread coating, vacuum deposition, ion plating, sputtering and chemical vapor
deposition.

27.  The electroluminescent polymer of claim 25 wherein the conductive polymer
is made conductive by materials selected from the group consisting of conductive
fillers and conductive fibers.

28.  The electroluminescent polymer of claim 27 wherein the conductive fibers

comprise stainless steel conductive fibers.

29. A conductive electroluminescent polymer comprising

a) a thermosetting polyester;

b) a suspending filler;

c) an electroluminescent phosphorescent pigment; and

d) a conductive material selected from the group consisting of conductive

fillers and conductive fibers.

30.  The conductive electroluminescent polymer of claim 29 wherein the
conductive fibers comprise stainless steel conductive fibers.
31.  The conductive electroluminescent polymer of claim 29 having a level of
conductivity selected from the group consisting of " electrostatic dissipation,
semiconductive and conductive.
32. The conductive electroluminescent polymer of claim 31 wherein the
electrostatic dissipation level of conductivity provides antistatic properties, the
semiconductive level of conductivity provides power-cable shielding and the
conductive layer of conductivity provides shielding against electromagnetic

interference (EMI).
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33. A conductive electroluminescent polymer comprising a lumineéceﬁt‘
polymer coated with a metallic and transparent conductor, wherein the
luminescent polymer comprises:

a) a thermosetting polyester;

b) a suspending filler; and

c) an electroluminescent phosphorescent pigment.
34. The electroluminescent polymer of claim 24, wherein the thermosetting
polyester is a glycol based thermosetting polyester.
35. The electroluminescent polymer of claim 24, wherein the thermosetting
polyester comprises a glycol component selected from the group consisting of
propylene glycol, ethylene glycol, neopentyl glycol, diethylene glycol,
dipropylene glycol, 1,4-butanediol, dibromoneopentyl glycol, 2,2,4-trimethyl-
1,3-pentanediol, 1,3-butanediol, 1,5-pentanediol, 1,3-propanediol, hexylene
glycol, triethylene glycol, tetracthylene glycol and mixtures thereof.
36. The electroluminescent polymer of claim 24, wherein the thermosetting
polyester comprises a polyhydric alcohol component selected from the group
consisting of neopentyl glycol, propylene glycol, ethylene glycol, diethylene
glycol, dipropylene glycol, dibromoneopentyl glycol, bisphenol dipropoxy
ether, 2,2,4-trimethylpentane-1,3-diol, tetrabromobisphenol dipropoxy either,
1,4-butanediol, Bisphenol A adducts, hydrogenated Bisphenol A, DCPD
hydroxyl adducts and mixtures thereof.
37. The electroluminescent polymer of claim 24, wherein the suspending
filler is selected from the group consisting of silica, microspheres, glass
fibers and other short fibers, nepheline syenite, feldspar, glass falkes, pumice,
mica,A calcium carbonate, magnesium sulfate, calcium sulfate, alumina
trihydrate and mixtures thereof.
38. An electroluminescent device comprising a conductive layer, an

electroluminescent polymer layer according to Claim 24, and a transparent

layer.




