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molding or extrusion of the compositions according to the invention.

Phosphorescent compounds with an aluminate matrix are well known. US 5, 424,006
describes this type of phosphorescent pigments and refers to the possibility to mix

them into a plastic material.

US 5,607,621 describes phosphorescent synthetic resin materials comprising about 5
to about 20 % by weight of similar aluminate based phosphorescent pigments and a

synthetic resin. Many synthetic resins are mentioned by way of example.

US 5,976,411 describes molded, extruded or formed phosphorescent plastic articles
made out of a plastic composition comprising a thermoplastic or a thermosetting
resin, about 1 % to about 50 % by weight of a phosphorescent pigment and about
0.001% to about 20% by weight of a laser energy absorbing additive.

US-B1-6,375,864 describes compositions and molded, extruded or formed
phosphorescent plastic articles produced therefrom comprising phosphorescent
phosphor pigments preferably in combination with polymer-soluble daylight

fluorescent dyes.
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with the screws.
It is desirable to find phosphorescent pigments that cause less graying and that can be

used in smaller quantities to get the same optical effect as obtained with larger

quantities of previously used pigments.

US patent application serial number 09/922,624 filed on August 6, 2001, describes
transparent or translucent thermoplastic compositions comprising a thermoplastic
polycarbonate resin and a phosphorescent pigment (phosphor). The phosphor is
present in a quantity of 0.01 to 2.0 % by weight. The phosphor should have a median
particle size of less than 10 micrometer. It is stated that graying of the composition

can be minimized by selecting this particle size.
SUMMARY OF THE INVENTION

It has now be found that by incorporating phosphorescent pigments which have been
coated with a silicone oil in thermoplastic resins it is possible to get less graying of
the composition of the invention when processed with the screws of injection molding

machines.
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Objects formed by injection molding or extrusion of thermoplastic composition of any

of the compositions of the invention also form part of the invention.
DETAILED DESCRIPTION OF THE INVENTION

The processing of long afterglow phosphorescent pigments in polycarbonate is
usually a very complex task. Since the hardness of these pigments is generally very
high, extruder screws are “scrubbed” during compounding or even during the
injection-molding process. This results in graying of the resin and/or the final part. A
solution to this problem is to feed the pigment downstream during the extrusion.
Unfortunately, although this decreases the graying issue, it does not eliminate the
problem. An alternate solution is to use extremely fine pigments (maximum particle
size below about 10 microns). This technique has proven useful for thé further
reduction of the graying issues. Downstream feeding of the pigments is the preferred
method of addition of phosphorescent pigments (in powder form or dispersed in a
masterbatch). Downstream feeding is not even required when extremely fine pigments
are used and even a single screw extruder can compound the complete resin
formulation. However, it is well known to those skilled in the art that the large

phosphorescent pigment particles exhibit by far the brightest and most durable glow
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The use of the coated pigments of the invention gives additional benefits: the moisture
sensitivity of the pigments is reduced and the polymer matrix will less easily react
with the pigments which sometimes can affect the properties of the thermoplastic

resins.

The invention also claims thermoplastic compositions wherein the phosphorescent
pigment has been coated with two different subsequently applied silicone oils. The
phosphorescent pigment can have a first coating comprising a hydrogen-alkyl
siloxane oil and a second coating comprising a poly dialkyl siloxane oil. The order of
the coating may also be reversed. These coating steps are performed prior to

compounding.

The coating is usually present in a quantity of about 0.05 to 20, more preferably 0.1 to
10 or most preferred of about 0.5 to 5 % by weight with respect to the phosphorescent

pigment.

The thermoplastic composition of the invention can comprise colorants that have been

added to provide daylight color.
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The thermoplastic compositions of the invention are preferably used for forming
objects by injection molding. This patent also claims objects formed by injection
molding of the thermoplastic compositions of the invention. Thermoplastic
compositions of the invention may also be used in extruded products such as sheets or

films.

Suitable thermoplastic resins for the compositions of the invention are for example

polycarbonates or blends of other thermoplastic polymers with polycarbonates.

Polycarbonates.

As used herein, the term “polycarbonate “ includes polymers having structural units

of the formula (I):

0

—R‘—-O—”——o——- (D

in which at least about 60 percent of the total number of R! groups are aromatic
organic radicals and the balance thereof are aliphatic, alicyclic, or aromatic radicals.
Preferably, R' is an aromatic organic radical and, more preferably, a radical of the

formula (I1):



formula (11): 5 WD 03/102111 PCT/US03/15135 A -Y' -A2- (I1) wherein each of
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cyclohexylidene or isopropylidene.

Polycarbonates can be produced by the reaction of dihydroxy compounds in which
only one atom separates A' and A%, As used herein, the term “dihydroxy compound”

includes, for example, bisphenol compounds having general formula (I1I) as follows:

(R, (R%),

\ /" \/

(1I0)

wherein R? and R® each independently represent hydrogen, a halogen atom, or a
monovalent hydrocarbon group ; p and q are each independently integers from 0 to 4;

and X represents one of the groups of formula (IV):

R¢ R

| I
-_—C— or —C—

l,

R (Iv)

wherein R® and R? each independently represent a hydrogen atom or a monovalent

linear or cyclic hydrocarbon group, and R® is a divalent hydrocarbon group.



wherein Rc and Rd each i ndependently represent a hydrogen atomor a
nonoval ent |inear or cyclic hydrocarbon group, and Re is a dival ent
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It is also possible to employ polycarbonates resulting from the polymerization of two
or more different dihydric phenols or a copolymer of a dihydric phenol with a glycol
or with a hydroxy- or acid-terminated polyester or with a dibasic acid or with a
hydroxy acid or with an aliphatic diacid in the event a carbonate copolymer rather
than a homopolymer is desired for use. Generally, useful aliphatic diacids have about

2 to about 40 carbons. A preferred aliphatic diacid is dodecandioic acid.

Suitable polymers that may be incorporated in the compositions of the invention
comprising polycarbonate resins are for example silicone polycarbonate block

copolymers and cycloaliphatic polyester resins.

Suitable silicone polycarbonate block copolymers have from about 0.5% to about
80% by weight of chemically combined polydiorganosiloxane units with an average
block length of about 10 to about 100 chemically combined diorganosiloxy units.

They can be prepared such as described for example in US-A-5,530,083.

Suitable cycloaliphatic polyester resins are the resins comprising the reaction product

of an aliphatic C,-C diol or chemical equivalent and a Ce-C); aliphatic diacid or
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\é\hg_nt adpPosp OII:]_ESﬁent Ol‘b fl uorescent nol ecul e absorbs light, electrons are
Xcite o a higher vibrational energy state..The.nolecul e then | i
excess of Thd bﬁ@ﬂqsolﬁaldedef?%.rctjythf)f‘)&i’loﬁlggil%ﬁg theh dPVeREYH AL pfé?fgﬁ%r;%;scggﬁigfs: E)?]s
aﬂ_d fall Sffug{e}t%pe%cle Q}Q@g)f‘osp\ﬁbgg&tnhQQﬁl verf ¥gtil®phbhtindrar it a gxtdchRdsallat e. From
this | evel, e nol'ecule’can return to any of the vibrational |evels of

t he grounthst edctr whigh tat subgrandesabsoubis gydiption dlea tentain gfavelength and re-emits

photons of different wavelength. Typically, the emission of phosphorescence takes

place in more than 10* seconds (and may last for minutes or hours) while
fluorescence is an extremely brief phenomenon lasting between 10 and 10™ seconds.
When a phosphorescent or fluorescent molecule absorbs light, electrons are excited to
a higher vibrational energy state. The molecule then loses its excess of vibrational
energy by collisions and internal energy conversions and falls to the lowest
vibrational level of the first excited state. From this level, the molecule can return to
any of the vibrational levels of the ground state, emitting its energy in the form of

fluorescence.

