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emissions of phosphorescent light from the composition are not filtered or scattered,

except by the pigments themselves.

Phosphorescent compounds with an aluminate matrix are well known. US 5, 424,006
describes this type of phosphors 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 phosphors 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. Polycarbonate

has been mentioned as one of the many suitable resins.

US-B1-6,375,864 describes compositions and molded, extruded or formed

phosphorescent plastic articles produced therefrom comprising phosphorescent
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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.

Unfortunately the addition of phosphorescent pigments (phosphors) causes
degradation of the matrix because of the abrasive nature of the pigment particulates.
This results in graying of the matrix due to polymer degradation during the
compounding process. Further, the addition of very small quantities of
phosphorescent pigment to a polycarbonate matrix causes a significant decrease in
impact properties. There accordingly exists a need for polycarbonate components and
parts that exhibit good glow performance characteristics, as well as low temperature

ductility and impact strength.

It is a common belief that optimal phosphorescence can be obtained with transparent

or translucent materials only.
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below provides the composition with brighter and longer afterglow properties along

with low temperature ductility. These compositions can be utilized in a large number

of commercial applications especially in automobiles, decorative housing for

computers and telecommunication equipment.

The invention deals with thermoplastic compositions comprising a thermoplastic resin
or a blend of thermoplastic resins, a graft copolymer comprising a rubbery graft base
upon which one or more monomers have been grafted and a phosphorescent pigment
with an aluminate matrix expressed by M-Al, in which M is at least one metal element
selected from calcium, strontium and barium and Al represents an aluminate group

such as A,Oyq.

The compositions of the invention preferably have a diffuse light transmission of less
than 20 % according to ASTM D1003 measured on parts with a thickness of 2.54

millimeter molded out of the thermoplastic composition.

The thermoplastic resin is preferably a polycarbonate resin or a blend of a

polycarbonate resin and or more thermoplastic resins.
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mllimeter nolded out of the thernoplastic conposition. The thernoplastic
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The invention also deals with concentrates suitable for making the compositions of
the invention. It is possible that the concentrates are made by one company and the

final composition by another company.

The concentrates of the invention comprise a thermoplastic resins and/or a graft
copolymer comprising a rubbery graft base upon which one or more monomers have
been grafted and a phosphorescent pigment (phosphor) with an aluminate matrix
expressed by M-Al, in which M is at least one metal element selected from calcium,
strontium and barium and Al represents an aluminate group such as Al;Os, in a
quantity of at least 5 % by weight, calculated with respect to the total quantity of the

mentioned components.

Objects formed by injection molding of any of the compositions of the invention also

form part of the invention.

DETAILED DESCRIPTION OF THE INVENTION



bj ects formed by injection nolding of any of the conpositions of the
invention also formpart of the invention. DETAI LED DESCRI PTI ON OF THE

| NVENTI ONWOH3i2108/ 102110 PCT/ US03/ 15132 The conposi ti onecafushsresisnvent i on
conprise the follow ng essential conponents: (a) 50-99 % by wei ght of a
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copol yners, polyesters, polyolefines, styrene polyners and styrene

copol ymer e BMGstiabin b ea of BREYBNSME 29k et hers, pol yacetal s,

pol yacrylates such as polynmethyl methacrylates and bl ends t hereof.
Preferred are pol ycarbonates and bl ends conprising a polycarbonate. Bl ends
wi t h pol ysHkbuheftthergtoplastic easimsrcas be ased iadhe caupagtiany oficghventionelt éx abl y at
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copolymer is preferably between | and 15, nore preferably between 1 and 10
% by wei giftosarescence as shown in the examples by measurement of the lumifescence after

illuminating articles molded out of the compositions of the invention.

Suitable thermoplastic resins are for example polycarbonates, siloxane-polycarbonate
block copolymers, polyesters, polyolefines, styrene polymers and styrene copolymers,
PVC, polyamides, polyphenylene ethers, polyacetals, polyacrylates such as
polymethylmethacrylates and blends thereof. Preferred are polycarbonates and blends
comprising a polycarbonate. Blends with polycarbonate should comprise at least 60 %
by weight, preferably at least 70 % by weight of polycarbonate based on the total
amount of thermoplastic resins (a). In case of compositions comprising as component
(a) or as a part of component (a) a polycarbonate, the content of the graft copolymer is
preferably between | and 15, more preferably between 1 and 10 % by weight with
respect to the sum of (a) and (b). In case of blends the most preferred blends are those
comprising polycarbonate and one or more of the following: a polyester, a siloxane-

polycarbonate block copolymer or a SAN copolymer.

