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10 not solely conditioned by the rise in temperature.” By the rise in temperature,

Wiedemann referred to the fact that liquids and solids emit more and more radiation of
shorter and shorter wavelengths as their temperature increases, finally becoming
perceptible to the eye as the material becomes red hot and then white hot. This is
incandescence or “hot light,” in contrast to luminescence or “cold light.”

15 Examples of Iuminescence are the dim glow of phosphorus (a
chemiluminescence), the phosphorescence of certain solids (phosphors) after exposure
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
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light.” presumably enter the crystal lattice of the host material and are responsible 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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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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- containing a phosphorescent metal sulphide and a substance which absorbs energy of

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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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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articles con phorescent terials are al'so 15 known. For
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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




material such as a transparent or translucent plastic. U S. Patent N@}
5,490, 344 20 (1996) to Bussiere discloses glowin-the-dark fishindgl Qﬁ%‘
made by { i a white powder with a plastic resin and a phosphorescent
substancéggﬁygk‘g resins include thernoplastic rubber, §F§W€HW@EU6

pol yol efin and plastisol. U S. Patent Nog 4,759,453 (1988) to Paetzold
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stabilizer), a P]glosgh resgent gi. ment . ( rg{erably copper activated zinc
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phosphorescent fiberglass reinforced plastic articles 1 n which
phosphor esce#fOSPRFGPRSALCtS, SPPTting2ogdntidd@ys o the reinforcing fabric using a

carriegpresin an - Syi I jer. resi.ns jnclud crylic

| at ex, Ii(e)poxy, po%@%ﬁ@?ﬁﬁ%#s e %éf%%g?%%?%dgvfaﬁﬁ S Brteqals ‘Bglf’a'&getﬁ?fane,

pol yvi nyl aceéxatmple, olyebten] tinyl estérdl@reporib.annh ﬁ@oricﬁﬁﬁ%%oth%cliéﬁﬁgélyegteri hese
n be Iz

conpounds. The phosphorescent coated fabric can the uti d™w th both

t her nopl ast | KRR easti¢le, yatioiue tpreegisdsearedtilizdd dn dwihiels e déblemirtinfoneemtentafiteer

i d ] ins _(.whi ch t b ted and reshaped with
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reasons: 1) previous attenpts to add a phosphorescent rfateri directly to
a resi b systiensunavia psdgnerizatior of thef thermospwing Irgsiud. ged cobemagtoptibmdlydaay of

hi gh density, osphorescent material from surface of the final
article; anoapof’yle(f ﬁb(’%??e’fﬂg | PTREFoSES, Wéorotﬁa@ie:ﬂﬁof’mﬁ?ﬁé rﬁ@qrﬂoﬁﬁt%ﬂ@ﬁ% ade
casting processes may be utilized to 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



to shielding by fillers, which prevents t he phosphorescent materials from
being 20 charged which, in turn, prevents the gl ow from being vi si blfeAUGTé,
met hod of coati ng the fabric vvlth a phosphorescent utilized by Vockel, Jr.
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the phosphorescent pignments do not settlge during storage and use and a
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transl ucency characteristics for better 25 utilization of phosphorescent
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an article thdces %f%bat@n@eﬁpetrmmdmlveamdesl §vﬁﬁt|nfmd:BBoErdﬁ@EaS§@§ o@frdﬁher
utilized to produce nunerous goods such as furniture, sw nmm ng pools,

bat hs and spasrts awshsusfacesuwianro risweops baide tosigh a@da?(d@fﬁdééffmet)\é aaesessifpor t i ng

goods d toys. 10, Thernpsett esins enco of. materials
Pcl uai g, Tor ensiroeey siephtd S5 Poghs SURORD-De PiFalfadinl eehs
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utilized in which the fiber reinforcenents are saturated or wet-out with a

liquid ther meetenéyngf thes phosphdresteap quignadnt Hersettienduringy bisndingeeresationalang i nt o
the formof the finished article. Once f.or sha is allowed 15 to
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Ther noset nolding an casting processes iy be. utilized to form
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fiber reinforgenEmt S vel prafed d? Yohbéiently worked. Thus, there is a particular need for

polyester thermoset methods and products which keep the phosphorescent particles in
suspextsion not only during blending and application, but also during storage over the
20 useful life of the luminescent polymer. .

An additional problem arises when attemptirtg 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;




in nol ded parts that the surfaces showed a distinct three-dinensional fiber
pattern caused by shrinking of the resin away fromthe glass fi bei@l\gﬁ'%ﬂ'ﬂg
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reasons. A renedy was soon devel oped injphe use of gel 25 coats, which
today are utilized on the surface of thernpsetting pol yester plastics to
produce a decorative, protective, glossy surface which requires little or
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attenpting kol suifétRziRb AERRO(SEEDSTlabout 1.02 < $/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



color. The filmis doped with the rare earth el ements i,n_an aimunt..af 0.
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dielectric with rel ati veleinfBidy dbet fgcgﬁge@glag fesrast ant overlying the first
el ectrical conductor, a light-emtting phosphor enbedded in a polyner
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-conductor such as ipdiu [ r indium oxi de/silver polymer overlying the
phosphor and defi ni ﬁ)g ar%mﬁ?r%gg\%e or p&??’ae %] F\eén\’/i ewing of the electrically
excited phosphor. B pol yreiliddrelngsofdeg; With a relatively low dielectric
constant separates each 15 of the individual light-emtting elenments from
each other and al |l ef) at e suspeading B9t bet ween the individual light-enitting
el enments. SUMVARY Ofy THE hNMEE&k o(iliﬁgr,present inventor has realized that

t he af orenenti oned e%<arrp?es show a  conti nuing need for inproved

phosphor estent pol ygers 4 0V shisifiter 0dddm nescent 20 applications. In
particular, there remain various needs and unsol ved probl ens which nust be
over come bef ore t hePnoset PRSPYISIcERt HgW¢Ms can be nost effectively utilized

wththe various PRSRNORERANN, B&fHekfibeRing MiyRlEEE n ErbRgLOs et resin

nust be wat er -
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

3
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10 phthalic anhydride, isophthalic acid and phthalic acid; and

(iii)  a glycol selected from the group consisting of nébpentyl 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-

15 butanediol, Bisphenol A adducts, hydrogenated Bisphenol A, DCPD
hydroxyl adducts and mixtures thereof.

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.
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phosphorescent pigments subject to “greying” when such pigments are utilized.

Preferred unsaturated polyester resins in the present invention incorporate
maleic and fumaric unsaturated components, orthophthalic and isophthalic aromatic

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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15 result will come within the scope of the invention. The terminology used herein is for

- the purpose of description and not of limitation.
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” impiies any kind of

20 cold light, this term will be restricted here to the iaéting 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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applications for the luminescent polymer blends of the present invention. A partial list
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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One of the more novel uses for theA 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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markers. Heat activated thermostimulation 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




making it | ess hospitable for the light-shy bacteria. 25 "Black Ii hta"
(safe Wlights) are particularly suited for energizing the |um neside QG 2004
pol yeste i scl osed herein. Black |light bulbs coated w | yesters
are part%@d’%ﬁ%é useful, as the |uminescent gel coats V\nItP TE)"TN"@\(}\/B@? ghtly
for extended periods after relatively gsgort illumnation. The | um nescent
gel coat is also particularly suited for precision nolding 30 processes in
that the thickness of the gel coat can be nore easily neasured. asthin 18
AUG 2004 VGhQBILGARAZRGRHAIAAOL1E, I Cpsioddie! BF AboLRl pABDIGH is

al | ows

Lum nescent base material for circuit boards and conputer chips

i |1 um nat i odessrblehi glectnlinuesspon epplsatiors sl thgntiedight wilk fade tviten pandr is

di agnosti c . purposes, .. "Hot ots".L.n the chips arts or connections w ||
cause the | TRABSEENA TR TEater i hgPO HEreo b RTBIN Ty in PR FEGHRR Iy
useful for desianiafat¥si e ahlieR G %hE bi 1R knb@h! { ANER SoatihBe

| um nescent Q%ﬁeymrg&descr?bgﬂlehe?eig are éll slg dp%‘r??cgéu gag})y usle?%alu-gph
certai s appbdreat proming duwaptead thaingher motelaxotie sreiods plicpsnati®tn ddgvdBionf or
exanple, clothing and hel nets may be activated by body heat, wheels and
hubcaps of 0 RARHIGnERULEENY 8RY ereBYCalygpop depeaiapdthege pyd pthakmetheds knoyot or
covers of i vehicl es.; a h - er tonoti ve vehicles may
be activate 6@853 nsg%le(ec\i eg%e, gg%agﬂgﬁlsc h@dmé;%rg& 5?%?%%“2@‘%5%{3@ i%tvki Sf?zechﬁcy be
activated byonedney atbentd anbinaérseThebpaeiim BRY thibkneds Hipeateen Yiedvdli@kesdi r Or
| i qui ds. Novel special effect uses include "liquid witing" on the
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totally explicable by contemporary theoretical models. Therefore there is no
presentation herein of a precise explanation as to why the present invention may
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




25 El ectrol um nescent polynmers (lum nous capacitors) may be constructed as
follows: a conductive substrate (netal, glass with a conductive |aygmys 2004
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occasionally be useful, particularly that of a phosphor with a very bright

initial ill uphmw;hﬁmceah@lginthomws Oﬁfﬂ%*aﬁ%eatﬁém@rd"hm@ﬁg@dovmbr10§(o~
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<1%-2% being preferred for electroluminescent applications. Examples of suitable