Long afterglow phosphorescent pigments typically absorb light between 200 and 450
nm. As a result, the light source having the most important UV contribution will be
the most efficient to activate the phosphorescent formulations. Iluminant D65
(6500K light source) is an excellent reproduction of daylight including the UV range.
After ten minutes of D65 illumination in a MacBeth light booth, the color chips
molded from the thermoplastic resin composition of the invention exhibit a strong

initial glow that decreases exponentially over several hours. It is noteworthy that wit
8



fl uorescence. Long aftergl ow phosphorescent pignments typically absorb |ight
between 200 and 450 nm As a result, the light source having the nost

i mport antwOM3aaetyi bution will be the nost efficient to ZCTivsay/esishe
phosphorescent fornulations. Illumnant D65 (6500K |ight source) is an
excel l ent reproduction of daylight including the UV range. After ten

m nutes of., are'n][ hf’%ﬁﬁ]ﬁdeﬂprésﬁl & BRI JritBRtinRAGHA, the Reni&dOmagbeps
nol ded from the thernoplastic resin conposition of the invention exhibit a
strong i notideablygtrongdrumt thel edgeeatstbs chipgenarseitld polyenyeonatreacsy 282 WoVE-s. It is

noteworthy that wit .8 WO, 03/102111 S03/ 15135 ..t ranspar ent

transl uc eBYide Ry CrEd g t‘?déﬁsg?‘b‘zi’ Fﬁ?@iﬁ%ﬁ&% éﬁw Ffst %@sg%r} lgngerﬁsg{?gbe

noti ceabl ¥ @hEANAaEmAof B&igHB& 08 #NHoGRIfBr BosaNsehd Ralipaloncar feamt e act s
as a wave- guide thus creating an "edge gl ow' effect. The edge gl ow effect

adds an i fitaturesin mglded paxsmtThelaniaunt of edgecglowedieghcapdreaidecertbyaddsieg f or
P owhEr B BB Bl Ry oA e By TRER P e SRR ©

edge g!omP _ d I'tion 0 t scattering ‘agent
which is typi&ald, Yor-tefdolt. TIRY sdattbitLdgd® willt hdtadhly Malteake gart glawnaoexi de, or
teflon. The scattering agent will not only make the part gl ow nore

holm)ge Befhsmgmeonﬂlgmt nightt bat 8o (give mase @osBRIitIEs 17 teEy Phcqlaraliitys

col orabi | it ) i .. CQlors ke ue, I oGr.ean Lol ight red
and or angg)ryg%\?gr%%gﬁke %glfeaiyneqelébvar%?ﬁj’ndgfsl%lleeﬁ@ﬁver egragl?e%rg}e{g%f ﬁaEcvoel i(%érzeglnt S,

exhi bit aocBlapwdpadf espente psésthteas! @loralxef dxdibit dalow werfanatéecrimilaoer

cont ai ni ng the scattering agent. It nust be noted that sonme phosphorescent
pi gment s @sfteribancformelaiingy ROtgeRtaipiREde SRAUEINE AEHY- source wi t hout UV ener gy.
These pignents are indeed quickly activated by indoor light |ike cool

white fl u?{ﬁﬁ&?%trr(%t%(ﬂt:ﬂﬁt so-ﬁti%ag}rl(i% ﬁo&sd%ﬁﬁ;@%fr{eﬁé c%ﬁige@maagmmmateawa in

conbi nation 'w scatt g agents like titanium di'oxide and ot her
col or ant s lighnstires withpat {B\tenengyl iThete pignehtst fresindeqde quigklypicgivelsd Py s in

formul atign ontainin stabilizer cause the stabilizer s ens the
W ener gy l%fﬁ’@r Elﬁgtr@ eo‘foé’? Whggt_gsf{uﬁfﬁsc%ﬂ%ﬁﬁaf' S@ﬁélarep?w BE] %?@%%%%Cﬁmﬁ?tg%eﬁ} s to be
qui ckly ande£hif icoh®iakivn aGfh Mahedcattering agents like titanium dioxide and other
colorants. Another important application of these special pigments is in formulations
containing UV stabilizers because the stabilizer screens the UV energy and therefore

does not allow usual phosphorescent pigments to be quickly and efficiently activated.

The chemical structure of suitable phosphorescent pigments with an aluminate matrix
have been described in the above mentioned patents, in particular in US 5,424,006. It
is preferred to use phosphorescent pigments which have been doped with Europium

and even more preferably with Europium and at least one co-dopant.

They are commercially available in different particles sizes from Nemoto & Co and

Honeywell.

The preferred phosphorescent pigments as used in the thermoplastic compositions of
this invention should have a median particle size of less than ten (10) micrometer. The
median particle size is sometimes indicated as D50-value. It can be measured with a
commonly known laser diffraction method, more accurately called low angle light

scattering (LALLS). A general description of this method can be found for example in
9



The chem cal structure of suitable phosphorescent pignments with an

alum nate nmatrix have been described in the above nentioned patents, in

particul awoiow1us16, 424, 006. It is preferred to use phospmdtrmﬁrﬁlsipi gnent s

whi ch have been doped wi th Europium and even nore preferably w th Europium

gg(rjt ?E:I Leasit onef co-dopant. They are commercially available in different
rom . | Jarti izBr

phosphor 3%@&?@81 %ﬁlg\rﬁhlglq%égbogﬁgggﬁaﬁ@%ﬂeﬁgﬂggﬁggaglscg?glzg o%%%lgiirs?% olnasserof this

i nventi oniffhewdd have a nmedian particle size of less than ten (10)

m cronmeter. The nmnedian particle size is sonetines indicated as D50-val ue.