Polycarbonates




respect to the sumof (a) and (b). In case of blends the nost preferred

bl ends are those conprising pol ycarbonate and one or nore of the
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the term "polycarbonate " includes polyners having structural units of the
formul a (AQ usddl heréfn; S tekd > pb]?cé’l‘@érféﬁ: ‘aﬁnchlﬁﬁﬁpo%%@ h@@n?%fr&&ﬁﬂal ghitd he total
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aromatic organic radical and, nore preferably, a radical of the formula
(11): A-Y' -A2- (Id) wherein each of A and A2 is a nonocyclic divalent

aryl radical and is a bridging radical having zero, one, or two atons
whi ch sepearsit'e-G¥ I) I'n an exenplary enbodi nent, one atom separates
Al fron1A2 [Ilustrative, non- Iiniting exanples of radicals of this type
are -0-, -S(Q -, - qﬂé Q net hyl ene, cycl ohexyl - met hyl ene,
2-12,2, 1]mbwélyb| H%Etﬁ )?PP‘ﬁe per@@rﬁw fa@ﬁ%tal PE@B%BQR JEAWS HESHURIYA i dene,
cycl Ohe% 350 %adiGHE LAP EY ki Gre SHBlBEOARGYL AR DR ARANERAN! | dene,
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an il | ustPraferatdy, Iéksn:m erobmltmgx@anpmmmal @ﬁ]ﬂ-l—xhereszr—rdj:éyl,zaamﬂ-lpf ththe
bri dgi ng adlcgb can be a hydrocarbon group or a saturated hydrocarbon
group suc rigula ?hylene cycl ohexyl i dene or isopropylidene. Polycarbonates
can be produced by the reaction of dihydroxy conpounds in which only one
aton1sepaLaLg§_AYuaq@_A2( ﬁs used herein, the term "di hydroxy conpound”
i ncl udes, for exanple, bi'sphenol conmpounds having general forrmula (I11) as
fol |l ows:

wherein each of A' and A? is a monocyclic divalent aryl radical and Y' is a bridging

radical having zero, one, or two atoms which separate A' from A%, In an exemplary
embodiment, one atom separates A' from A?. Tlustrative, non-limiting examples of
radicals of this type are -O-, -S-, -S(O)-, -S(0,)-, -C(O)-, methylene, cyclohexyl-
methylene, 2-[2,2,1]-bicycloheptylidene, ethylidene, isopropylidene, neopentylidene,
cyclohexylidene, cyclopentadecylidene, cyclododecylidene, adamantylidene, and the
like. In another embodiment, zero atoms separate A' from A?, with an illustrative
example being biphenol (OH-benzene-benzene-OH). The bridging radical Y' can be
a hydrocarbon group or a saturated hydrocarbon group such as methylene,

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%),
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(Ra)p (Rb)g OH Xa OH (I11) 6 WO 03/102110 PCT/ US03/ 15132 wherein R and
Rb each i ndependently represent hydrogen, a halogen atom or a nonoval ent
hydr ocar woogneaupo ; p and q are each i ndependently integePsTfuson031o0 4;
and Xa represents one of the groups of formula (IV): Re Re 11 -C or -C
Ild R (I1V) wherein Re and Rd each independently represent a hydrogen atom or
a nonoval gitreinl RNGAJ R@reaGN%déf)eHd/éMlSJ%ﬁrl@%t Giy@tdgen, a@@xaﬁieﬁ SaRnfioral ent
hydr ocar bon group. Some illustrative, non-Ilnltlng exanpl es of suitable
di hydr oxymommdﬁmnbtsdrpmbwdgmum hm)mirluqcarph@hohéemndlerttltyen@ghycfmwi@ fibst it ut ed
aromatic pcarbons su sed by name or fornula (generic
or speci f?%i) i PGS PG Q éﬂ?e &{8“})5 ‘?nﬁlggi\% ngnexcl usive |ist o1£g
speci fic exanples of the types of bisphenol conpounds that may be
represented py formula (111)R¢i ncludes the follow ng:

, 1- bi s(4- hyfroxyphenyl) midk hane; 1, 1- bi s(4- hydr oxyphenyl) et hane;
2, 2-bis(4- yphenyl ) prépane (hereinafter "bi sphenol A" or "BPA"):
2,2-bis(4-hy§}oxyphenyl) but ane; \% 2- bi s(4- hydroxyphenyl) octane;
1, 1- bi s(4- hydr oxyphenyl) propané 1, 1- bi s(4- hydr oxyphenyl) n-but ane;
bi s(4- hydr oxyphenyl) phenyl net hane; 2, 2-bi s(4-hydroxy-I|-nethyl phenyl)
pr opane; \Jvhérembk‘sﬁﬁjd hmaa%mdtepé}wtewpmkat aphs)m & aldhn$ bhy dheroiarent )

al kanes such as 2, 2-bi s(4-hydroxy-3-bronoph enK pr opane;
1, 1- b|s(4hMydOD%thbM¢bymb9@Empenvdde1sadﬂwkmb ﬁh@ﬁ@bmlﬁﬁdpbls(hydroxyaryl)
cycloalkanes such as 1,1 -bis(4-hydroxyphenyl) cyclohexane; and the like