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




preferred so the |um nescence will quickly fade when electrical stinulation
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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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vinyl monomer is styrene. Styrene when compared with other commercial monomers

of

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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ethyl acryl ate and 2-ethyl hexyl.acryl ate, and the vinyl esters such as vinyl
acetate angms?%‘?wte‘iFB‘ﬁPg‘ﬂﬁéﬁ"é{lé‘fWéwgl?ﬂa TEYACEt i 1ity, usually in
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the practice of the present nventi on. e et eni ca
unsat ur at eceffeotsyaeaitnelrthe doutde besd, fwhich rethmes itS@bility 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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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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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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They are used i n GANeaRtisahilpmssbe OselQfodaMjuned@vith 2ahwatiss e, wepels such
as acetone are added to the formulation to thin the 20 material to
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i ncl ude i nhidght GhBinafils An@CSRY RIS comBied ivith 3@pBhding HNersdafdo atEtang:
agents. 25 Cel coats, Tncluding those |um nescent gel coats of the present
i nvention, ghesphoypresaltd iy af serfdrambation capbovsedeorreasilyrmodifiedifoniuse ana gel
vertical surfaces, when applied at. wet fil n]déﬁtﬁ_rface) t hi cknesses of

appr oxi mat el 4P30CSE. BIHEIRRT AL AR TEL" S09P (fikage may occur from wet
filmto cured fil 1ér¥ggi KO8RS reidoplif@filiets afid ?&séé&ﬂn@ﬁﬁerﬁ%&ﬁl ﬁ{@;g,géyemed to

t he rel ease-coate |'d surface or ~ 30 ot urface by spray nost
~conmmon]$ret hdsentibn @imhadditiohlter stooadnddongd-dibeetirfbresinentBindlude &06eh dioxide,
' glass flakes, glass spheres and microspheres, nepheline syenite, feldspar, mica, pumice,
calcium 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 stiﬁ‘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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30 Suspendi F§PRqUNAE ARG Gat be WSSH YlisRidagaarsphighatveas fovbris desirablee Slisrewdksary

WO 01/ 60943a(?d6 weight as well as strength, and thus is useful in items such as fishing lures.

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
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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
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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
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ultraviolet stabilizers is preferably added. Wen acted upon by ionizing
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| oss of 25 | ugi AT : j s _absorbed by chem cal
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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
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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
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retardants. Both of these approaches are useﬁﬂ 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.
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initial steps of the 5 degradati on sequence. UV scavengers and deco@pé@ﬁemglf
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| i ght powder that functions by.absorbing heat, by evolving steam to dilute
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extender and as a 2&%@@%‘33%?@@?3%{%@%‘%3“ eev-eggg@%"rﬁfe? %g@%éﬁ II@O?E
relatively tused.onVahosphisrus uschcas 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



S5 treatnments can be used to enhance the various properties of ATHfill|ed
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soluble in tRE Peding u I ze t ntion. f um nescent
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agents are utilized. Another useful conponent of unsaturated polyester
resins are fpwingeohhe peroxidesagesitusely, anthg Prasny avenfion arggjogt commonly used

pol yost or - moth craaepBR R 2Rl GEE S ERY) prdf/fl heRAE CARPLYRFT and

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,




“agents are typically used in amounts of about 0.1-5% by weight. O her
useful additives may include |ubricants, processing aids and pri neklyAUG 200
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(cat al ystagawl di acyl 10 peroxides (such as benzoyl per% T/ﬁgﬂo/‘l%lr?pri si ng
one class and peroxy esters and ketoneg4(such as nethyl ethyl ketone
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2) curing agents for thernoset resins; and 3) crosslinking agents tor
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shi ppi ng, cesmald Bidetitly The mra@w&w&%ﬁﬁ B, ofefeliifsiced plANYs f%f atbritfurdd Ni shed

product, and ability to be activated. For the |um nescent polyners
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wi t h hydr ogeiheP@i®Rnhide, resulting in a mxture of peroxy structures and

hydrogen per oxi de. .
Micro and short fibers will do a reinforcing job that is not possible with either

de
de.

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




Rei nforced plastics are conposites in which a resin is conbined with a
reinforcing agent to inprove one or nore properties of the plastic 1gailfi 20,
The 10 reinforcenent is a strong inert material bound in ticto
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whi sker and can be nmade of organic, inorganic, netallic or ceramc
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class incl uagggh%%%&ers, m crof 1 bers, m neral bers, chopped and mll ed
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25 mechani cadmpranes tdsksancd/ highamolluhermdacemplessive kirbgs dndusstsiandingt ur e
that are .processed for use. Wth the phasing out of asbestos, wollastonite
(cal ci um nekexsicaliresistence CRerilignt theymoplasts Rarghaveibsen speeifisallynengipepieddet ance.
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made Tromconti nuous fibers such as gl ass
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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




tenperature resistance, high nodulus and conpressive strength and
outstanding chem cal resistance. Resilient thernoplastic fibers hQ\seAUaezgm
specific ineered to 10 inpart needed durability t (it

t her nnseteésd%ﬁﬁggfi brous reinforcenent nust neet specific }g%@éh@éd(ﬁm

requi rements of strength and cost. Forzgany | am nates of |ow strength
requi renents, paper is an excellent reinforcenent. The preferred fibrous
reinforcenment in the present invention is usually fiberglass. Several
forms of gl asmpbdierestliiggiupt exdidile, b8 hiphewrehoth, digiehdiO EMBilkO rdshelrPsst ti ng
plastics. These include woven fabrics, continuous strand roving, chopped
strand, wovéampepatiregextiemepoaeiosionaesistinsst Hestobit ickeaousl Bopaties andeashopped
strand), yam mlled_fiber, etc, Surfacing mats or veil .open-weave

of {1 ype’ CTAONRANE aSeveFfariOin AP SRn e B HWRORsTFa0r OO bLeh  h a
thi ckness Obaas 29vBH i fBhant 1Re thS hobt SHABRE lusd@SHO Ll b L AL ool

mat ched di e m)? di ng and ot her processes. In 20 general, for” open nolding
and préss nmStrdegthl moteastses, dinent epropaiionc® altee ghsy eontsaf ul Fibaniknptr and ormon.
For nol ded products, nonwoven mats are nore versatile and | ess expensive.
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mat erial s Mpy: lBXer Sigutigtien all WreGlics Swith Belass ComMémE €8, typi cal Iy inproves
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anount of fiber used--the ratio of glass to resin. 5 Strength increases in
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‘af fect | oad-beari capabi lity and.gcontjnujt f stre transfer.
Uni di rect i onal o'erggﬁP%l Eﬂ‘l’spﬁ’l{?\?P % 'ieﬁ‘glﬁ '%P?’@n‘bsf’ﬁ |S’Ts'?‘ esd‘i’*f@’é’f’? 8h and

mekes it 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



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 aqgglg;g @4
each other_to provide 10 strength in both directions. Milti-directional or
random or I"ERPY {)‘Qn provi des equal but lower strength in aPETaUPEeMIGNS,
with a glass content up to 65% Silicatespase 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 of sgempasi tions, filament dianmeters and forms are 15 useful in
this inventi on Various fibrous silicon oxide materials can be used.
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about 1.5 wel ght percent based on total welght o t he

al t hougl$ | oadndhge glpsstfibet0 Ther lobriant, nfily—foemerjded doapligt ag?bh@d&tflbéa siglé NY
conpositions for use in treating glass fibers usua?l y contain a |ubricant
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The film former is 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




protection for the glass fiber strand; a filmformer or binder that gives
the glass fiber 10 strand integrity and workability; a coupling ad@ ot 2834t
provi des_better adhesion between the glass fiber strand and the paolyneric
materi al Y&H4P%3re reinforced with the glass fiber strarfd:,T/‘%l‘ﬁ%mB{) er |
addi tives such as enulsifiers, wetting ggents, 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 15r@fpeh t Menegl ASS hhidBtitstaltife |HbMmicaRdsistadntd Bhd QuABe, wandh medip!l i ng
agent can be a single conpound or a mxture of two or nore conpounds. The
filmfornerfabsicusual |y water soluble or water enulsifiable during

processi ng and st be non-sensitive wat er_.after curing. Exanples of
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usual | ¥ a stcominetidouplThings ageatat thred ldvals of dopduaivitz-abitetatiowr ele¢trbsmtibondi ng
to the glass and a reactive organic noiety that is conpatible wth the

pol ymeri ¢ naiseEPaiEn (Enlbnssraicoylugiave: S1asty freRPWirT erblereicliing and sanpetiveconpl ex
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25 Carbon fibers are used Tn reas as autonotive, aerospa

sporting- geedlsabippty CAldios of Ihelcife flerhughfiveds tay pravethasidungtuteful ow
density, low thermal coefficient of expansion, |ow coefficient of friction
and excel | emtthr thsi present einventipgsin eleetielummessenalappligeens s/hewsnan talestcahnd

gg\e/ginfl gzs gerrrg &c?%gggré?%i%rlgmf:ngggeh@eqous fi bers of netal oxides. The nmjor

ers are very high tenperature resistance plus
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strength. They al so have outstandi ng chemi cal resistance and can be woven
into fabribeghtSeard ahproypeeilestive et With the preserny imvedtion besrlymarescdnnown t o

be useful for, lowering the i.nnate elegtrical resistivi f .plastics--that
s, To i mpaPthBaRt uFh 8 congtoriiests. THpieS Rt ot o Bgtlulrs o6
conduct i vi tx;\s/ec?fnhi ShitncErs O FRRECEMSHANLRt piinsntPatd PArtcHRE ; effective in
sem conductive, nostly for power-cablée shielding and conductive, to
provi dé shi ebmumgioagaimelV sdtelctersoame drardfit drannt/df pretestice (EM ) in el ectronic
packages and ca%get r i

prove particul ar ‘Us‘B%Itﬁqlﬁ\gaﬂlatf Iﬂ‘%{/] Iﬁggvﬁf"gg@ﬁ%&\ﬁ%ags%ﬁr“?svﬁgtgg’b’glf’f‘g% EFH gscent
appl i cati ong, Wher &:sAke€laRE (detiC4lves 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