It can be nmeasured with.a conmmnl own |l aser diff i
accur at e!QL@aﬂ_HMMQ%I—@mPP%h OTEgN G QP——%@E‘?—P@%@“QI > '(LALLS§ ?C:[AI Sgnrerfglh()d’ e
description of this nethod can be found for exanple in 9 WO 03/102111

PCT/ USO3/ ﬁélc%ﬁlgoL@Qnsl 3BA. inPerieW thilt @Ralse qOAhersidaniies dike ehtrbiivgntso
particle size analysis by laser diffraction. Qther conponents of the
conposi tlr?asisi xﬁfeasdﬁegémsaeﬂmhorrﬁtaﬂdi@g CERRBS PY ABNCOFTOIRAtION; dy ENCTASE fhy
conprise further additives like antis-oxi : d : ertd;

ret ar di _ngacﬁ’ﬁﬁﬁttée, T LA eﬁﬁilﬁggiuggelgéhgg{%?gﬁg@ oStBlg!:lﬁié}E'vg i?ﬁéelg(zésrlrgge
aest het i ;polsggié HREGpSta dchitdineandnidVikettamiitinzdioside in thescaamsitioppgi bl e t o
incorporate scattering agents |ike titaniumdioxide in the conpositions of
t he i nventhe orvent@j.ect s nade out of the conpositions of the invention.

bj ects made out of the conpositions of the invention can be used for

| nstance, o} .1, PRk LGAL ROSoAHGRIGR JPURl Measioaqul prent, computers and

peri pher T _ rcs, terecom (cell phones, personal data

assistants, wireless devices), in the autonotive industry (knobs

dashboar debjeetd mefel @ty compdsitiedsned teibemngiontven bghissd day nsEBHerRi es of

pol ycarbonate are needed and a %I oW i n-the-dark erfdf %‘e\}' heSals deshduag, f or

aest het i cAliFHEEEsSUCAN Y RIS FARRTCEh (Bt Be™ih Poptical” mad{lua and
electronics, telecom (cell phones, personal data assistants, wireless devices), in the

automotive industry (knobs, dashboards and reflectors), and helmets where the
physical properties of polycarbonate are needed and a glow-in-the-dark effect is
desired for aesthetic purposes. Another application would be in optical media and
especially the non-information side (disk half that is not traversed by the reading

laser) of optical disks like DVD-5 and DVD-9.

Objects also include signs such as EXIT signs or other luminescent displays formed

by extrusion or injection molding.

Processes for preparation of the compositions of the invention.

The phosphorescent pigment is coated using at least one type of silicone oil and in a
most preferred embodiment of this invention two different oils. The silicone oils are
polysiloxane polymers that could bear functional groups such as - but not limited to -
alkyl, alkoxy, alcohol, allyl, vinyl, or alcoyl. Most common examples of silicone oils
are polymethylhydrosiloxane, and polydimethylsiloxane, polymethylethylsiloxane,
etc... In a preferred embodiment, the phosphorescent pigment will be coated using, as

a first coating agent, a polymethylhydrosiloxane (commercially sold by GE Silicones

10



especially the non-information side (disk half that is not traversed by the
reading laser) of optical disks like DVD-5 and DVD-9. Objects also include
si gns sucWoas/1@XTT signs or other |unminescent displays foregdisobysiextrusion
or injection nmolding. Processes for preparation of the conpositions of the
i nvention. The phosphorescent pignment is coated using at | east one type of

silicone oil.: i Na : i t L Stol théepitod t
G 1 or ent g T4 0Mhel E pF BBl e R R e Srer s P at coul d
g legg hf :Jnc‘sh{flﬁlébfﬁy W@b&}&@lﬁmfﬁnd%ivesbmtefﬁm’tntlp'rorﬁettmil. towevet, e presenRo Y |
ol, allyl, vinyl, or alcoyl., Mst. co I il i
arfa pol Krvéltqﬁlweﬁy@ir]ésbqnéﬁdﬁ@?a%%dhﬁﬁr@@?ﬁﬂn@&gﬁ)%g}én? agéregétésl' g ! 'S
pol yret hyl et 1!il A CiesirIE - 4 r(ﬁeg.g@mozeﬂﬁ{gt i
phosphor & ree% e%iaé%ln? v?nS]IrT% gebeg%astee%eﬁsi %g,légs a f?érst cggitbihﬁns g(i:]ent, a
pol ynet hyhfydicosid ouesimp(ic canse mdimbing ofghd pigmedE tigis| malgng ghe usg 93/ 102111
PCT/ US03/ 15135 as DF-104 )T The pol%met hyl h drgsillc%ea@gt %q RomeLg
ef f ect i vapsgiery ‘tehﬁ_éufbﬁ’r@ﬁ%‘ﬁi' & BY9d SEPSYRS o S€OPG PLIC8h aani(:i1 glsvgél an
ef ficient, prateqs EQ\F&; ?rhip-\e@&ﬁf  poP&tiBd 8 SREleaDmakeiNhedotrall Satitg homels
i ncreases the probability of formation of aggregat es. These a gr%gat es are

not ;:Iesit refiteimeceuse pohelimetylsdpeatedcenmsrabusaid byr@hSehonphas D

manuf acturing or sinply cause.a |lunping of.th |- apent '

ot U, bR ket P R et TRl S5 SRR of P R g e uoe
coating ig.applied. In order to have anti-dusting properties as well as
make the overall coating nore water inpervious, polydinmethylsiloxane
(conmmercially sold by GE Silicones as DF- 581) .is a preferred.second

si | i cone Demmiding, onihi prodess abmpdying theonliqang copting dhe eﬂgfnce&%éﬁhilﬁ‘gt?‘e

E‘SEER:E Eéﬁf’iig c%gﬁﬁéé’sﬁ%éfapﬁézcﬁ B o s S eyt has
the coatings. blewieg Iﬁﬁegﬂf&hgﬁiﬁ%ﬁmﬂuw tpltaﬁpb/ e cgqmgmﬁlns prefergbledot o appl y
t hen fol | engdd tlwpqlm@inﬁélpxlﬁgxaw I@ﬁﬁrtg%p*%lfﬁ’ﬁg _b%/otlhg ﬂo%%eqyylﬁ%rgéﬁ)@(%né.' r ?t

The better coating efficiency in this case has been shown by the floatability of the

pigment in water, which indicates that the pigment is more protected thus forming a

material less likely to react with the resin during compounding.

The amount of silicone oil used for the coating depends on the efficiency of the
application process. A traditional wet blending method has proven very inefficient
and creates variability in the final coating. In other words, some pigments will be
over-coated while others will not be coated at all. The preferred application method is
a spraying of the silicon oil and in a most preferred embodiment, a spraying of the oil
in a fluidized bed reactor. For optimum performance of the pigment, the total amount
of silicone oil should be between 0.05 and 20 weight percent, with 0.1 to 10%
preferred and 0.5 to 5% even more preferred. When two silicone coatings are used,
such as polymethylhydrosiloxane and polydimethylsiloxane, the total amount should
still be between 0.05 and 20 weight percent, with 0.1 to 10% preferred and 0.5 to 5%
even more preferred. However, the split ratio between the two oils can be between

1:99 to 99:1 depending on the type of protection being sought. In a most preferred
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The better coating efficiency in this case has been shown by the
floatability of the pignment in water, which indicates that the pignent is
nore protwoteadoxihus forming a naterial less likely to re&ct/usos/bsishe resin
during conpounding. The anpunt of silicone oil used for the coating depends
on the efficiency of the application process. A traditional wet blending

met hod has .prove ery._i.neff.ici n vayor ol dik tital Ri final
Coat i ng. THOGEHGR. 15 M5 "Galel sl R sk b el AR ars
will not bgtempated at all. The preferred application method is a spraying
of the silicon oil and in a nost preferred enbodi nent, a spraying of the

oil in a fluidized bed reactor. Egr;] pti erf ormance of theoﬁliegment,

the total Thndingt cogtedsimigrdhe cd It G dSBD BorRbEHOg 08 Shd™30 o ght
percent, b0 Qas%ictr&ir}%%nupaftﬁh.ebﬁﬁgg Atk Busioh PrR¥eS R AR Sigh&fteani ed. When

two silicone %Doatl ngs are use such as pol ynet hyl hydr osi | oxane and
pol ydi netiyidiet apsmeam bhdotvottemansnme sslda¢der. Bhd pigmsat ¢t heerdiled 105 and 20

wei ght percent, with 0.1 to 10% f d and 0,5..
pr ef er r edthe peslicajene o blgndgg Wi Fé)é rl%’“%%ﬁ%eeﬁg]%%d 151\5086%?1 ?%uggﬁq%gg tgl? ween