as wel | S0 G‘ﬁ’usﬂ%ﬁ' O”n%n‘ﬁPrH}?l Se!xglglp%ts ers"i]lﬁgblgr}ﬁh)pcfroi}hgompounds include

dihydric phenols and the dihydroxy-substituted aromatic hydrocarbons such as those
disclosed by name or formula (generic or specific) in U.S. Patent No. 4,217,438,. A
nonexclusive list of specific examples of the types of bisphenol compounds that may
be represented by formula (III) includes the following: 1,1-bis(4-hydroxyphenyl)
methane; 1,1-bis(4-hydroxyphenyl) ethane; 2,2-bis(4-hydroxyphenyl) propane
(hereinafter “bisphenol A” or “BPA”); 2,2-bis(4-hydroxyphenyl) butane; 2,2-bis(4-
hydroxyphenyl) octane; 1,1-bis(4-hydroxyphenyl) propane; 1,1-bis(4-hydroxyphenyl)
n-butane; bis(4-hydroxyphenyl) phenylmethane; 2,2-bis(4-hydroxy-1-methylphenyl)
propane; 1,1-bis(4-hydroxy-t-butylphenyl) propane; bis(hydroxyaryl) alkanes such as
2,2-bis(4-hydroxy-3-bromophenyl) propane; 1,1-bis(4-hydroxyphenyl) cyclopentane;
4,4’-biphenol ;and bis(hydroxyaryl) cycloalkanes such as 1,1-bis(4-hydroxyphenyl)
cyclohexane; and the like as well as combinations comprising at least one of the

foregoing bisphenol compound.

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.
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mi xt ur e dfheaoldishgitias cBPphandla hydionyais-RBppinateddpel ydipegapesixgne t ekhgi nat ed

pol ydi or ganosi t.ox ri - f . e

Fact 11 atiaby By g S tk Peasy iR ot bl sk BF TEREY AR, fRilv

hydr oxyaryl -t erm nat ed pol ydi or ganosi | oxanes that nmay be used include

phenol - si$axaofte dfydtorgarfybramibratdd\idlydiGigaRosObkariRs R2at fhayPbe uséd lindude Rn R

(VI'1) where each R nmay be. the or different and is selected fromthe

group of RhsBplcalogancs g gﬁé?ﬂﬁﬂazgﬁﬁydrogen, hal ogen, C(1_8) al koxy, C(1_8)

al kyl and C(6-13) aryl, Rl is a C(2 8) divalent aliphatic radical, R2 is

sel ected frompthe sane gr different o€ 1. 13) nonoval ent organic radicals,
i)

and n is an i r&dt er Kt han or equal to 1, preferably greater than or
equal r pre*erabl ater than or equal to about 25 and
nost 5§ tto about 40. It is also preferred to

. F (VID)

where each R may be the same or different and is selected from the group of radicals

consisting of hydrogen, halogen, C(,.sy alkoxy, C(;.gy alkyl and Cy.13) aryl, R'isa Cp-s)

divalent aliphatic radical, R? is selected from the same or different Cq-13) monovalent
organic radicals, and n is an integer greater than or equal to 1, preferably greater than
or equal to about 10, more preferably greater than or equal to about 25 and most
preferably greater than or equal to about 40. It is also preferred to have n be an
integer less then or equal to 1000, preferably less than or equal to 100, more
preferably less than or equal to about 75 and most preferably less than or equal to

about 60.

Some of the radicals included within R in the above formula (VII) are halogen
radicals, such as bromo, and chloro; alkyl radicals such as methyl, ethyl, and propyl;
alkoxy radicals such as methoxy, ethoxy, and propoxy; aryl radicals such as phenyl,
chlorophenyl, and tolyl. Radicals included within R! are, for example, dimethylene,
trimethylene and tetramethylene. Radicals included within R? are, for example, C1.13)

alkyl radicals, haloalkyl radicals such as trifluoropropyl and cyanoalkyl radicals; aryl



integer less then or equal to 1000, preferably |less than or equal to 100,
nore preferably less than or equal to about 75 and nost preferably |ess

t han or ewoaB/10x110 about 60. Sone of the radicals includedpeairtusosnifR3iin the
above formula (VIlI) are halogen radicals, such as brono, and chloro; alkyl
radi cal s such as nethyl, ethyl, and propyl; alkoxy radicals such as

met hoxy, @H#&%xucm&dpmgp@mmp%w dndAbIGRIRE i§ PrferaSlyRAGRYI or a Glik@FOPhenyl,
and tolyl. Radicals included wwthin RL are, for exanpl e,  dinmethyl ene,

t ri met hyl efimecthyldintl ¢tifleorepropyle nea miRetdiecdinsethyl@ndabenybhi t hin R2 are, for
exanple, C(1.13) alkyl radicals, haloal kyl radicals such as

trifluorapropyl. and anoal kyl. radical s: anyl 8 W) 03/ 1 1
T Usoa 151 38 R BETBORE ok bfyirer il comiToT e angieeviat, | o