10 , current is used to excite |um nescence. Another group of materials
that has been found to be useful in conjunction to brighten and 1o
reflective qualities with the present invention are lumn hancer s
such as SR Pe¥4%ri ghteners, fluorescent whiteners, col or&gflggﬁ(ﬁ%%g‘?s and
spectrum enhancers. Fluorescent daylightzgpi gnents 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 geldidg BOKAbveliRX pr@ftifos, ke alreRlARd (68 i Matdnd asiping/wiihiin _
protection, daylight fluorescent pignents, pearlescent pignents, netallic
fl ake pi gnemesistartchewith céxcelinnt swegshaymgc rasgtaneatand ax thighatdegree obfoflexihdinges) ,

phot ochrom cs_(pr ' | i ght -agti vat h es),. 20 dianond-Iike
material s fﬁ&#@&%ﬂgs BQQBHP?@@H&M@K@&?BE@%WE@W& ates, etc.
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devel oped primarily tor "use in sanitaryware applications which also finds
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JS AQUAGUARRafbE expetddl riwsingGremed Gelatively slosvipondeahs repinlhpe gelied, s¢rydewe gel
5 coat used as a tgé)acoat. for sw mwg' ng pool s cont ai ni nP fumed silica,
benzophenonexothern oeppiesimstsly A0v39H i sharenterisigy Sivst alslova e SHER S¥CaAd
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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




by W light. On the addition of 1% MEKP at 25C a gel time of from 45-60

m nutes can be expected. Curing proceeds relatively slowmy once the Adsiif
has gelled; very I ow exotherm (approximately 40-50C) characteristics give
a sl ow eWé’rPléﬁﬁ‘% over a period of several hours, ensuri mF¥VAE/®tcking
and di scol oration due to overheating is,345 avoided in larger 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
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(L.S.E) resin designed for. han spray |ay-up application, suitable
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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




PCOLYLI TE(r) 61-358 and POLYLITE(r) 61-359, Reichold Chem cals, Inc.
products obtained from FGA of Australia, are high performance i sophthdUf g0
wax-free ol yester resin which are thixotropic, prepronoted, easy to roll
out withWo8Ee®Aly 1.5 suitable for spray-up, |ow exot her rﬁqwl{ﬂﬂf.ﬂﬁw
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is wax free. POLYLITE(r) 61-359 is a wax containing | ow styrene em ssion
(L.S.E.) grade. The gel time at 25Cis approximately 15 mnutes with 1%

- MEKP.  POLYLI JE60)miikre34 1R nesiP ¥k fIE( £0re® WiBddnfolRe s bR GIICHAIEI Galdsrds! NC.
20 products obtained fromFG of Australia, are rigid, thixotropic
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sel f-extinguishing to ASTI\/I? 635, and havin a rating to AS1530 - Part 3
1982 ofl0) gni TedBFesthe 2PAERLOT hgat gepprated ‘@f‘n&?'é?rf’é‘r‘i'ndex 9. Heat Evolved | ndex
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by the addition o tives such as antinony trioxide or alum™na hydrate.
POLYLI TE(r) Bbtah28New ReuthhWatbsChAenirdeml ss a' Ibwcreapinayy atedabn aiistesity, rfolly FG
of Australia, i.s an isophthalic flexible casti)ﬂ?gpg esin containi n% 35-37%

mononmer  whi Aexipleisophihalic FesingVith A QRERKT Goniel of 5% 3dsd 190gs tempergture, gel

wth fillers,j r L Oy _: - bl Lt R:cot:her kesins
Where 11 adqbifiof PRicREby 20-SERHhIEE ESCORMM LEM P HE rebF 10
during tshe cupgrovESapINt 408sthfick- dtDininimbeaitreswds fand shAnkdge dddt isiwskd Ghaheé cal s
Pty. Ltd. of

Y ’ 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



Bot any, New South Wales, Australia, is a lowreactivity, mediumviscosity,
fully flexible isophthalic resin with a nononer content of 30% and 18 Allof4
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FG of Australi aHIGSLETEhi HB2Qu(E10POB) | Alumihi Trihyidey,i deSSKIWO0! Mamikent r ol
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of 200 25 Mwugiric Kplst Rrosas phipingd fiom Bk Austmlipis/a fine alymingmy kstdrexide ve
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m crons.
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
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15 phosphorescent pigment does not impair the luminous properties.

LUMILUX® Green SN-pigments, 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



manganese and iron. The density is 4.1 g/m. Frequent excitation o tApE( 0 }5
phosphorescent pignent does not inpair the | um nous properties. LUML Zr”)
G een SN pi nts, available from R edel -de Haen of GCer ,

| ong- | asﬁ%@@?‘{ser gl ow | um nescent al kaline earth alum ng?@%ﬁ@@% th
rare earths. LUM LUX(r) Green SN pignenyg 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 thagitahigh b9fdayhignicdrasg s@dngtiz ool -subkth RS FessHE Triss. t DENVEUMSEX( 1)

Green N -PM 50090 descri bed above, with a duration of afterglow (down to
0. 3 ntd/ n2) GoeenupN+ IO IHO6° Miah atdensity THe .4 giam’ ah sermei disthargasiensf teys tfant he

afterglow can be increased by .u to.@%gowhen excitation is carried out

Wi th D11 uni RA¢TBACTAYaR Lhopvesten Rgidt0end apartiag dzadiiibuien tho #51401600 Lux.
The 25 LUM r . i I NSt gr,eyl but. are
sensitive tc%%\il\llgi' e%g$g%é%5e£g§%§P iﬂj\’/g Hfﬁgﬁglﬁlgc??rggﬁ’ ro}é%a??l%%'?@%nbev&%ﬁi ng in

the bl ug paphoPhotdifentt ShBitR maRBHbT m@ﬁ&gﬁﬁe@ns&mgmummmw&@i QP&nt he
| ongwave UV wavel engths. If the level of illurination available for
excitati on ISN-FOG (€080Bad simjlaopropértienivwtha $aréemndisthatyel divei of lesvihinh dlibe, t he
afterglow effect is of a very nuch reduced |l.evel even if "chars%li ng" is 30

carried out Hmbtless thasy 7o) qyigepide particienbanded pticle ke disyitynoadseett 54 BMk §duced
with 18 AUG 2004 WD 01/ 60443 PCT/ AUO0/ 00116 44 excitation by daylight or
hi gh st rengt“ﬁ’,' cold-white fluorescent |anps. LUMLUX(r) G een SN FO 50069
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yel | ongreen, orange and red aftergl ow pi gnents based on activated zinc
sul fides. LlaM btux@rige poticlBlsue oNIBOO50 has a density of approximately 3.2

g/cnB and an average particle si of g LUM LUX(r). Effect A~ Red N 100
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and an aver B ﬁ?errélbw ﬁmo%bﬁo‘?e&fentlﬁglﬂéﬁts are manufactured by Nemoto & Co. Ltd. of
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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' hydroxyphenylbenzotriazole class developed for coatings (95% benzenepropanoic
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
absorpfion 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
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2- hydr oxy- %ﬁoﬁﬁpqpéop&ﬂﬁg%nuﬁ ?c§ 'dektégmgoﬁxwrég%e er%ﬂ?tailof

BYK- Chem e Ger many obtal ned from tra

si | i cope- f r@grapmentr @ldeparesigdai filled eantl amfilleds adsaturited! ppyksters tepbﬁy ancBVlelA 501
is a conbination of foam destroying polyners used to prevent air
entrapnent &I I88R%H s BMK-iA oP1 11 E‘E?feéﬂﬂy G qd| Py @r@]&f%?fa{e@ﬁoﬁﬁWéfét B’Ft epoxy

o0 vy GRS B AR PR SRR ycaod prior Lo f1] ers o
difficulty. Typical fiberglass product}s 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.



Typi cal fiberglass products used for producing FRP articles can be

utilized. For exanple, BTI C 24, obtained from Brunswi ck Technol ogg @86 700}
Inc., is ?1‘?6% nidirectional non-woven fabric for reinfogsgluil@sis Cs (55%
fiber conte %‘{# wei ght) with high strength and stiffness, reduced
reinforcenent print transfer to finished7 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 conbi ne
chopped st rand n@EM)GBN®VER-100Vva Adpiroval KCheatkls girodvet gibtasnedf fr&MO0A1400 g/ nz
25 utilized in the standard range._ PPG Chopped Strand avail abl e

. : t (CSM,
“from PPG | ithtsely iGhemiqaisc of Betapy, ¢ NSMir gistradign i A \?‘é!ﬁqng(/ﬁ‘yﬂgaz*§939ml?qlbr ous
glass, with .conposi tion i85l L LpCH-pa ilj i FDoan
oy phous. vl PEGRSEaN{s0p fh T Bl EHEE tosipaf ahERC EhAR AR 0
(pol yester) i h teY doPRdagionsr CCHROGENS SKMiT0D fdh@sek emsbisal | er
than 6 mcr ghréec?ﬁhééré&s%‘ﬁ%dg%égd s%p?andoﬁat 30 product. WO 01/60943 4117 18 AUG
2004 RCT/ Aldgppd@athidardnk @BENindorpiPated Gnto dhepdlyesyealrestheltiic tipsalyr adiiedtto
obtained fromA C. _Hatrji CE Chem cal s of .Bot an%, NE% Augtlirkﬁaﬁ' aé tﬁl a

sul f onyl hydmabiesfer E9sixiR gV OhMHGh GORFEHAURM RSB SR AUFHPD 195 4 lber - Lhe

i sophthalic,; orthq ' | | masehoRRbiyest er
applicati onsff)aIEEE&‘h? ?I%lb g(ﬁ’c??g%é)ﬁ)oa h&%?éé%ﬁg?@%ltes é@?l&eﬁ%ﬁagt@&r e an((j) IS

easi |y i ncorpgiatiaddiition, it helps @hympstletes rgbsk fibedst(ifi wilized) trrdby eliddeadingo

pol yester resins in 2% by wei ght conc%nt ratjons prior to addition of the
fillers. Thehe pesdrfpnthedesin snbayellpdof of B’fVYIFFg}"Eﬂ?Sé‘&HGP%%lé%nt particles to the

surface, of the | ded, arti.cle: i £1.0 ' en ass
fibersiQif utiliABaPrieplg e%éf%rel‘uhgﬁtﬁag‘?i{%"ﬁ Broshike BRERTCNGBASH X apltas
rolled or othaowng tholfRmdsédnt peltchets gh@amldabl resinourddescribedbdiser il | ustrate
the present i1 nvention, working exanpl es enbodying the | um nescent gel