1:99 to 99, i G0 thbeodtyPBiAenky @inefltd B8 abiddiretlygbta blemleaa nost
pr ef erredl%o%lﬁ%ﬁgwp?oflil PCQI'/ Usgl§?{165135 ’ enbodiarrentj@irt hggfi rst coating

r epr esent sdamidedasith mbimurovERY% bis welbkpovmto tiops skited incthe ag that thelater| ng)

coated pignent can then be u in_polycarho - r :

t her nopl a ‘E]PIBq‘r‘ee@inr‘i’tBEﬁ’??ﬂTtéPﬁ%ﬂ? tcbﬁ'l‘ﬁlllen‘)gé %%t?g c@%&%ﬁ@%l%twrcg%@ggef 'e°coat ed
pi gment  cafrshe HEERd. HBRET@aRAdvERMRS bf BRMoatidnggaest ilethfsemses, thehe

pi gment can be added to the nelt alone or blended with yesi awder for

easi ertadcﬁduttb?n OWélteW@ngilthi hetweenniie abrsiverrigmept @ideihe ¥pliSrYdBE TXMEe coat ed
i gnents can d i : - - -
o can A a0 R R Ao pado s

powder . Int art that the later

t echni quepjishtBOShdspigoreRshessui t abl e to achi eve good col or consistency during
the entire “extrusion process. However, the advantage of the coated pignment

inthis case is the reducti f L i
and t he walfies egitusiore apst )ppﬂalizggorg thcta r126(?sir(1: %Qﬁ %gtrrslolgeecq \{\rlﬁg rf)a}’tp Gn& %;(ﬁl%hg% pi grment

significantly cleaner appearance and a brighter glow compared to non-coated pigment
of the same size. The cleaner appearance can be measured using the color coordinates
(CIELAB system) and more specifically L* which relates to lightness and darkness.
The glow performance of the obtained phosphorescent plastic part (e.g. color chip)
can be measured using a luminance meter attached to a fixture that isolates the sample
from ambient light. As shown in example I below, a formulation containing about 5%
silicone-coated phosphorescent pigment yields a plastic part that is more than 6 OL*
units lighter (i.e. less dark) when measured in reflectance using a spectrophotometer.
In terms of glow, a 5.08 cm x 7.62 cm chip with a thickness of 2.54 mm molded with
the coated pigment as described in example I will exhibit a glow about 30% brighter

than the formulation made with non-coated pigment after 200 second.

In conclusion, when a rare earth aluminate phosphorescent pigment is coated
according to our invention, significant improvements in visual appearance as well as
in glow performance of a molded part are achieved. Due to the exponential nature of

the phosphorescence decay, a result of a brighter glow is that the plastic part will be
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el enments, which reduces the grayness issues in the final product and
therefore leads to brighter phosphorescence. After extrusion and

pel | eti zawD®a/1021he resin can be nolded into parts and exhiPOTtE0315135
significantly cl eaner appearance and a brighter gl ow conpared to non-coated
pi gnent of the sane size. The cl eaner appearance can be neasured using the

col or coordinate | S : ik d tieh ihel ates
Fo 11 ght ne b e S R e R oL e

phosphor esgant agpliasidng fRhtas( Binginewattotruhirglpasechandirs o axitirsgnsuditag a

| um nance neter attached to a fixture thg% isa%gﬁﬁi the]ﬁaane 1&5 m

anbi ent | PQRROSItINSSHoWE PFESEXaHYFRIM 5817 o, T 4% | VB EEh A %g about
5% silicgne: : ' | e By Rhj8&idrCmpRiing, bigat i s
nor e thanggsﬁﬁggﬁﬁﬁﬂﬁ$gé1lg ﬁ%%ﬁgﬁfgwgﬁgggogggfgﬁmhgnJneasured_ﬁ%.b

r ef | ect ansRwisbhiingasbey fitmjshet exteosion. Mdsh prefemes] isfthgymeldingbpimectiom x 7. 62
cmchip with a thickness of 2.54 mMm nolded with the coated pignent as
descri bedMoMiB&anple | will exhibit a gl ow about 30% brighter than the
formul ati on made wi th non-coated pignment after 200 second. In conclusion,
when a ragp& @apt psal um nate phosphorescent pigment is coated according to
our invention, significant inprovenents in visual appearance as well as in
gl ow performance of a nolded part are achjeved. to the ﬁ)ég}onenti al

e,
nature of Alt hempiepplerseheresret aerspls ¥sqdedyfhe B%%é“%% iCGHTRIS i3S 4% t hat
the plasti art w l.l be . : / LSl t he
hunan eyea]fcugﬁn {€ 1 BHGEr A 5?8%%%}{2& glﬁz%%ﬁ']l}%llng%qgg%i%ﬁgﬁge éfr{ ?t'éﬁi ilgfie%ng
saf ety appllb&ad fofscassian, &fontium agiseeintm.t runk rel ease handl es or exit
signs. The conpositions of the present invention can be nol ded by
conventional nolding processes into objects. The preferred nol ding
processes 13injection nol di ng, by blow nolding and by fil nfsheet
extrusion. Most preferred is the nolding by injection nolding. EXAMPLES

Al Lum nqy 3, PRISRMRICESEE b BB Sw Yffhulafioh NEB)f aldopumargiaktxangilabte have an
long afterglow phosphorescent pigment with a large particle size has been used i.e.
Luminova G300M (median particle size of about 20 pm). The phosphorescent
pigment has been coated according to this invention with a dual coating of
polymethylhydrosiloxane and polydimethylsiloxane (respectively GE Silicones DF-
1040 and DF-581). Each oil was added to the pigment at an amount of 5% per weight
of pigment and dispersed using a high-speed mixer. The coated pigment has been
blended with poly(bisphenol-A carbonate) resin powder with an average molecular
weight (Mw) of 29,900 at a 1:1 ratio. The resin/pigment blend was then fed to the
extruder using a downstream feeder ("side stuffer") to limit the contact between the
pigment and the screw/barrel. High flow polycarbonate resin was fed through the feed
throat of the extruder at the same time at a ratio of 10:1 in order to achieve a 5 weight
percent loading of pigment in the extruded product. Extrusion was performed at a
melt temperature of 290°C and the resin strands were pelletized after cool down in a

water bath.