pref er abl weiggt My, n@asiedi fok WkempRf byailfyemrithgation lod0iphprepteting)osf a
m xture of nethyl and phenyl. The sil oxane-pol ycarbonate bl ock yners

capol
have a wesTgHeL hopugahislabew 1&00%{6&@1(«mat%&@mréﬁpalfteﬁb@%éﬁﬂoﬁ; by

ultra-cengif LOF I I, Q) af, K-t r to
about 10, 30D, HSPLPER, Ehucdid e RER mAth R b, O 8 fln PR

pr ef er r ec005008, peiferhiily dessrtage ormeduat td asoundi00J000.01lt 1segenetaligrdesirabdgteal to
about 200,000, preferably | ess than_or ual toaa%bou%ﬁ) 10

0,000. It i
gener al | y1ay&dhg a@ly@rg@@osﬂﬁéw Yrps CBBV%Feg IURRS _ Quy, twé(y"c%fgtgF ek Iesabout
0.5 to ab\%‘iﬁfﬁ@@f %%i%&g%%?ﬂ&%@énaté“@b%m&{ The&haid RrpRcoPHYGRKRRNat

copol yrer. e chain | of the siloxane blocks corresponds w th about
10 t o aboblbcksOrodsporids avitly abowtntl ¢o ghnwtsi O xbenicalipnibpend reapos kpaige

prepared such_as described in for ex l.e US- A-5 , 0 RPal,yest er

B bl e Oy BeSET R orRe s ur AL FHARE (4GRS DA 2P BHae T .

cycl oal i phatic, or aromatic diol, or at |east one of the foregoing,

cont ai ni n]goljfésﬁm about 2 to about 10 carbon atonms, and at | east one
aromatic dicarboxylic acid. Preferred polyesters are derived from an

al i phatic_diol and an aromatic_dicarboxylic acid,. %nd have repeating units
of the fﬁqlm%@olg@sﬁrrﬁmq thqeathe$e) derived from an aliphatic, cycloaliphatic, or

aromatic diol, or at least one of the foregoing, containing from about 2 to about 10
carbon atoms, and at least one aromatic dicarboxylic acid. Preferred polyesters are
derived from an aliphatic diol and an aromatic dicarboxylic acid, and have repeating

units of the following general formula (I):

oo,
—O0—R'-0—C—R?-C— (1)

wherein R' is an alkyl or cycloaliphatic radical containing 2 to about 12 carbon atoms
on average, and which is the residue of a straight chain, branched, or cycloaliphatic
alkane diol having 2 to about 12 carbon atoms on average, or chemical equivalents
thereof. R? is an aryl radical having 6 to about 20 carbon atoms, and which is the
decarboxylated residue derived from a diacid having 6 to about 20 carbon atoms, or

chemical equivalents thereof.

The diol may be a glycol, such as ethylene glycol, propylene glycol, trimethylene
glycol, 2-methyl-1,3-propane glycol, hexamethylene glycol, decamethylene glycol,



00 Il 211 -OR-OCR-C (I) wherein RL is an alkyl or cycloaliphatic
radi cal containing 2 to about 12 carbon atons on average, and which is the
resi due oWoasaoxial ght chain, branched, or cycloaliphatic partksog1d8DI
having 2 to about 12 carbon atons on average, or chem cal equival ents

t her eof . R2 is an aryl radical having 6 to about 20 carbon atons, and which

I's the %1@93%' @ihﬁ%ah@ﬁ'o@%o@&{tyﬂéﬁ@ fyc8MA aﬂaaﬁlsqc}h%ynrmb&aﬁémbout 20
car bon at chem cal equi Valents thereof. The d my be a glycol,

such as elbydyéqmm)rgl groesarcippbpyl ene gl ycol , trinethyl ene gl ycol ,
2-met hyl - |, 3- propane egcoI hexanet hyl ene gl ycol , decanethylene glycol, 9

WO 03/ 102 10 PCT/ US / I
%{“EHFOPP?%%}? dsc‘frlzp)%rﬁfgggixaneregén lpaﬂqm ecarbo %l%%%q%.ylhl?fpe

gl ycol ; i o Ui one resor ci nol .