" coats and nol dabl e resins are descrilce4VBREBY, EXAMPLE 1 Sanple Parts by

quantitywei ght POLYLITE(r) 61-358 isophthalic wax free H P 30 kg-10.7%
resin

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%




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 18 AUG 2004
ort hopht hal i c30 kg-10. 7% resin POLYLITE(r) 61-340 wax free_orth o2phL thalic 30
kg- 10. 70PIYEM4D5 " kg- 8. 9% Tal ¢ TM AEROSOL R202 funed sil i Eé%”‘l?a 3% Q CEL
570 hol | ow mi crospheres30 kg-10. 7% LUM LgX(r) G een N-PM 50090 ZnS: Cu35
kg-12. 5% Tot al : 280 kg100% 18 AUG 2004 WO 01/60943 PCT/ AUCQO 00116 48 30 kg
of FA@ 29-652 A271/77 BWFire retardant resin*WG was mxed with 30 kg of

POLYLITE(r) 61-34% mgafm@egoéivhﬁz@’ﬂwﬁbw pﬁre%temqﬂeire%é*&g TR LmikMy “%ended
into the resins. his m xture was added 30 kg POLYLI TE(r) 61-358

i sopht hal i c 3gakg fdfGIK)H(EITE@l 61-326 Wk ﬁ‘bemmalRZQe%mf wieds sitd Tela Avd 30
kg of 5 QCEL 570 holl ow m crospheres to forma thernosetting
pol yester/ sdzlgeindhmig melxbsns b ghisramisifeavas [added §8 g Q%S@IIEE@ 85-38§ of

Var bl egl ave U6 SOOI Slaat 6! A IRGE MAA fii oifband STk 1N
E’Oﬂl_%/(ﬁlszrg ‘) Lkg%_?gg'ﬁ@ Hdllh%cﬁ@%ﬁe@?@fdrﬁil a ﬁﬁﬂn@%@(ﬂ%eﬂ%l?/ {/sﬁﬂ)ﬁgéirégf ﬁlll(_trN

I waxed ort hthalic resin an

Mar bl egl aze k@ idh&iA00R wasphen daggess &pdotbl BMIEUN® Gasem HhBM 50090
thernosetting |um nescent polyester. Slightly nore. Q CEL 570 hol | ow

m cr ospher esZnSOCO\xmsrbldEledsmtOgﬁ@ kgeqfaﬁ@lt B%L d%l\bwbstpibgla@ssig BOOpPQPReand. The
et onti o surdabie HegPermiRipreadg e srpenis fiF bk Rl pnd Pordingtand
the respect i Vb IR GRe I HIaR et §ﬁh8{’*§?’?§“@$‘%'ﬁ??%§ﬂ%‘ g e N
fol l owgg Forn@rifcisdzends 969—~(OII[R'[ 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)




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 14S&UG Bgld
wax and styrene nonomer. 20 EXAMPLE 2 Sanple Parts by quantity weight
AQUAGUARRY 8 30da40r t hopht hal i ¢ neopentyl 420 g 42.0% gl ycetT/pueyipiene

gl ycol clear gelcoat ESCON EX80 61-286 clgear 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

| am nating230 923p@¥fiiiTE® Sllaél?_da@ihd[ggﬁianc 9nibatg@. 28%gH G BT, H320
(EIO0O0F) alum na trihydrate AEROSOL R202 funed silica2l g2. 1% POLYLI TE(r)
61- 801 wax sol uti bre retardanyresime6. 5 g0. 65% Tot al : 1000 g100% A Ther nosetting
pol yest er/ suspendj fill teri.al first epared, Sfpr use in
this and the fol IWM%&@%O%%WEf%%&e 62792195|r9re ret gtzéa‘ht resin
was prem xed with ﬁ?g@j(ﬁlﬁ]%ggsig@&sti ng resin. With sl owsspged stirring,
the 5 AEROSOL R20 unmed silica was m xed in. Wen all R202 funed silica
was added, the npPRUVIATEES6 Hisopevrazadiudbn i girespeed.§g 40- 500M58% ons
(Hegman gauge). Wen dispersion was satisfactory, stirrin peed was
reduced and the ADOBBUARD 83279 clear gel coat basel%QR& t hel%BA yLI TE(r)

61- 801 wax sol ut Fef—adgdded;—with—stt+rring—bermgTontinued unti the m X was
honogenous. The HI G LI TE E1000F alumina 10 tri hydrate was then gradually
added, increasing gt e Bbseee oiaétéi‘@ﬁﬂﬁﬁéih%-ﬁll{hb&se higedl tved first prepareyest er
base wth a Brookfield Viscosity LVF 4/60 of 5000-5500 cP, a Brookfield

Vi scosity LVFRodhs @f thkGRA0h3 2000 gRxamglea POLYLITE®:61-28T fird rgardaniRzein VEKP)
of 20-30 m nutes. . . : .
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




Fi nal components can now easily be added to this concentrated thernosetting
15 pol yester/suspending filler base material to prepare for addition of the

phosphor gscen particles, by blending in order in parts b § MG VED

bel ow (i ﬁ&'ﬁf@“&nd fol | owi ng  exanpl es). 20 WD 01/ 60943 58 FﬁP&MOOHM

8 AUG 2004 Sanple Parts by quantitywei ghtsyTher 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) 500 g19. 6% AQUAGUARD 83279 ort hopht hal i c neopentyl

gl ycol / propyl ene_glycol clear gelcoat 20 g.78% CAB-O-SIL(r) M5 untreated

fumed silica Magnesi um sul fate20 g.78% LUM LUX(r) Qaapie N- BMr&0

ZnS: Cu510 g20. 0% Tot al : 2550 g100% To this is added 10-15 m . of wax and

styrene (POLYLITE(r) 61-801 wax sol ut| on) that enﬁb}ﬁ@éﬁ tHéelglétt entive

sheen or surface ) T ! S p-frescent
RBsetting ol

pol yester resin nmay be utid iz may be 5

made flexible as hatetidle exanpl es bel ow. The exanpl e given can easily be

scaled up to drumsize or larger. UV stabilizers, spectrum enhancers,

f1 uorescent whi t&S@@Nagé(tﬂﬂs6hﬂ§ﬁcﬁiearcqasﬁu®tesmr((ghtSQﬁgs arid.atdded bef ore

or after the LU ) ear sllghtly "floury,” they
are preferably ao@%@ef(‘o‘%@ %MF@PB ent Pgment. If the
casting resin)

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 m xture is "watery," they should be added afterwards. O herw Sﬁ, Mﬁe@
are added in split portions before and after the phosphors. W/ st&b ( &lﬁ's
and | um nescence enhancers may be utilized in percentage i ro
0.1-3.0 P¥PEEMP with the lower ranges of UV stabilizer %girr%\ggg@%‘gerred
when al kaline earth al um 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/ AU00/ 00116 51 EXAMPLE 3 SeapieLE® ts by quantity wei ght
Lum nescent pol yester resin7.50 kg75% PCOLYLI TE(r) 61-428 isophthalic
flexiblel. 25 kgl2.5% casting resin 1.25 kgl2.5% ESCON 400 (61-440) fully

fl exible isopht h%%—n—k@——kg—}%%;&ﬁﬁ-l.*ﬂér@eﬁmbkﬁhrm—gescent

pol yester was prepared by mxing 7.5 kg of the lu %entpﬁ?ﬁy ¥ter resin
from Exanple 2, 1.25 kg of POLYLITE(r) 61-428 5 i so%;\llgﬁ,l [ cngfggi bl e
casting resin flexible casting resin and 1.25 kg ES 00 (6I- 440) fully

fl exi bl e i sopht haljugikesdnf polfbgersesth- f | exi bl e versipsokg useful for itens
such as toys, signs, nunbers, lettering, lures, fishing floats and the
li ke. EXAMPLE 4 SRGINEIPE® s Gy42%uasphihalipei fgrbla uh2n&8cent2pd yest er
resin 6.0 kg 60% PCOLYLITE(r) 61-428 isophthalic flexible 1.0 kg 10%
casting resin ESCORMEAY®1-440) fully flexible isophthalic 3.0 kg 30%

resin Total: 10 kggkQ9%0400 (61-440) fully flexible isophthalic 125kg  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~



10 Afully flexible lum nescent polyester was prepared by mxing 6.0 &9 gf
the |um nescent polyester resin fromExanple 2, 1.0 kg of PCLYLIﬁ@(A 200%
61-428 | lic flexible casting resin flexible casting resin and 3.0
kg of ES@%@Bg(Gl 18 AUG 2004 WO 01/ 60943 PCT/ AUOYY ooff%’%‘é”%’ﬂb‘)ﬁ fully
flexible isophthalic resin. The fully flexible 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
S A t her nose440)gllypRdyiss iDpheBOERE Mhhd fulll @exibiaSRrsitH 8isaful msiteﬂ’{s%@ﬁ ed as
in Example 2. To the base nmaterial were added the conponents as |isted

bel ow to pr&duetding, Pupdinte Seking redsl fislsnenets, st seibnarai ftigagar0€é structures

phosphor escent, pi nt conpos 70% zi nc sul fide phosphor and 30%

al kal i ne ear i @:V%ggwgﬂa&gﬁ%ngﬂwgﬁfﬂ%anpl e Parts b quantityweight

Thernosetting pol yester/suspendi ng fgkisvippgse130 g26% material 90 g18%

NORPOL 62-3 03 orthophthalic waxed resin ESCON EX80 61-286 cl ear casting

resin (6r110 g229AESSONsEORBS miydsephudpahding fillerabase nedtadl wasagepared aesi n) :