In Formulation 1A, the same pigment was used but not coated according to the

invention. Extrusion conditions remained the same in order to obtain a 5 weight
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alurinate matri x expressed by MA1204 in which Mis at |east one netal

el ement selected fromcalcium strontiumand barium Exanple 1. In the
formul at iwo odasxni bed herebel ow (formul ati on 1B), a conmelPciraishy1:asai | abl e
| ong aftergl ow phosphorescent pignent with a large particle size has been
used i.e. Lum nova G300M (nedian particle size of about 20 m). The

phosphor est r 0§ chnveebican wWith a
dual coat¥ %ger}% oall I%wé}ﬁ Pg&%ﬁ?@%ﬁggﬁ% gléﬂ’g C%ugrseit-( hyl (s:r I oxaneC
(respECtlt%&Jkyies@E2Sn|rnm§)mﬁe ﬁE}deam‘daOeaahd‘oxmﬁﬂm Cmmlmsl(cﬁﬁéab@d@@ to the
pi gment at an anmount of 5% er wer drs e d using a

hi gh- speetPafg)XBere MEASUIEE Hethe ﬁtreﬂqg nﬁgéﬁ%bqt &ﬂ lsing s

pol y(bis MAED Mlld?nﬁﬁhtéh‘{lﬁral@ed espdber. wei ght
(Mw) of glgﬁg%%[hﬁoggl&% 2}19{‘)%?%39?%. n/6p| grrelnt bl er?d mdsgﬂiehen ferd to the

ext ruder Tisé grlgwapedﬁnmsmcreeﬁrthd wadformplagipgewss nrlfea%lrﬁ'@ using $ Minelta he-188nt act

bet ween t he ment and he scre barr h flow. resin
was fed t]ﬁWBH’&Hg‘ft rrértﬁrfeecalp F%4t°¢ W€° %deg%Hh‘%é Ve“P %%%ﬁeal?ﬁ P%ee[o

ratio of %1 rferd Wltﬁrtﬁi@ﬁ]eﬁs(ﬁréﬁéﬂtem% @18 MpsqB108 PEBL et/ thRkAERQ. fmfmm)grrent in
t he extruded product. Extrusion was perforned at a nelt tenperature of

290C and whe presibns!g plagadim ﬂrrerderkpf@lr Qéthnozrasdo driledisglysge %moﬁﬁh%‘i“%t er

bath. In Formulation 1 A S

accor di ngp‘ﬁﬁleflh t[hF%\Y’@ﬁ‘f F‘b]??eq‘i?%ﬁr’fsg% con I?%e#s& hg@’t %ﬂ@t %the sarre in
order to Ql@én@it?) FoP 1weintiftes 1id M3Bét®2S%&ctﬁﬁ@hﬂSﬂS/]@ﬁﬂ.%othpandethE | oadi ng
of pignent in the pelletized material. Color _chips (5 08 cmx 7.6

cm
t hi cknessph@pBaresasjcavdeeyndies sacaswied sging fhsy M}P%ltt% é‘Hmn@B?eane\Fél 1t‘}eﬁ’e( ClE Lab
col or space (#('ilz 5% sured on the chips in reflectance node (white tile
backi ng) V) 8 eth 7000A spectrophotoneter under a D65 ill um nant
and a 10 degree observer. The gl ow performance of the two fornul ati ons was
measur ed Uuspdigcagbdateatiia cuipddon (uni wasnoeparet ey medogl ed to a custoni zed
dark box preventing external light to

100 parts of poly(bisphenol-A carbonate) with an average molecular weight (My) of
21,900

0.06 parts of tris(2,4-di-tert-butylphenyl) phosphite

0.27 parts of pentaerythritol tetrastearate

5 parts of Luminova G300M used as received from the supplier
A polycarbonate resin composition (1B) was prepared by mixing:

100 parts of poly(bisphenol-A carbonate) with an average molecular weight Myw) of
21,900

0.06 parts of tris(2,4-di-tert-butylphenyl) phosphite

0.27 parts of pentaerythritol tetrastearate
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interfere with the neasurenent. The color chips (5.08 x 7.62 cm/ thickness
2.54 mm were previously placed in the dark for 24 hours to fully

di schar gewOlg/1ghosphor escent  pi gnments. They were subsequertluso®xjsesed to
simul ated daylight (D65 at 1000 lux intensity) for 15 mnutes in a MacBeth
Spectralight 111 light booth and the phosphorescence decay was neasured

using the r?g@m'&fiuhﬁﬂaﬁa@mm%&&noﬂsm L8ged &%Itdmg #afe iﬂvéhﬂﬂér?wnﬁ\ 5% of

pol ycar bo e resin conpositi was prepared by m xing: 100 parts of
rz)ol y( bi spf(ﬁl(Shho@ncsaﬂfahatOeanbymdhhydhyWQMQm)rﬂmldei%IC&rGﬁ\ﬁﬁlgmneﬁ HA%)-S B

1,900 0.06 f.tris(2,4-di-tert-butyl phenyl) phosphite 0.27 parts of
pent aer yt HP‘P]gg eﬁ@g?lg&a@ér ate 5 parts of Lum nova CBOOMpused as recgi ved
fromthe supplier A polycarbonate resin conposition (1B) was prepared by
m xi ng:  10ghePpiSchrdin@ey GhE SRNERN péfeaidaed ateeunbiizedninaysslage Axod ecul ar
wei ght (MN of 21,900 0.06 parts OF tris(2,4-di-tert-butyl phenyl)

phosphi t e TeDIDA tharcpating pivsersaiesgrittediin dhlstlé‘fqﬁé}@tle‘élﬁ dags haveyy %@ﬁefdz 111

PCT/ US03/ 1513 rtS,. 0 ) [ 6 to
the i nvent ol WEPRESGTp Lotk PR B A K St E P b RPLAARIP D, o)
and 5% of tkEdSkl incaneswEids,58Hen thpebattigedbysh dedceibad) thisTineertands used,

coordi nates and the gl ow erformance are summarized in Table 1. As a

resul t of thaparedaek ﬁ@t Cﬂﬂbélé%@f@éfs@ﬁy Blsg cxhibithrghier ROSPIOISSCENRE parts have a
greater L* value (lightness of the color) under daylight as well as al npbst
S50% nore | ggyngnce in the dark. In other words, when the coating process
described Tmthis invention is used, the parts |ook not only cleaner but
they also _exhibit brighter phosphorescence. Table 1:

Properties Formulation 1A Formulation 1B
CIELAB (Reflect./ D65 / 10°) L* 69.70 76.22
CIELAB (Reflect./ D65 / 10°) a* -1.25 -4.14
CIELAB (Reflect./ D65 / 10°) b* 11.81 12.84
Luminance after 100 seconds (mCd/m?) 130 193
Luminance after 200 seconds (mCd/m?) 75 110
Example 2

In the formulations described herebelow, a commercially available long afterglow
phosphorescent pigment with a relatively small particle size has been used i.e.
Luminova GLL300FFS (median particle size of about 2 microns, maximum particle
size of about 6 microns). In the case of formulations 2B and 2C, the phosphorescent
pigment has been coated according to this invention with a dual coating of
polymethylhydrosiloxane and polydimethylsiloxane (respectively GE Silicones DF-
1040 and DF-581) with the polydimethylsiloxane applied first. Each oil was added to
the pigment at an amount of 1% (formulation 2B) or 2% (formulation 2C) per weight
of pigment and dispersed using a mechanical blender. In the case of formulation 2A,
the pigment was used as received. The pigment was then tumble blended with
poly(bisphenol-A carbonate) resin powder with an average molecular weight (Mw) of
29,900, a phosphite stabilizer and a mold release agent. The resin composition was

then fed through the feed throat of a single screw extruder. Extrusion was performed
15