Exanpl es R* @eONEdphthallé CaF b@¥aphtitaliaciadig, reprcﬁgﬁém@&(ylpyeﬁyn)%tmﬁ@anboxyl at ed
residue R2 are isophthalic or terephthalic acid,
1, 2- di ( p- Sarrbexydirhenyl gtherh e bishenpoic agidh 4 Bty as Gsenpyitions semprisingat
bi sbenzoi i of the
f or egoi ng]%asil ngooff q‘?%ig%éez’ A d%ﬂgggﬁt?g%ené%ght% (l%eéwéﬁ Elt(s)ir?gglac?]t(‘;'rﬁlxarllt)rlﬁgﬁérlu %uss Aci ds
cont ai ni ngcidys@ataining Susinriaks @abealar eseptsensuathass im 114-44,51,8-2,6fr 2, 6-
napht hal ene di carbgxylic acids. The erf erred di c?r boxylic aC|lc11

I %ﬁlia‘a or

t er epht haPapéth aéf’é‘FthquE‘Ei%‘Ph%ﬂ“?sc A&F Prefagphibcaragyligi acidspysyFice
conposi ti gng 1§5}§®52Le'£91 Ehta htlhgl@% dR‘@ﬁ)oQg/hé Q@df&r&gﬂﬂogﬂlogé CahPRXNE i€ aci ds.

Al so contenpl a rein are the above pol yesters with m nor amounts, e.g.,
from aboleast@nbd of hedbropoingdiqadrogeht abgs.wei ght, of units derived from
al i phatic aci ds and/or ali phati c polyols to form copol yesters. The

ot SR e T O Yy

Pat ent N0§oou2 0460, B4 Wﬁer@erﬁ‘b@u@@@ht, of units derived from allphatlc ac1ds and/or
aliphatic polyols to form copolyesters. The aliphatic polyols include glycols, such as
poly(ethylene glycol). Such polyesters can be made following the teachings of, for
example, U.S. Patent Nos. 2,465,319 and 3,047,539.

Block copolyester resin components are also useful, and can be prepared by the
transesterification of (a) straight or branched chain poly(1,4-butylene terephthalate)
and (b) a copolyester of a linear aliphatic dicarboxylic acid and, optionally, an
aromatic dibasic acid such as terephthalic or isophthalic acid with one or more
straight or branched chain dihydric aliphatic glycols. For example a poly(1,4-
butylene terephthalate) can be mixed with a polyester of adipic acid with ethylene
glycol, and the mixture heated at 235°C to melt the ingredients, then heated further
under a vacuum until the formation of the block copolyester is complete. As the
second component, there can be substituted poly(neopentyl adipose), poly(1,6-
hexylene azelate-coisophthalate), poly(1,6-hexylene adipate-co-isophthalate) and the
like. An exemplary block copolyester of this type is available commercially from
General Electric Company, Pittsfield, Mass., under the trade designation VALOX
330.

10



Bl ock copol yester resin conponents are al so useful, and can be prepared by
the transesterification of (a) straight or branched chain

pol y(1, 4-wotogliexieo t er epht hal ate) and (b) a copol yest er ofrca/usosess2

al i phatic dicarboxylic acid and, optionally, an aromatic dibasic acid such
as terephthalic or isophthalic acid with one or nore straight or branched

chain di hydei 6 dstePNALIG @ny 88! Sycld-alipHfNia MpbI9esterPO KK {tdb1é - cyRis-aiag
t er epht hal at e‘%b géén be rrrll xeg' Wi tﬁyca_ p(l)II) yes?g(%?%f radi pi c ac?g Wi tpﬁ] e(t: hyl ene
gl ycol , apayedter miins arceth) essireccoaprz8gChe eastibn pravct effpredinbatie C2tthen heat ed

further nder a vacuumuntil the forpation of.the bloc opgl vester is
conpl ete. Hlﬂgof e §8Hﬁa@8%§£}aeﬁf", 't %hggggﬁcgiéorsﬂsglﬁ ﬁ&%‘dﬂq E%tr ya(l(geopent yl
adi pose) , cRAbaliphati JASpe¥ler N@siAZ BbithiAmE0iat ApiK: hatloat €90% PBY YWdight lgxy| ene

adi pat e-co-i sophthal ate) and the |I|ike. An exenplary bl ock copol yester of
this typecydoadiphiticapicarbevytireraid.afr o;hefrn@ﬁheq@yﬁl@nwané%é@f 18] @/ ckoHralC
Pittsfield, ,Mss.. .. e trade designation VALOX 330. 10 WD 03/102110
PCT/ US03/ aﬁlgﬁa’%‘éﬁggﬁa&é‘?er resins can be cyclo-aliphatic polyesters.

Sui tabl e cyclo-aliphatic polyester resins are the resins conprising the
reaction pheguetrraf palyestbn plobicules GZe Gédveddirom oycledtiphatecatiotqud waklent and a
C66- C12 aljphatic diiacid or .chem cal equival ent, said _cyc]oal,iphatic

pol yest _eralrllél_?F‘ﬁ é%ﬂ?a‘?%’i‘ﬁ?@‘“ﬁ% f@&g‘{ca]ébgiﬂl}’%’ﬁlﬁ’jlwnﬁeﬁhmh%?l gyelo exy‘i

cycloal i Phﬁallb_%xﬂb&ém%myéﬁer%m SRly GRETchalin@ fHly uibaRtuse AN RM&E @
cyclo-aliphatic™ diol or”chem ca? edui val'ent. The preferred pol yester