110 g22% JS A RD_cul ture finish/clear | coat Magnesium sul fate2.5

g. 5% Cal ci unﬁ’%ﬁ“g’g at g?.@eé?aﬁ%‘@&g-wé)‘@@(ard)jg‘fﬁ@ ERTRPURRSHaT lisied) bslow a5 g1%

LUM LUX()  Gr@aedV-PM:A090,ZpS; 796 do MG B) 500

al kal i ne eaﬁlﬁ)lSC g??% aﬁﬁu%%nat g%%égr%oo%c’w g 10% Cﬂ’h%?ﬁho'}lééé)@ﬂt 81:’%%m
(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%



Total : 10 EXAMPLE 6 A thernosetting pol yester/suspending filler baig Ug 9
material was prepared as in Exanple 2. To the base material were cﬁeg We
conponent §oa%/6hdsst €d bel ow to produce a | um nescent polye I j

cont ai ni ng 15% phosphorescent pignment (80% 18 AUG 2004 WO gﬁf’é%ﬁ@llﬂ;

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

pol yester/suspending filler basel23.5 g24. 7% materi al 85 g17% NORPOL 62- 303
or t hopht hal i czwax@fide pkosphBSTONLEXBkakiie 28t ablreiaate phssphog). resi n (or 103. 5
020. 7% ESCON CR64 orthophthalic/fumaric clear casting resin) 103.5 g20.7%
JS AQUAGUARD cul ture finish/clear gelcoat Magnesium sul fate2.3 75 ¢g0.475%

Cal ci um car bonat €Z: ; 0 - &(d—f'—cgreﬂ—ﬁ-l— H cad. 75
g0. 95% LUM LUX(r) G een N-PM 50090 ZnS: Cu60 g12% LU i r) & 8en®\ PM
50090 al kal i ne earthl5 g3% al um nate 500 g. 100% Tot ajuhntﬁgﬂAl\/P‘J,‘gglﬁ A
thernosetting polyester/suspending filler base material was prepared as in
5 Exanpl e 2. To t hihepaseetng @oivabtermsperddae dllerhbassoni@dfemt s 24s7%i st ed bel ow
to

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




produce a | um nescent polyester resin containing 20% phosphor escenb} pi 8rrent
(90% zinc sul fide phosphor and 10% al kal i ne earth al um nate phosp @ré“ 240
18 AUG 01/ 60943 PCT/ AUOO 00116 54 Sanple Parts hiywei ght
Ther rmsg‘?gi%ﬁ/go ol yester/ suspending filler basel4d0 g28% rrat}%ee]ﬂi&gqakg XglO%
NORPOL 62-303 orthophthalic waxed resin &SCON EX80 -61-286 cl ear 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 um car bonate2.5 g0.5% CAB-O- SILO M5 untreated funed silica5 gl
% LUM LUX(r) Green—N-PM 50090 ZnS: Cu90 g18% LUM LUX(r) Green N-PM 50090

al kaline earthl 0 g2% al umi nate 500 g.100% Total : EXAWPEE 8PArts hdynosetti ng
pol yester/suspending filler base material was prepared as in. Exanpl e 2. To
the base material were added the conmponents as |i st hel oW4®T 5 produce a
l'um nescent pol Ye§EelosERRLN @Qméusnwegdiag%mh%pmmgent pegrent  (80%
zinc sul fide phosphor and“Z%Oo al kal i'ne earth alum nate phosphor). 10 18 AUG
2004 material :

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




WO 01/60943 PCT/ AUCO 00116 55 Sanple Parts by quantity wei ght 6.2004
Ther nosetting pol yester/suspending filler base 140 g 28% materi al MOZ_
62-303 0 alic waxed resin 50 g 10% ESCON EX80 61- asting
resin (or&qg’g&g%O% ESCON CR64 orthophthalic/funmaric cl egr%qggjgﬁlﬁﬂégr esin)
JS AQUAGUARD cul ture finish/clear gel coats5100 g 20% Magnesium sulfate 2.5
g 0.5% Calciumcarbonate 2.5 g 0.5% CAB-O-SIL(r) M5 untreated funed
silica5 g1 % LUMLUX(r) Geen 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 thernosetting poI yester/suspending filler base material was
prepared as in 5 Exanple 2. To the base material were added the conponents

as |isted bel ow m—mﬁmmstmmresrer—ww—ng 10%
phosphorescent pignent (60% zinc sul fide phosphor SAP%00 B¥Kal Phe earth

al um nat e phosphor). 10 18 AUG 2004 WD 01/60943 PC%(%@O’O% 56 Sanpl e
Parts by quantitywei ght Thernosetting polyester/suspending fil'ler basel30

026% mat eri al 90 DHSLHNERREpstadSuspeidiap Hillbalbae WadOetl r es28ve
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




ESCON EX80 61-286 clear casting resin (orl110 g22% ESCON CR64

orthophthal i c/fumaric clear casting resin) 110 g22% JS AQUAGUARD clif tAUk @004
finish/c l,coat Magnesi um sul fate2.5 g0.5% Cal ci um c g0. 5%
CAB- O S t‘?’?‘{”“ﬁf‘% untreated funed silica5 g1% LUM LUX(r) @%@%Bw@ﬁﬂswogo
ZnS: Cu30 g6% LUM LUX(r) Green N-PM 50090 sgl 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/ AUO0/ 00116 Sanple Parts by quantitywei ght

Ther nosetti ng pmﬁmw g18%
NORPOL 62- 303 orthophthal i c waxed resin ESCON EX80 61886 cTa4r Basti ng

resin (orl110 g22% ESCON CR64 orthophthalic/fumaric q%hﬁcﬁ& weight
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




casting resin) 110 g22% JS AQUAGUARD cul ture finish/clear gelcoat nesi um
sul fate2.5 g0.5% Cal ci um car bonat e2.5 g0.5% CAB-O-SIL(r) M5 unt rédt 2004
fumed si I o LUM LUX(r) Green N-PM 50090 al kal i ne ear

al um nat e 333/8%3/100% Total : EXAVMPLE 11 A thernosetting PCIPRbBRBIR

pol yester/suspendl ng filler base material spwas 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 phosphor escent pi gnent sui tabl e for pr essurl zed resin transfer
nolding (RTM. ‘ - anple Parts
by quantitywei ght Ther m)set t| ng poI yest er/ suspendl néampllel er Phased39. 5

g45. 9% material 168.5 ¢g33.69% Tal c TM UCAR(r) ther rmsett m crobal | oons7. 2
gl. 46% BYK-A 501 air rel ease additive (or cal ci um 634343, X‘f?%%&ar bonat e)

27.5 65, 5% LUM LOKchCicaan BoMSA090. RS B Tokal 1390 GTOggsn ar | Che

above exanples, 1.0% mni mimto 2. 0% nmaxi mum 40% et hyf et h
materlal
NORPOL 62-303 orthophthalic waxed resin .9%0¢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 0.5%

Calcium carbonate ' 25g - 0.5%

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

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




ket one peroxide catalyst is preferred and was used to provide adequatgehs 7084
cure. It is recomended that the above | um nescent gel coats be used
withint rature 5 range of 15-30 degrees Cel si us. i at
tenperatﬁ?gé%ggﬁer than room tenperature, adjustnent nus%ﬁggeﬁgwggfor t he
change in gel time with the polyesters. 5S8ir tenperature nmeasurenent 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 the coat—TFhefolow-ng-tenperature-range/catal yst
percentage is reconmmended for the |um nescent gelsémﬁks d&¥eisi bsd her ei n
when utilizing 40% MEKP as catal yst: Tenperature 3g%g§ Catah t Percentage
Bel ow 15 C. Not Reconmended 15-20 C. 2.0% 21-25 CH'175B¥ 26° C 1.0%
Above 30 C. Not ReeanpRmdRd Vel Sedaiad (ke Bide 2004 ¢ PCTLAULY 00116 The
above catal yst concentrations provide gel tinmes of approxinmtely 10-15
mnutes in a 100ngemalsanpl e of the | um nescent gel coat or approximately

20-30 m nutes on h | d. Problenms with cure may ur with ] ess than 1%
or nore than 2966%%%?9@?. Wth the present inventﬂggggihe ﬁ?é%??ce of

diluting the catal i LEI | pl asti ci zer such a o

di met hypht hal at e?j%gﬁ%%ﬂggggh{édé%%,ﬁs as wll theﬁzpé acti cesl'o4f6' t hi nni ng
catal yst with solpelts sSorhiraseledsbydddanet @drecaldfiani @I cat al yst4soare wel |
known to the art which may be utilized outside the preferable tenperature
range w th NMEKP. . caibpngil icati ons where nmol ding is done at other

tenperature. The cl i ng I esi Ael pful ditive h as a flow
agent and as a féjgﬁéﬁéﬂik%% 5&§%W¥®8§6$ﬁ§‘$%ophtﬁgﬁﬂé and 8?$%ophthalic
pol yester resins pgig-al so useful suspension additispgg to aobgse gel coat.
It is inportant that suspending fillers and any other fillers be added to
the polynmers to nodify the viscosity prior to addition of the

hosphorescent pignents. . The shroudi ffect of the visco mat eri al
ﬁel FS)E pr e\S/ent dgl rgéll fl'ga JoRYe exa?nplesl,Jl.IOL}?m?nimum to %0‘% maxi\{rllusm 48‘% methyl egthyl

ketone peroxide catalyst is preferred and was used to provide adequate cure. It is