Properties Fornulation 1A Formulation 1B ClELAB (Reflect./ D65 / 10) L*
69.70 76.22 CIELAB (Reflect./ D65 / 10) a* -1.25 -4.14 ClIELAB (Reflect./
D65 / 10)wb03ad218d 12.84 Lum nance after 100 seconds (nCaCrRA)SOYBA33193

Lum nance after 200 seconds (nCd/nR) 75 110 Exanple 2 In the formulations
descri bed herebelow, a commercially available | ong aftergl ow

phosphor esg %%elp't%%tm\@ dfpgaecehathy gl RES weal pdiktiBeBifke Bbasddmen used
i.e. Lumnova GL300FFS (nedian particle size of ‘about 2 m crons, maxinmm

particle igiapeatefbafibout 6 nmicrons). In the case of fornulations 2B and 2C,
t he phosphorescent pignent has been coated according to this invention

{h opact e B Rl 22 W BN 83 RSB AF B YAL (R ane
pol ydi net hykgiv@x angdapk iegth formstatiokaudblt Gioky Wasacksitess felt vhlempirgepnt at

an anount of 1% (fornulation 2B) or 2% (fornulation 2C) per weight _of

pi gnent  anderdiasparesbarcoading ta Avd M A28 longran deHets affex haniptics (VR 06)
formul ati op ;2A, . j ej i hen
tunbl e bl cida RS GLPTC SRl iE AadPEsh e o B8 AURRE Bk oL

aver age noiM¢RIpart).wei ght (My) of 29,900, a phosphite stabilizer and a nold
rel ease agent. The resin conposition was then fed through the feed throat

of a single screg extruder. Extru%égg was performed. 15 WO 03/102111
PCT/ US03/ 1% Palycarhpnaje fesin CQrappsaion; V&p PEOOEIDNIURE r esi n strands were
pelletized after cool dowmm in a water bath. Color chips (5.08 x 7.62 cm/

thickness g@yoyhAHf p%fy(m#ﬁen@m @sbord) kit Mpa@éaﬁ% h3ReulaP¥efht ym? ofol ded
Me I ne e

for each fornmul ation. t flow characCteristics |t vol une rat wer e
anal yzed at%¥Hdi ng to ASTM D1238 on resin pellets after 6 mnutes (M/R 6)
and 18 mnutes (MVR 18) of dwell tinme at 300C, as well as on nol ded col or

chi ps 0.06 parts of tris(2,4-di-tert-butylphenyl) phosphite
0.27 parts of pentaerythritol tetrastearate
6 parts of Luminova GLL-300FFS was used as received from the supplier
A polycarbonate resin composition (2B) was prepared by mixing:

100 parts of poly(bisphenol-A carbonate) with an average molecular weight (Mw) of
29,900

0.06 parts of tris(2,4-di-tert-butylphenyl) phosphite
0.27 parts of pentaerythritol tetrastearate

6 parts of Luminova GLL-300FFS previously coated according to the invention with
successively 1% of GE Silicones DF-581 (polydimethylsiloxane) and 1% of GE
Silicones DF-1040 (polymethylhydrosiloxane).

A polycarbonate resin composition (2C) was prepared by mixing:

100 parts of poly(bisphenol-A carbonate) with an average molecular weight (Mw) of

29,900
16



(MVR part). A polycarbonate resin conposition (2A) was prepared by m xi ng:
100 parts of pol y(bi sphenol-A carbonate) wth an average nol ecul ar wei ght
(Mv) of W0,080@Q101 06 parts of tris(2,4-di-tert-butyl phenylPCTaiisoypiBie 0.27
parts of pentaerythritol tetrastearate 6 parts of Lum nova G.L-300FFS was
used as received fromthe supplier A polycarbonate resin conposition (2B)

was preparggk ﬁ%ﬁsrgfylggél &Q%mg%?ﬁleggl)gﬁb%ﬁbsphenol A carbonate) with an

aver age nol ecul ar wei ght 00°0.06 parts of
tris(2,4-di-tert-butyl phenyl) phosphite 0.27 parts of pentaerythritol

t et r ast ear®depBtspdipestaefythriol tawaséeaGite - 300FFS previ ously coated according to
the invention with successively 1% of GE Silicones DF-581

(pol ydi ne |I xane +dif

(pol et myt i s PORHERL R ATriShid EOREE(Pord et e mvenvive i
prepared hyicddsxelg: 2%0@f oE SficohepDIFYASI spdipdinlettA] Gk b adnd) 2% bh Gih
aver age nol ecul ar wei (My) of 29,900 16 WO 03/102111 PCT/ US03/ 15135

0. 06 part sSibgones PECH0 (HPLYﬂ@ﬁhyﬂﬁiil@%llﬁH@‘r??I) phosphite 0.27 parts of

pentaerythritol tetrastearate 6 parts of Lum nova G.L- 300FFS previously

coat ed ac i | . KV 204 of kb igones
D551 ( pol il i o s HRric e EILs 88 W B (SRR BN (R et (6
(pol ymet hydulmyahrizsd IuoSfahsie)Z Wiiea the boatingquochadectibed 5t thssinestieelil usesl, t he

\oLched |20 etk SEAShencs e ST asd LD, Toble B, MR Ll coat o
resin comagid HORSsHiR BBy NS 18 iSTURB RAEWSfny B BEdRhichll Yroperties are
significantly improved with the coated pigments. Molded objects would be
completely brittle at room temperature without coating on the pigment whereas they
exhibit full ductility and notched Izod impact resistance comparable to non-pigmented
polycarbonate when the silicone coating process is used. This can be attributed to the
fact that the non coated pigment shifted the nominal melt volume rate of the resin
from about 7 to about 70 ¢cm®/10 minutes. This shift is usually an indication of the

degradation of the polycarbonate chains which leads to loss of physical properties.
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(rnelt flow shift below 5% . It is also noteworthy that nechanical
properties are significantly inproved with the coated pignents. Ml ded

obj ect s vwolod/1m11 conpl etely brittle at room tenperature WCrhsoy1saesti ng on
t he pignment whereas they exhibit full ductility and notched Izod i npact
resi stance conparabl e to non-pignmented polycarbonate when the silicone
coating process is used. This can be attributed to the fact that the non
coated pignent shifted the nomnal nelt volume rate of the resin from
about 7 to about 70 cnB/10 m nutes. This shift is usually an indication of
the degrddaten of the pol ycarbonate chains which |eads to | oss of

physi cal properties. 17 WO 03/102111 PCT/US03/ 15135 Table 2: Property
Uni t s Metrhed—2A—2B26—N—tzodt+rpact—ft=t+bHinr—2(0% ”éwwg 16 \;)0%
(%ductililty), Poreps" [ J/ nlURSTM D ' 286ethadel | 858h [85012B ( 2 28C N.

| zod | npadN. Iotl Idnpddat n 2(0°/<) %110()% 15 (100% &)9/ uct16l Oy/ J/im
ASTM D 256%fd@6%), 02981 [ 795 % 3] 2A8Ty D TE Nl 7&%0 %@E 2 kgf,
2. 54 cnB/| 192 min), 288TM D 123 %16 63 6.96 6.48| c Rat e,

300C, 1.2 N@gfod Iidp&d cnB l(g gl n ASTM D 1238 _3.§ e 5 n.