mol ecul espafarademolyestef riom byt oadyicihalifihetidi diacidndnd yeycde-alaphiaphatliot di aci d

conmpounds, specificall ol cl ohexane di.net hanol .cycl ohexyl

di car boxyFtRONCE é“%b?%%‘ﬁ%ﬁ%&%‘ﬁ “Bﬁ'i‘?’?n%r%d@s%’?yil gl%ﬁ’lof‘;ﬁrargeyy al so be
useful . The nost preferred polyester has both cyclo-aliphatic diacid and
cycl o- al i phatskondi &bkentaP IPDPEIENS oF UBH camppsitiyesy 6f eleemasstioh fxethbanof

cycl ohexyl dicarboxylate. The second essential conponent of the

conposi ti eprplynet he invention is the graft copol ymer.
The thermoplastic composition comprising as component (a) a blend of a
polycarbonate resin and one or more of the following thermoplastic resins: a
thermoplastic polyester resin and a siloxane polycarbonate block copolymer can
further be characterized by their favourable notched Izod impact strength according to
ASTM D256. The notched 1zod impact strength is at least 10 ft-Ib/inch (at least 530
at J/m) at zero degrees Celsius, or even at —10 degrees, or more preferably at —30

degrees or at —40 degrees and most preferably at —50 degrees Celsius.
Graft Copolymer

The graft polymer having a high rubbery graft base. The glass transition temperature
of the rubbery base is preferably below room temperature even more preferably below
minus ten degrees Celsius. The content of the graft base is preferably above 5, more
preferably above 25 % by weight of the graft polymer. One or more monomers are
grafted upon the rubbery base or backbone. The rubber forms the backbone of the

graft polymer, and is preferably a polymer of a conjugated diene having the formula

11



The thernoplastic conposition conprising as conponent (a) a blend of a

pol ycarbonate resin and one or nore of the follow ng thernoplastic resins:
a thernogbastibnipol yester resin and a sil oxane pol ycar boratrasSob/ozik2
copolymer can further be characterized by their favourable notched Izod

i npact strength according to ASTM D256. The notched |zod inpact strength
is at Iea@tnl 0 ft-Ib/inch (at least 530 at J/m at zero degrees Cel sius,
or even at -10 degrees, or nore preferably at -30 degrees or at -40
degrees and nost l!oref erably at -50 degrees Celsius. Graft Copol yner The
graft pol ysrer ha¥in *a hi rubbery graft base. The glass transition

t enperatu of he%(r ubbery base is preferably bel ow roomtenperature even
nmore preferaflyGetdv—a nus ten degrees Cel sius. The content of the graft
base is pgeferably above §p VRhe preferably above 25 % by wei ght of the
graft polyner. One or nore anc}rrers are grafted upon the rubbery base or
backbone. The rubber fornms the backbone of the graft polyner, and is

pr ef er abl whaepoXy iserydedgen, €M) utkad,edhlatinener bawviing Ekamples wiidaneslthav\D
03/102110 PCT/ US03/ 1513 Vill): h Xb b X\.-1 I /X c¢-c-c=c.Xb

"“Xo( VI | )mwﬁe(?%i Yeskn ates %HVgWGSe d?opcq.‘lecsffgrh?ma;dlﬁ'}ﬂ’ o?nieﬂ‘é’}ﬁ o P Se.

Exanpl es oh_ghemgs| shatadidiRYy 20en ysied paftfdiitt adi-effs, 2 USRRAGBRss, chloro

1, 3- hept a-’di ene, “net hyl - 1, 3 pentadiene, 2, 3-di net hyl - 1, 3- but adi ene,

2- et hyl - 138+ peorhadswbsetutet], Butadivnie? , shichesxsadiidhierobutadiens, o braamebukadams.

substi t ut but adi enes such as _di.chl or pbut adi br omobut adi ene,

i br onobu P AERE i BREe e SPriSPRg! Bat SR B ERTRR S S8, di enes,
and the Jjkea heprrliebhpdatca@idhaat ailtadicwpe dspobuicasiofrenjugapdliisies s of
conjugated dienes wth other nononers may al so be used, for exanple

copol yrer with pthsumeapeas naayalenes used, for example copolymers of butadiene-styrene,

butadiene-acrylonitrile, and the like.