recommended that the above luminescent gel coats be used within the temperature

5 range of 15-30 degrees Celsius. In working at 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 phosphorescent particles. Wien. mxing the LUMLUX(r) or other
phosphorescent material into the resin base, observation of the "5kifH8 208¢
the resigdesigessremely useful in adding the ideal amuntpcry6dddoe i deal
anount i s added, the gaps in the polymer will be filled in and an
iridescence or sheen will be visible on tthe 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 H&eabbvgedtdlpcpneantratibasproyidetss] sheeof, appesuttelyyl 4+1 Saninoweer | y

dry and brittle terial wth inpaired structural and | um nescent
properties. Vhén0 '%E‘?’ﬁ@{np]zirf)fgp? Tﬁf")‘i‘%?"ef“sgedéﬁ%trcﬁlqp?‘%f‘%‘?t%ly%d?@?lf“fte%8’(‘s
down on the n ' i I G 16 oAf t he
proper i cs. ATpERCHTHATARAR mif el MiBIRT AN 20 BT P Ehte

obt ai nabl e f rith Whé tpeekelt atvestidi, adiei praceer pf dilfitidd e, cilalyst wAgh tabditibmaght

out put of zinc sulfide |um nescent pignments is closely associated wth
their criyst alplastieizess (sush s limetiyphtbplatn) gvib cavsgaersregjap veifl gl pregtice of
processi ng not. t.o destr.qy..t I ang;cal f I , a
Cral o 30" ABURR SPaut QN B i Ra] el IR Uil (ARGl dpRRBERY, T

surface. VO Q3ARORAILGA rdy WUGIZE0 dutsREThARKRAM frpEheurde i en 2R MEKE!|
coat nmay be used for dressing naked fibers and lam nating resin on both

interior and iespmicitgns shefeameklingHs done plagtherdemparatyresnoot h and decorati ve
surface, addition X _and. st yr.ene_npnoner, L b dded, The | um pescent
gel coat fornul ati \é\ﬁeﬁfé@gﬂige%m%Weagﬁ?@Sg&%g%gwﬁ Prinllow agepy 51&({;350? a

mol d wi{h a 3 8L 2 fBLRO OT RS S 1 ARa1R Rind W tREpIAKalit Polyefter refint 8Fc NS bdehll
curing, the gel-coated filmis lined with fiberglass, the desired

| ami nat i ng r esspeasionadditives ey base gagoatot be | umi nescent) are applied, and
the assenbly is cured. and denplded to farma shaped article w th

| um nescent gel cdhiS HAPAHA fsaé%@nflﬁlﬁeﬁ[erssf’?ﬁs?r&f?@‘?r ﬁhﬁfﬁi%eé%ﬂttogtz‘fe coat
may be appli iy | {HdRioh Ut thepBbspRbresbisht Hardnd Cl €
(e.g., the i fh%gh?%% t%?mfgﬂggg% ?gc%ng ' tagtloe nor?-l ur$i n scS ntrl am'tﬂ?i ng resin
for inner, hitgdehroudingr sffes BOLiHel TiECoys 6ixSGES. haRel easenagdmagenty the

applied to the nold surface before fabrication to facilitate the rel ease
of the thred nhespheseseent pABEIFSt . The rel ease agent should be insol uble and

| mpervious to st yr\slﬂeen,xgl&iggut%tﬂm@ 01P &E}grvﬂhmfﬂho?ésgém %atéxfay ﬁ‘}to the resin

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.




15 solutions forma release filmthat allows excellent replications of the
nol d surface; for |ess conplex noldings, natural polishing waxes,18 AUG 2004
i ncl udi Qe §H@se/ W th a high carnauba  content, are sui tg@lrgm&mfl@(;lm ng
agent tends to force the phosphorescent parti cI es 'to the surface of the
finished nolded articles, resulting in éXRcellent |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 injecflhotumpesteniggel cogtphayaie wsed farrdredsmg naked bsérs ynd npmasingr r ed
than for use as a |. coat. nducti v rs such BEKI L

stainl ess Sfed) O%Bﬁtﬁde&eﬂ%arr SRR edse ok SRHGHAE B Tichh S hdecoradve
thermosetti ke RR) ¥fHidHal RheaslPsIle AcRomeeh bl Rygedd l ect ol um nescent

applications (via increased electrical conductivity) and thernol uni nescent
appl i cations (Vi &heromagseait tgjabrcmal farmnldtxcms piesgiteditabbvez areg appied| to the
al um nat e oxi de phospho . . Whi ch ggwer to respond tgQ ther rmstaltrggl ation

than the ziSWéacetra BOlGRFEeRd eEr%e Speh A FRIBYHEOr dPRige. (AN RAHY| e f or

AU 2004 B SOgES e AU BT R AR | RS R PRE SR 1

those skil | gghyidt thdyendrbe laminkescehnvird bgpliathund the xaembBsis desidging diefoldedpr ay
processi ng, open nold processing and _injection and bl ow nol di ggq may be

nodi fi ed forto fierm ¢ shapedarticke WHB ten harneseent gelswat aythe suefacglapers %ﬂé@%ed

| am nat es, resmtran n n i tion
nmol di ng (S Eliurﬁlnﬁ@cen c® ci'oélggfaé’gbeorgp‘;lﬁgl\{%] 3 &Oe ??jﬁlsged fn%ggér{en %’% g,
Spi n ofp r ot yRMNA.g., TRl idieRBr of QrBo'af)UOAJ%umhoxpmﬁﬁlﬁé@entplﬁﬁﬁﬂa&n@ &eéﬂufdf

nmol di ng conpound, pr eforms and prepregs, vacuum bag nol di ng, pressure bag

nol di ng, autioet,dvddenddydiraig POLAELITbER 6 1-308| tr u3| on, pul form ng and
extrusion. It will also be apparent oth ille rt .as to the
factors necessar ﬁ@@ﬁéﬁ%@tﬁlrﬁg" gﬁt?ﬂ?ﬁl Eur"é d W&gﬁ%%&hrfsofﬁ (iaﬁmido

accor dance %&lpa&hﬁme'r@%%tbpﬂled% sd%ﬁﬂat@cp e Ve i [3feh QSocAt GhoBE e N the
coating or no processi ng technol ogy. Ex npl es of the |nvent| on descri bed

above have hswfubimded dngetvesiseth atytenef toufichction desli. v tolytieyl adloahol (G¥A)
descri bed. The | um nescent polyners have' @een utili zg&)@ gel c at on

i tens Lhcl udehgonufosmanelease figl habpllowsipxeslientreplisations o \mé‘éqe qrms)
Signs, - boat ol bl MollinbnanrbApdifify WAL RRfiEPBEe AN figh CARAIEAY

pol es
“content, are suitable.

A foaming agent tends to force the phosphorescent particles to thé 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
1umine$cent 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.




and banners. The | um nescent polynmers have been further utilized to nold
items including safety and bicycle helnets, a di nghy runabout boat,]Bl‘Aggszm
nunber s wm/&o ifers, keys for nusical keyboards, skateboards,
scratchplates for guitars, light switch and door handl e &EFASEAEY16 door s,
snoke detector covers, knife and tool handles, 20 tel ephones, floor tiles,
ceiling and wall panels, stair treads, seat inserts and table tops,

printed circuit boards, headlight and |ight reflectors, solar cell |ens,

spa baths and vaii iyl basiendily ¥ppacdht a8An6i00kd: e,/ pad narkers,
nouse and rat traps, fl%i ng i nsect catchers, waa?xﬁl?lﬁgaq‘g%?égéo“i a%Otvﬁnds,

renote cont r SKTBRICT&sigHed fissPrayhripeessipg conemsold processingkad ifje&inhd BIHES,
fiberglass r r i N-spas and .novelty 25 itenms. Flexible itens nmade
and tested h%ﬁa?%&aﬁﬁgg"?ﬁéﬁﬂoﬁé “ﬁ@%aélfm&fr Deintheg PERfESSEhPYLheas spemampressed | t
shoul d be unfefiskisodedi@aiabanonng @ Lt ABRENLBILOR s dor Burpqses. of

illustration rather than linitation of the scope. of jprotdgfogm ed

this inventi AV, apmiprendorfosr matchel des arolditg, ofifabauhhdiR, GORSbASEGHonal
illustrative t exhaustive. Wiile 30 the invention has been described in
connect i on I SPBPRURYS SRSl dirpesss Premix of ulk welding e REOAprébdrot 260943

PCT/ AUCO 001 upgshsi hS. . no k-ntention to limt the
i nvention togl'?ﬁg%g’ enbgﬁi Qn%%%{ntgmgﬁtp?%ﬁgrecboﬁﬁ%g‘%’ ar‘#o%"iel mpding, hegmpset ed
that those sjultdusidn, pulfonmirgrdnd expeBioat takyil Bigo B8 appResr B! @B Hgn&f m]EtH?

a

i nvention, rr?% readily conceive of alterations to, nodifications of, and
equi val ent s Bhie Pieefastors dieespni teedrterming ptimutiemixtiriesn gnfl rmditioas 5n

principgges o i i it . is.intended.to cover all these
al ternat i ves%cctoprr&l;dcril!; ?ﬁgﬂl‘%ﬁg eng%)g déschbqsg%flbe%’te &5 Vaiiptiony, 'f’fﬁén%% PR GpRfig or
protection imoldproeessingsesh@dlogds broadly as the invention permts.