Vel t Vol UnedRatie), 0309C, | 1778t , | 2A5TManBH14 m[fl%(;}iST M%ﬁ‘é ob {é;%’]g‘?. 43 6.75
cm part |kt innlaglFPdne Rat e
Melt Volume Rate,
300°C, 1.2 kgf, 2.54 cm?/10 min | ASTM D 1238 66.63 6.96 6.48
cm , 6 min. :
Melt Volume Rate,
300°C, 1.2 kgf, 2.54 em?/10min | ASTM D 1238 73.85 7.03 6.58
cm, 18 min.

Melt Volume Rate,
300°C, 1.2 kgt, 2.54 cm?3/10 min ASTM D1238 68.99 7.43 6.75
cm, part

Melt Volume Rate '
shift (%) between 6 Y% - 10.8 1.0 1.5
and 18 minutes

Example 3

In the formulations described herebelow, a commercially available long afterglow
phosphorescent pigment with a relatively small particle size has been used i.e.
Luminova GLL300FFS (median particle size of about 2 microns, maximum particle
size of about 6 microns). In the case of formulations 3A and 3B, the phosphorescent
pigment has been coated according to this invention with a dual coating of
polymethylhydrosiloxane and polydimethylsiloxane (respectively GE Silicones DF-
1040 and DF-581) with the polydimethylsiloxane applied first. Each oil was added to
the pigment at an amount of 1% (formulation 3A) or 2% (formulation 3B) per weight
of pigment and dispersed using a mechanical blender. The coated pigment was then
tumble blended with poly(bisphenol-A carbonate) resin powder with an average
molecular weight (Mw) of 29,900, a phosphite stabilizer and a mold release agent.

The resin composition was then fed through the feed throat of a single screw extruder.
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shift (% between 6 %- 10.8 1.0 1.5 and 18 m nutes Exanple 3 In the

formul ati ons descri bed herebel ow, a commercially available | ong aftergl ow
phosphor esoeatiopignent with a relatively snmall particle sipze/usayidieen used
i.e. Lumnova G.L300FFS (nedian particle size of about 2 m crons, maxinum
particle size of about 6 mcrons). In the case of formul ations 3A and 3B,

the phosphgresfantas 1&1 BB apﬁfrﬂafﬁe%&ﬁ%ﬁr%dof%@@%hﬂ%é RestNbtPamld@ RIS | On

with a dual coating o pol yme rosi | oxane and pol ydi net hyl si | oxane
(respecti \;ellytlﬂaﬁletmnd)dewnMaMaw@aﬁnd DF-581) with the
pol ydi net hyl si | oxane applied first. Each oil was added to the pignment at

an anount .qf. 1% (fornul at i 3A 2% (.f | at B i f
ot grent - aAeli St BRRCGERHG otk oA bt Ve 5008 i AVAN “va
then tuniphesllended pMieR 4Pek ¥ (RinsREENDIR £) aad PO Agiheles (PSR 1 PPyderel t h an
average - nol ecul ar wei ght (My) of 29,900, a phosphite stabilizer and a nold

rel ease adwng at 309Ae. resin conposition was then fed through the feed throat
of a single screw extruder. 18 WD 03/102111 PCT/US03/15135 Extrusion was

per formed d@g?ﬁcﬁ%hﬁat% eéo?ﬁﬁbrsﬁlo%f(g%?%g% ?%ﬂa%g@ﬁyﬁ‘r?%%%;ﬁ rands were

pelletize er coo vvnlnavva characteristics (nelt
volunme rate) were anal yzed according to ASTM D1238 on resin pellets after
6 m nut es 10MFRrS )of aoty(HiSphenolitemrfdviei) 18)h af avbredel moletuter atigBOQTw) Af

pol ycar boréte resin conposition (3A) was prepared by m xing: 100 parts of
pol y(bi sp nol0- A car bonat e) with an average nol ecul ar wei ght (Mw) of

29,900 0.06 parts of tris(2,4-di-tert-butyl phenyl) phosphite 0.27 parts of

pent aer yt hy ¢d BAﬂSt(ﬁ{tflﬁgMe&[t@.ftﬂ)u%@p]%&h%)hgip}%m nova G.L- 300FFS previously
coated according to the inventi'on w th

0.27 parts of pentaerythritol tetrastearate

30 parts of Luminova GLL-300FFS previously coated according to the invention with
successively 1% of GE Silicones DF-581 (polydimethylsiloxane) and 1% of GE
Silicones DF-1040 (polymethylhydrosiloxane).

A polycarbonate resin composition (3B) was prepared by mixing:

100 parts of poly(bisphenol-A carbonate) with an average molecular weight (M) of
29,900

0.06 parts of tris(2,4-di-tert-butylphenyl) phosphite
0.27 parts of pentaerythritol tetrastearate

6 parts of Luminova GLL-300FFS previously coated according to the invention with
successively 2% of GE Silicones DF-581 (polydimethylsiloxane) and 2% of GE
Silicones DF-1040 (polymethylhydrosiloxane).

The melt flow characteristics (melt volume rates) are summarized in Table 3. When
the coating process described in this invention is used, it appears clearly that the resin

compositions formed have relatively good melt stability for such an extremely high
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successively 1% of CGE Silicones DF-581 (polydi nethylsiloxane) and 1% of GE
Silicones DF-1040 (pol ynethyl hydrosil oxane). A pol ycarbonate resin

conposi tiwp 033@11as prepared by m xing: 100 parts of pol yChitsphenes - A
carbonate) with an average nol ecul ar weight (My) of 29,900 0.06 parts of
tris(2,4-di-tert-butyl phenyl) phosphite 0.27 parts of pentaerythritol
tetrastearat P E i I rding to
the | nvenbEor bRt SRy AR ARG b g PR LS gROR &6 ke

(pol ydi meadeptding exanenmventloR % of pédsiblSid inaka @sryDRatilepigment concentrates

(pol ynet hyl hydr osi | oxane). The |t f] ow characteristj.cs (nmelt vol une
rates) ar énﬁﬁﬁﬁ?h%béhqtfa?a%q é‘sgj‘.adeé to B%tq%ﬂﬁf% 6Lg%éérs "HESET i*Bed i n
this i nveQ)EthRi@fi 'fﬁm%ﬁ*es‘ﬂeetb br @Bpfr'l@f Be ek 88Wh Yo F&at cdRBtdr®$dsth cERPRSdsi Ons
formed have relatively good nelt stability for such an extrenely high 19

WO 03/ 102#¥ith aRCTEUBO3pAGERXENt pigeeionteotdi ng (30% . This illustrates that
when phosphorescent pignents are coated according to this invention, it is

possi bl e {o make very. stabl e pignme concentrates . t hat can
be used ditrrﬁ‘éstt 1% “Pgedftg?tnt?%r‘?o{iﬁ?agé?eqé floyan %rlgo?sn%feé%évﬁ%ﬁglgﬁlﬁ&g\g%fsfi | m or
sheet) or 4eam il HeRvdedt a @O¥Modding OF PiGARRI @kanples ©F and PO BO¥s Wi th
a | ower phosphorescent pignent content. |t nust be noted that the nom nal
mel t f1 owlaaduer(geranples 34 land BBl Vithealy 6% ef non-spatpd gigmenk ArpokycgHionatepet ween
a 6% | oadi ng of pigment (exanples 2B o j ( | es 3A
and 3B). W C%WFV%W) %?S %81&-%2%‘2%“38 r%tf%g%%%ﬁ’tq t@%&ﬁg‘?&ﬁh@ﬁg’t}’@ argsé?egp
conposi ti gipnkasistusB@ht a Y0JUBRIihAt Ehiableatdy ihdidaresshaticgited pidnamtsmest te coat ed
pignent is used at a 30% | oading, This clearly indicates that coated

pi gnent s weasktolsbtainbigh leaslingreamrionnyations dbataegfaindaein PRGHIGAL PERPEBIFE: t hat
retain their physical properties. Table 3: Property Units Method 3A 3B

Table 3:

Property Units Method 3A 3B

Melt Volume Rate,
300°C, 1.2 kgf, 2.54 cm3/10 min ASTM D 1238 8.22 7.28
cm , 6 min.