Alternatively, the backbone may be an acrylate rubber, such as one based on n-butyl
acrylate, ethylacrylate, 2-ethylhexylacrylate, mixtures comprising at least one of the
foregoing, and the like.  Additionally, minor amounts of a diene may be

copolymerized in the acrylate rubber backbone to yield improved grafting.

polymerized in the presence of the backbone polymer. One preferred type of grafting

monomer is a monovinylaromatic hydrocarbon having the formula (IX):

X¢ X¢ (IX)

wherein X" is as defined above and X© is hydrogen, C,-Cy alkyl, C;-Cy cycloalkyl,
C-Cyy alkoxy, C¢-C)g alkyl, C¢-Cg aralkyl, C¢-C)g aryloxy, chlorine, bromine, and
the like. Examples include styrene, 3-methylstyrene, 3,5-diethylstyrene, 4-n-
propylstyrene, alpha-methylstyrene, alpha-methyl vinyltoluene, alpha-chlorostyrene,

12



but adi ene-acrylonitrile, and the like. Alternatively, the backbone may be
an acryl ate rubber, such as one based on n-butyl acrylate, ethylacrylate,
2- et hyl hewgloagomh@t e, m xtures conprising at | east one of PChaIS0$/0r180i ng,

and the like. Additionally, mnor anmounts of a diene may be copol ynerized
in the acryl ate rubber backbone to yield inproved grafting. polynerized in

the presefse BloniddfrORC HRMMGoRHAEREibréMERERS, Sefrfdhlovdae rée, Ghiatdreng

mononer is a monovi'nyl aromati ¢’ hydrocarbon having the fornula (1X): Xb Xb
i\(‘ \ =c XpmpisingcatxtsasC onel o) thahferegiomgx¢rmpovads,duidi thedikgboVke arrdened i s
ydrogen, Cl-Clq al kyl ] -Cio cycl oal kyl i - Cl o .al kox C6- C18 al kyl,
G 8 AP eBmats 5y by HE OB Haop b B RE e | e, Exampl s
i ncl ude styrene, 3-nethyl styrene, 3,5-di ethyl styrene, 4-n-

propyl st yAe@eondadypbaf griftiyd mehymengat alapha-potyrstizediinythd plesane of the

al pha-chl orostyrene, 12 WD 03/102110 PCT/USQ3/15132 al pha-bronostyrene,

di chl or oskelyepiebackbencaipatryliemenomens of fQRIWE 6% yrene, ni xtures conprising
at | east one of the foregoing conpounds, and the |ike. The preferred

nmonovi nyl afomat iy6 hydrocarbons are styrene and/or al pha-neth yl styrene. A
second type of grafting nonomer that may be pol ymerized in the presence of
the polyne o A <boge are acrylic nmononmers of forrmula (X): Xb X b -1-Y,

b/ X (X) whgfein Xt" is as previously defined and Y2 is cyano, Cl-Cl2

al koxycar gonyl , or th(g()

wherein X" is as previously defined and Y? is cyano, C,-C,; alkoxycarbonyl, or the
like. Examples of such acrylic monomers include acrylonitrile, ethacrylonitrile,
methacrylonitrile,  alpha-chloroacrylonitrile,  beta-chloroacrylonitrile,  alpha-
bromoacrylonitrile, beta-bromoacrylonitrile, methyl acrylate, methyl methacrylate,
ethyl acrylate, butyl acrylate, propyl acrylate, isopropyl acrylate, mixtures comprising
at least one of the foregoing monomers, and the like. Preferred monomers include

acrylonitrile, ethyl acrylate, and methyl methacrylate.

A mixture of grafting monomers may also be used, to provide a graft copolymer.
Preferred mixtures comprise a monovinylaromatic hydrocarbon and an acrylic
monomer. Preferred graft copolymers include acrylonitrile-butadiene-styrene (ABS)

and methyl methacrylate-butadiene-styrene (MBS) resins.

The graft copolymer can be in the form of a core-shell polymer built up from a
rubber-like core on which one or more shells have been grafted. The core therefore
consists substantially of an acrylate rubber or a butadiene rubber, and the shell(s)
preferably comprise a vinylaromatic compound and/or a vinylcyanide and/or an
alkyl(meth)acrylate. The core and/or the shell(s) often comprise multi-functional
compounds that may act as a cross-linking agent and/or as a grafting agent. These

polymers are usually prepared in several stages.

13



| i ke. Exanples of such acrylic nononers include acrylonitrile,
ethacrylonitrile, mnmethacrylonitrile, alpha-chloroacrylonitrile,

bet a- chl owoeasnyiiemi tril e, al pha- bronopacrylonitrile, PCT/US03/15132

bet a- bronmoacrylonitrile, nethyl acrylate, nethyl nethacrylate, ethyl
acrylate, butyl acrylate, propyl acrylate, isopropyl acrylate, m Xt ures
CONpr i Si Ny %Pafi Q8sdly S @hhahBe tﬁ@rp%egjhlagesemen@fr fhe ddigorsi @ thePr ef erred
nononer s | nclude acry onitrile, ethyl acrylate, and ne?hyl nmet hacryl ate. A
m xture dhverant They alsmdrmesase teyinglasostise gisiereot. oSplitabsh amounty phpraft

| f
P el T copofytieire SOl M ER e GRLPE g o P iRy iRt § EXBEcgRr bon and

acryl oni tgéibge but adi ene-styrene (ABS) and net hyl
nethacrylate-butadiene-styrene (MBS) resins. The graft copolyner can be in
the formof a core-shell polynmer built up froma _rubber-like core on which
one or noPepesHimg e that/‘@nt@éeﬁy thg altafté@POITﬁ’ér db¢ BNqspBeresspEPigpsRingk