Accordi ngly, the scope of the present invention should be assessed as that

of the appended cEstmplennf ththinvertinn dgsenbed stwive ihage hedohinade tahé tégtete agdi ri t
T o en A SN B RIS ol St s b b s
suspendi ng futillRd 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



5 c¢) a phosphorescent pignent; d) a polynerization catalyst; and e)_ a
reinforcing material conprising a reinforcing fabric, wherein the 18 AUG 2004
reinforcing fabric is a fiberglass fabric. 2. A lum nescent polyne

conpri sMRPV6OHM3 a) a thernosetting pol yester resin; b) BCW\EM/%&@%
nmononer; c¢) a suspending filler; d) a thixotropic rmdifier; e) a W
stabilizer; and 15 f) a phosphor escent pignent; wherein the thernosetting
pol yester resin conprises: 20 25 30 i) an et hyI eni cal ly unsaturated

di car boxyl i r then O

consi sting g‘fl %gﬁgggihﬁq%gdgrl?‘gm&% g?gﬂigct;ﬁg % {ljtr?r%rtlfoctﬂg%ﬁ , Irgﬁrgtcr;cl)l ic
acid, acrylitlge caataly, 1tt\aﬁdm ap@edistedniht chbseasioifddc inathedart i hiponasktafi@faini C

di carboxylic acid or anhydride conponent_ sel ected fromthe grou

consi sting ofdgrpapding Of Abmyyentns, magdmﬁlhaﬂweewe at pieramstial mediispidons

anhyartde. (bt Fithy B P R S RDREAG . Raabe b PEHRE! S8 I ¢

aci d, syiber ipgin&pledl, of mbameemaﬁ;l dnd a7 6k ainfendéd do E&VeePAlt hBbdeCalgGhalivaRd -

m xt ures thereof and iii) a dihydric al cohol selected fromthe gr oup
consi sting @rﬁodlﬁr@upma@d eqylwmts %hfbwlpemé thyt pasont, pretehwrersetogieyr@cﬂsured

di et hyl ene .ene co di.br.o neo ent coI bi sphenol
di pr opoxy elag«? 02 t’?‘%%é"?ﬂyle’g@ aél(écoidlggl& %ﬁh\figﬁ SERL RSGBer

2001 18 AUG. Q04 b@‘lassessed as that of the appended claims and any equivalents falling within

the true spirit and scope of the invention.




t et r abr onobi sphenol di propoxy ether, 1,4-butanediol, i sphenpl, A b5,
hydr ogenat ed Bi sphenol A, DCPD hydroxyl adducts and ﬂ£§P§?§EE}%€$eo %%3. A

| um nescent pol yner conprising: 5 (a) a thernosetting polyester resin; (b)
a vinylidene nononer; (c) a suspending filler; (d) a thixotropic]%ﬁWiﬂm r;
(e) a UV stabilizer; and 10 (f) a phosphorescent pignment; wherein the

t hernosetting pol yester resin conprises: 8 20 (i) an unsaturated conponent
selected fromthe group consisting of maleic anhydride, fumaric acid,

mal eic acid and m xtures thereof; (ii) angaf@matic conponent selected from
t he group consisting of phthalic anhydride, isophthalic acid and phthalic
acid; and (iii)l-a g%ybﬁnm§@ﬂé§?@ﬂwfWﬁﬂﬂﬁﬁ@igroup consi sting of neopentyl

gl ycol, propyl ene yco g% I, diethylene glycol, dipropylene
gl ycol, dibronnneongtylggﬁ%%g%%éﬂgﬁf eé%%l di propoxy ether, 2,2, 4-

tri met hyl pent ane- 1, 8) di ok sudpetdiapfiierobi sphenol di propoxy ether, 1, 4-
butanediol,5BisphenoI A ad uc%s, h%dro enat ed Bi sphenol A, DCPD hydroxyl
adducts and®ni xt ur e&) t hef 88PSPhATeSKNFAGI ni nescent and t her nol uni nescent

gel coated article pyepapgdymérizafdica@as; B yneri zation catalyst to a
phot ol um nescent and thernol'um nescent ~ pol yner and applg%gg as a gel coat

to a surface of an altichecinfoesing maicrie conpriphg e otinferairgsiebrie, Weein Bei nescent
pol ymer conprises: a) a'RQ%%H%%E&L%pgﬁ9&%§%%EﬁmﬁE€S|n; b) a suspendi ng
an er

filler; and c) photol um nescen um nescent phosphorescent
particles. 5. A. coalddmaidscant polymensdndigirgddi ng a pol yneri zati on cat al yst
toa 30 pQﬁtquninescent and thernnbyninescent pol ymer conprising a

g

t her noset tifig pol y&kt er @ IEEPASCUPERPLSHAHY il er and phot ol um nescent
and t her nol um nescepj a vinylidene monomer;

c) a suspending filler;

d) a thixotropic modifier;

e) a UV stabilizer; and

15 ) a phosphorescent pigment;
wherein the thermosetting polyester resin comprises:

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,




Recei ved 14 Novenber 2001 65 18 AUG 2004 phosphor esceﬁtecﬁl?@é'dtliﬁh@&mfd&eae@ln
the catal yzed phot ol um nescent and thernolum nescent polyner is utilized
as a gel coat to formcoated articles selected fromthe group con?iﬂsﬁuinr}gu
of lamnated articles, cast articles and nolded articles. 6. A o 2004
phot ol um nescent and thernol um nescent article prepared by adding a 5

pol yneri zation catal yst to a photol um nes€ént and thernol un nescent pol ymer
and applying to a preexisting article to formthe photol um nescent and

t her nol um nescent arti cleeabreimebBphendlihdpppatycdthsy] Nésarnédiend

t her nol um nescent pol yner. co i, S a . thernosetti ol yester resin, a
suspending filler and ph%iSBﬁ’% ﬁéga‘é’ﬁse héﬁagenﬁwghﬁﬂﬂ%rﬂqﬁe?@ﬁﬂ
phosphorescent parti cl espydkbkyl addiR® RO RliRLHEHHREREENt and ther nol um nescent
article of claim®6, wherein the preexisting article is a fiber optic

material or a 8V bubdum@escEnep@ioeisiomprisiagcent and t her nol uni nescent
article of glaimb®é, erej . m. nescent and t hernol um nescent
& S;l‘fm g {hQnB&%ttlng :ﬂgl;rlg:{%%{* resin

pol ymer additionally’conprises a e pol yester conponent and is
applied to a fabric)o fovimyhdgpbaioabmes;nescent and 15 ther nol um nescent
fabric or article O{"?Cl ot hi ng. .9._The phot ol um nescent and

t her ol uni nescent  a¥®i cl 25WPending e, wherein the phot ol uni nescent and
t her mol umi nescent  p@Ely ey tfi WoBRMmERMR! i ses a fire retardant material
sel ected fromthe group consisting of fire retardant resins and fire
retardant additive) 202 WY statikezephodol um nescent and ther nol uni nescent

article of,glaim?9 ere t Lre. rdant resins conprise reactive
i nt er medi a%(gs sel ected férghrﬁsp (geé‘%’ﬁotg)bé&cgnsi sting of chlorendi c anhydride,

-t-et r abr onopht hahereinathéjhdrekettingipolyestenresipesthises:gl ycol , tetrachl orophthalic
anhydri de, decabrompdi phenyl oxide (DBDPO) .(ether), bronobisphenol-A and
pent abr omodi pheny! n&d de’™ ati‘ia.t.‘%ﬁ‘?g‘pﬁﬁ%‘lt B?I‘iﬁtr‘?‘{r}g%%&ﬁgrawoflﬁé rfﬁ)qr}um nescent
article of claim9 wher ehflefch@hydridesfuh@tiabél@nhalgddiidiane smigtRs aRtR¢t ed from
the group consi sti nairhOf i oni ¢ brom nes, phosghonl um brom de, alum na

T

trihydrate, magnesi hyaiy BRMaks coFmeBpi selecteds remdhe groim gansisbrpeiordhadis,
ant | mony oG de, 7i nt. boraT Sy Rop Rl R A Bl e nim 30 copounds.
magnesi um car bonat e(i@nd aglytalrselscted fromelsegraddedrisisésg 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




12. The phot ol um nescent and thernol unmi nescent article of cl &ulaLUnlvépein
the Received 14 Novenber 2001 18 AUG 2004 66 phot ol uReerwwielt Navedber 2001

t her nol um nescent polynmer is applied to a fabric and utilized to formfire
retardant articles selected fromthe group consisting of clothing aﬂgguw)tﬂ
air balloons. 13. A process of preparing | um nescent pol yner coal 004
surface conprising the 5 steps of: 10 (ay“preparing a | um nescent polyner
resin by mxing a thernosetting polyester resin, a vinylidene nononer, a
suspendi ng fi | peasphaesceti x partiojgsc wheteii ethe a cifsys¢dabiphbobrmiaedera  and

phosphor escent i nt ; b{/ ddi ng a.polynerization catalyst to forma
catal yzed | uni H‘legrsr%gﬁlf"neﬁ%f’ Pr@?’mfregi lﬁl,h%%fjn%s g g CQﬁtptf&P% C?‘ﬁ%‘?&‘é‘flﬁf; ?‘“g%qled.
| um nescent pofyi®ke §06p Corisiitiag 8 Mahd@ed attolesAcdstiriBes &RINhoAEL AGkigs. havi ng at
| east a portion of a surface to which a |um nescent polymer has been

appl i ed, wherefn t he PhoflwBEEEw Nt pod yhamobiarasernt suidlapecriatedpbrpddiod Dy t he
process of =%l aj ot - Irbrag sce | ymer
conpri si ng: (ag) %zﬁé%%?ﬁﬁnﬁgﬁtﬁﬁﬁg%% yel[s%gdralﬁe &E%gntegc_reggsfﬁgvr\ﬂﬁnda

t her nosetting a}}pbymmtola@rc@sstmgsam@@tﬁédnﬁ thmrphpﬂomngnagmammmeghalmgmgicept t
thernosetting _l.am nating,resi thernosetting casting resins and m xtures
thereof to fof'W'% Wﬁ%?ﬁ&%t@?ﬁf}l’w%‘g&é‘ﬁ tf‘%g'gwnﬁ???{: é’f’? T CBYPHENdiMg a
suspendi ng fi | fhefmdsertihfepdlesterosaid, | BYsupndas! @licF SmidN pHb®Iutifescdrd AoUNt S
sufficient to suspend heavy phosphorescent pignents; and (c) adding a
phosphor escent thmgpinetcsnt mhesrhvsssaes gatirlsy pol yester resin mxture. 16.