Melt Volume Rate,
300°C, 1.2 kgf, 2.54 cm3/10 min ASTM D 1238 9.87 8.40
cm, 18 min.

Melt Volume Rate
shift (%) between 6 % - 20.0 154
and 18 minutes
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Melt Vol ume Rate, 300C, 1.2 kgf, 2.54 cnB/10 min ASTM D 1238 8.22 7.28 cm
6 mn MIlt Volure Rate, 300C, 1.2 kgf, 2.54 cnB/10 min ASTM D 1238 9. 87
8.40 cmwod3finil Melt Volune Rate shift (9% between 6 % PC2s03/1463% and
18 m nutes 20 WO 03/102111 PCT/ US03/15135 WHAT IS CLAIMED IS 1. A
tﬂernﬁplastlc conposi tion conprising at |east one thernoplastic resin and a
phosphor ifh an alum nate matri x expressed by MAl, in which
Mis ate§§§££1£hgﬂﬁgﬁgfhilenent sel ected fromthe group consisting of
cal cium strontium and bariumand Al represents an aluninate group,
mer ei nl thte_/spm;ﬁbprags@e@mp?@ﬁ@mﬁpﬂiﬁngmama wne theemeplhstizoresingirid. a2, The
ernmopl astic conposition of claim1 wherein the phosphprescen i.gment is
pr epar ed Wipspharecerigrgna Wit AL glunyipgle Nty %ﬁ’féssﬁglbyjﬁb&s érb%’ﬁlfhc@é? ing with
adiffer eﬂtl?e}ﬁ%ﬁg%t |14 GORGeREed Fom Tlfflaegxtotﬁgrdgﬁ@sﬁ% bE cAGIRO Sirbht@in Of ¢l ai m
ep pi gnent has

2, wherein hosphor escent pi first coating conprising a
hydr ogen- aldkphriwh| axiamg miptesantsl @ skeonade cgratp,nghersomphd éﬂ@hare@@ﬁm;v di al kyl
siloxane oil. 4. The thernppl asti.c conposition of claim2, wherein the

phosphore@é@ﬁﬂt%F@ﬁ@%FMhﬁéQ“émFPPst coating conprising poly dialkyl
sil oxane oil and a second coating conprising a hydrogen-al kyl sil oxane

oi . 5. TheriBerRRLRskd CorfMeRes &f QanOf wieddiinte piSpldrescehiepigmant ing of the
phosphor escent plgnhnt IS present in a quantity of about Oﬁgég?o 209@6by
wei ght Wi piepared by first coating with a first silicone oil and second coating with a different

second silicone oil.

3. The thermoplastic composition of claim 2, wherein the phosphorescent pigment
has a first coating comprising a hydrogen-alkyl siloxane oil and a second coating

comprising a poly dialkyl siloxane oil.

4. The thermoplastic composition of claim 2, wherein the phosphorescent pigment
has a first coating comprising poly dialkyl siloxane oil and a second coating

comprising a hydrogen-alkyl siloxane oil.

5. The thermoplastic composition of claim 1 wherein the coating of the
phosphorescent pigment is present in a quantity of about 0.05 to 20 % by weight with
respect to the phosphorescent pigment.

6. The thermoplastic composition of claim 1 comprising a polycarbonate resin or a

blend of a polycarbonate resin with one or more other different thermoplastic resins.

7. The thermoplastic composition according to claim 1 wherein the aluminate has

been doped with Europium.

8. The thermoplastic composition according to claim 1 wherein the aluminate has

been doped with Europium and at least one co-dopant.

9. The thermoplastic composition according to claim 1 wherein colorants have been
added to provide daylight color.
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respect to the phosphorescent pignment. 6. The thernoplastic conposition of
claim1 conprising a polycarbonate resin or a blend of a pol ycarbonate
resin w twomaaonnl nore ot her different thernoplastic resi PET/US03/T4185

t her mopl asti c conposition according to claim1 wherein the alum nate has
been doped with Europium 8. The thernoplastic conposition according to
claim1l rein.the al um nate h. d9939~ 1 i tofl east
one co- d\éﬁﬁn e g a%ﬁecroﬁ%aﬁflggﬁiogggdgﬂnﬁom £ %)S\rflﬂéa 55%%%5%%%1% 1

wher ei n colLaR@MsSichaue obrems 0adaRpartsthypweghidef thiaphasghorestshbpigment. WO
03/102111 PCT/'US03/ 15135 10. The thernopl astic conposition of claim1l

i si 100 ts b ight of _ th | ast i [ [ 0. 1-40
par s by her gheonseniaie s s Be cuTaghehite DEmplati emiealER el abi o
for the manuf %Ctshﬁheco%%er&ﬁ?%ggﬂgﬂgﬁé%Stﬂocp&%”P?%éi.}ﬁrbfotfhe phogdHdrescergai d
concentrate conprising 5- parts” by wel ght of the phosphorescent pignent

per 100 ppigh®nbyeri) @htts bhewcighptiesnbplastsesinor r¢sgssi ns. 12. The concentrate
according to claim11l, wherein said concentrate conprises 15- 35 parts by

wei ght of the phosphorescen i gnent . per, 100 r i : ~gpl astic
resin or FesiigLongenirag %98@&%@019%?“? b Pﬁhﬁbel%ﬁjlgginzce ?é%t\%%to ﬁ%hts %Sglrejr rm@gl astic
conposi ti bl oPYhe PhBkHotdsedht Piiim ger 10 p&ky Bcwvsighothemdoriysticnj ect i on
nol di ng oﬁ%@ t@’kbl{e@rqngpl gs‘}jti clﬁconposi tion %f cl a?m 1 or extrusion of the

t her mopl asdsircorgesiposi tion of claim 1. 15. The objects forned according to
claim 16, wherein said objects are filnms or sheets. 16. (Cbjects forned

accordi ngzgég.o £ lpzrslci)créqsslfldr A0 ioﬁ')jesc?si ﬂm?lbtjhg%&nﬁ)bﬁtsﬁ@ L¥RRERONAL Gainf i lygE OF

sheet s.
injection molding.

14. Objects formed by injection molding of the thermoplastic composition of claim 1

or extrusion of the thermoplastic composition of claim 1.

15. The objects formed according to claim 16, wherein said objects are films or

sheets.

16. Objects formed according to claim 14, wherein said objects are polycarbonate

films or sheets.
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