The procesg of 7 makifig o{dﬂﬁﬁlﬂl@&%ﬁﬂundgﬁémr?iﬂésc&é %*tmlelgﬁ %@%&i Whdrl§ me2

t hernosetting polyester resin mxture 1's selecte rom roup consi sting
of ort hopht hapieexigiok pesieis arfést ogic maephvhalivebuyial yest er resins, mal eate

oL YeSLer TSt B T G BRSSO LG Erf ™
cl ai m-15 wher eptotdiin@inescent and thermoluminescent polymer additionally comprises a flexible
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




rocess further conprises mxing a thernosetting fire_retardant. pol.vest
|roesi ninto 30 the resin mxture. Received 14 Novenb&f® gp%?%@a
67 18. The process of making the |um nescent polyner of claim15 wherein
the process further conprises mxing a thernmosetting flexible pol yidsAUsrnps
resin into the resin mxture. 19. A procr:rgss of making a | um nescent shaped
article conprising: 5 (a) mxing a ther Cett ng pol yester gel coat resin
with a thernosetting noldable resin selected fromthe group consisting of
t her nosetti ng phatoiumandseayt pedthespolumercsmsepdlymer is appliadgo nefsbrivsaraingilirekt ur es

SuSpendi ng 11 1 D TgTE RERE R ROSEL TN ol s P s si lpeyde?

anount s suf fi chieballdoas.suspend heavy phosphorescent pignents; (c¢) adding a
phosphorescent pignment to the thernosetting polyester resin mxture; (d)
addi ng a cat al §/§t t & BrPREst AR BIEtE lnglinsetane pelamer easiad swifreaqomprisiig the e)
form ng thegthgroosetting polyester resin mixture into the |um nescent 15
shaped article. 20. The process of making the |um nescent shaped article of
claim 19 wherein the@) | unepesgentmskapeichbadyhéerabsn bgmidhgi tiearekettinigh a
fiberglass fabric. 21. A Iu%%gescent. sﬂﬁ%gd article mad$ b}c t he process of
claim 19. 22. A process BPYSHskISE: & viny JRAgmeR &SuPSaLRg o fuct

conprising mxing a 20 thixeuopseiddifid, POV ebRizedfld £Résphétsidinthibe;
thernosetting nol dable resin selected fromthe group consisting of
t her moset ting | am n@ i ngpddEgiapolymesizationseatalysidp foasricaglyzedintresesd ni xt ur es

thereof toqdorma ther nglﬁ)@)h%érqgsilpqhgester resin mxture, adding a
suspending filler to the thernosétting polyester resin mixture in anounts

sufficient to suspehd hepalpynghios photest dominpscpne Hobymexdebsing t@ a surface.
prosphorcocent B! SRk L0p £8:1 REVAR ALY, BRLIESET BTt s ©
pol yneri zat i onlunfihdstéit Qolyntert e Bediii dpPEER Nhdréif N tHO I@hinkf@nt pEIFner Rbatkdire to
Forma catal yzgd, L TOSL bULASRGEM oot 1 mxture and

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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applyi ng the catal yzed thernosetting | um nescent resip. m xtOre a5 a’gel’
cggt yt oga surfaceyof a product to nake the |um nesceﬁ?ce@éq)é @ﬁ?‘@&lbﬁfgﬁ}ct.
30 23. A lum nescent gel coated product nmade by the process of d H’r@ﬁi
Recei ved 14 Novenber 2001 18 AUG 2004 68 24. An el ectrol um nescent 8p ZD@'r
conprising a conductive substrate | ayer ang a |lum nous polyner |ayer that
conprises a thernosetting pol yester, a su€pendi ng filler and an

el ectrol um nescent pignment. 25. The el ectrol um nescent polynmer of claim 24
wher ei n t he coh¥uct Theepmabrstofameking thaheninessers glodoterdoff claim tl hevigedn phe
consi sting of netal, ass with a.conductive |J.ayer .and .a conductive

pol yner . 26. The“er efggf?e&cﬁ)mpﬁlégsc IH%B@WOS%Ln%ﬁS’f‘%ZWlW@F &SP {IHQ the

| um nous pol ynesin rhiayes. i s applied by nmethods sel ected fromspray, curtain
coating, screen printing, spread coating, vacuum deposition, ion plating,
sputtering and [@hefi cBICespotf  mekigspdsi ?‘lf‘@ﬂ‘?sc@?. siippede| wttleol eripRsmEent
olynmer of £laim?2 erei i IS i.ve by
ot or' a1 5. sol ected P om TRtr on oo e eah f et s B« ARRAEE
conductive fibers. 28. Thaddilecesimiselpiterk roanthepobymesnsoting lodlither2dsartrey ei n

t he conductive fibers 5 conprise stainless steel conductive fibers, 29.
conductive el ectrol uni né%‘ggﬁﬁp%fﬁsw e%ﬁ%ﬁ?%f%ﬂng ’ﬁ’f’nﬁa‘?‘ﬁ@t"?%@%fhtefﬁ? to

pol yester; b) a suspendifogn bihdr@bsetting pdiyesletinhikitdescent phosphor escent
pignment; and .20 d) a conductive materjal selected fromthe group
consi sting of condu® i verdding|a suprending fidlshipube theendsetiag olysger resip nuwimtiuct i ve

el ectrol umgescent pol yngr Fae ' ' d .
conpri se stainless st eeﬁgcaon&lll}%!t ?l{l/fgbl%‘?tb‘grqgﬁs(ﬁg@ E’%ﬁ’g @gdr%%{%%glcg@ £1g91%£t§, _
el ectrol um nescent (pbl yraddingfa pHosphor@erh pigmregt & the vtermodettirSpatyestdt edsinvi t y

sel ected fromthe group c.op%i:,sti ng of " electrostatic dissipation,
sem conductive and conddttiVE. 32. The conductive el ectrol um nescent

pol ymer of clai m 3Xdyheradiingta€atalyst to the thermosetting polyester resin mixture; and
(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.




el ectrostatic dissipation |evel of conductivity provi ﬂ%éei@é&t ISt dntber 2001
properties, the sem conductive |evel of conductivity provides power-cable

shielding and the 30 conductive |ayer of conductivity provides shi qladhm |

agai nst el ectromagnetic interference (EM). 18 AUG 2004 Repl acenent ng%e
17 AUG 2004 69 33. A conductive el ectrol urgi nescent polyner conprising a

| um nescent polyner coated with a netal | i*€ and transparent conductor,

wherein the |um nescent polynmer conprises: a) a thernosetting polyester;

5 b) a suspendiZdg f iAd dectrofminesyerdmobyhec tooprirmgesadnttivphospheriase end a
igment. 34. The el ectr.ol um ne nt _polymer of cl.aim.24, wherein.t

![O hgr noset ti ng ng%ﬂ?gss%l Fg?aéergﬁéjg&ngﬂ%l%&f{‘?rﬁ’é’ﬁ%%ﬁl}'ﬁfr’p?oﬁ‘?%%@gﬁgh‘ﬁg?g. The

el ect r ol um neseadtn pletiystemnineécesd @gitrd4, wherein the thernosetting 10

pol yester conprises T%egl ycol conponent sel ected fromthe group consisting

of ~propyl ene gPycollhe&teriplamamesiepralymered byt veieyeinthe candickye abstiaje ycol |

di propyl enesgl YR is sliefelBbARe FIQ)'UR c%{s&'&?gﬁgﬁ?%ﬁ %}a%i ggﬂ ¥ EQlductive 1Fyer and

2,2,4-trinethyl-" 1, 3-pent anedi ol - pentanedi o
1, 3- pr opanedi ola,cohduciivepadymgt.ycol , triethyl ene glycol, tetraethylene glycol

and m xtures thereo 1 . The e] ectrol um. nescent, pol r of clajm 24,
Sherei n the t heProadle FRsTOIBYYSTEPIuRn bl LRET 4% Steffly H e ioug paprmer
conponent sel etdyetl i asphict gy GeOUR selebsl FbmnGral cHRARDIMg, S4¥&Dprinting,
propyl ene glycol, ethylene glycol, diethylene glycol, dipropylene glycol,
di br ononeopent yPregd ywoBINE, piagHR fsPosiiqR: ogBxlating epttering and chémical vapor
2,2, 4-tri mpphyljpsptippe- 1, 3-di ol , tetrabronobi sphenol di propoxy either, 20
1, 4- but anedi ol , Bi sphenol A adducts, hydrogenated Bi sphenol A, DCPD

hydr oxyl adduc£g. andherelktioleminetrenigupiym@af clna 28| veloteio thendonéstien polyaley mer

of claim 24, her el h spendi n filler.is selected fromt.he grau
consi sting of \Mgsl ﬁ’?%é;cgnn@ gﬁges%ﬁ&agg ,glsgsleia?gése8 ffcir%éﬁesgrgm ‘gErEpe 8??8‘}0?1%%’ s,
nephel i ne syenffitless ahékeksative fideasss f al kes, punice, 25 m ca, calcium

carbonate, na sium sul fate, .calcium sul fate, alun na
ggg Iﬂw electrolumlnescent polymer of claim 27 wherein the conductive fibers

15  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
.20 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
25 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
30  conductive layer of conductivity provides shielding against electromagnetic

interference (EMI).




trihydrate and m xtures thereof. 38. An electrolum nescent device 1§ AUG 2004
conprising a conductive layer, an electrolum nescent polyngr | ar\%er
~according to Claim24, and a transparent | ayer. Replacement page
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33. A conductive electroluminescent polymer comprising a luminescent

polymer coated with a metallic and transparent conductor, wherein the

luminescent polymer comprises:

a) a thermosetting polyester;
5 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

10 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.

15 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,

20 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,

25 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.