subst ant Itﬁ!elr¥xé)cft cﬁ‘é}nﬁglré()hﬁi ElthHl?tqg ogqb]@t %é‘ig' Sfthé'@&%h o5 dritge shel l ('s)
preferably vi nyl arona npoun or a Vi yﬁcyanlde and/ or
an al kyl 1(1m@tth>)1§1@mqtaa:t enicIEhemc}oneNanthbIzoﬂhenpattedtte@gt)w off 8 678 owhpBixse

mul ti-functi onal npounds t hat rmay a cross-linkin ent nd/ or as
a graftiH@”ﬁégﬁg@d%ﬁéQQMIﬁﬁf§ lghﬁﬂﬁgggdgﬁﬁﬁtﬁ?@%QPﬁﬁ%PW“g%Vg t ages.
13 WO OBngg%ngng/U803/15132 The graft copol ymers enhance the
phosphorescence of the conpositions of the invention. They al so increase

t he i npact strength thereof. Suitable amounts of graft copolyners are
above | fhospies} withnan plusfisate mairif aadnagstnelicy

wei ght . gﬁgenqﬁgg4onlthﬁ content of the graft copolyner t he phosphorescent
pi gnent chem cal conposition it is possible to obtain
out of the conpositions of the inventions nolded articles with a Notched

| zod i npathe skneRgt RavfbeareprelentaiCn (tS sinplesr)fosh diydthe dobyaula ofl,@4. Ik éast 10

ft-1b/inch (530 J/ at tenperatures down to mn 50,. .degrees Cel si us.
hovsever knovg?l that alunrqrﬁtates may occur in Vagous sl%Jg tly dlfferegt F rms with

various different chemical formulas. All metal aluminates with phosphorescent
properties and with of one or more of the following metals ions: calcium, strontium
and barium can be used in the compositions of the invention. The articles moulded out
of the compositions of the invention are phosphorescent. Fluorescence and
phosphorescence are very similar phenomena on a molecular scale. They occur when
a substance absorbs radiation of a certain wavelength 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
14



Phosphorescent pignment (phosphor) with an alum nate matrix and aesthetic
effects obtained by the phosphors The alum nate can be represented in its
si npl est Worosnbgi1e he forrmula A1204. It is however known tPeatusabismnat es
may occur in various slightly different forms with various different

chem cal fornul as. nmetal alum nates with phosphorescent properties and

with of ofe st Jﬁ,e%ft bhgethald ay ?goggsﬁal%k&mt OBEnulGAd UMimilahomddsum  and

bari um can be use he conpositions of the invention. The articles
moul ded o@B500Kflighheucaiposi ¢iceent a¢prodestionwé daylight m@q@m@pﬁb‘f aangent .

Cealo. T Bur ! Bes arunuen apsio M oe iy BT B8 B i oo

vavel engt Roried ffdtn @RE tiRrRBPhARSeGh cothfdsRioandt Wauslmigh kxhibitpd @ﬁd)dg’ t he
em ssi on of phosphorescence takes place in nore than 10-4 seconds (and may

| ast for lmtmhigéJSN that Heareas¥s esridnentfallysvesevgead hpursaln casg of BARSPTreRt Plef
phenaomena nEE ﬁ;&fngn&Pg)%g%\%n 0 :L](S)%O mort?i tlgat e qudsélon\/\g] %otu?eélg hs?x%plgﬁrr he ¢ e nt or

quoresc ctrons are to a

vi brati ongk e@%&%nge Sﬁn@ﬂﬁcauf@&leﬁﬁérﬁﬁplaetﬁ feein dcBSRI Wie- gidethas ofeatmdr at i onal
ener gy by l'i sions_and internal ener&il conversions and falls to t he
| owest vi¥r adeemdewT effeqt. dfter prrehqury e 1k présgion: e thefasmof fhscelglel | the

mol ecul e Gah;d el ikl 0B ind find DSib1a LAY T8RN rBH R Oné/Qgg b state,

emtting | ener inthe formo uor escence. tergl ow
phosphor eSkesige plgneffea atiglspmc'mltdrglstiagqmtebtidlli igh¢rntsetf\despn BEQusnittald@s rim As
a result, the Ilgh source hayin

t t ant t il
e “14 WV IO The PRSI L BTY WA JBSTORRS Pate e GOk ) 406 he
phosphor egl%@rgffefcpEM@lteHQ&?i b}J Addﬂmnr@“rht hgglﬁ%cat(e@lﬁgg dtiveiEh fsqxl?l@@l)y Is an

excel  ent“reproduction of daylight including t range. ter ten
m nut es olbutm@mahtledm naEhom dlnxwieJ\MmBexlﬂe Iqré,lhﬂOb@o"tfhﬁ Sqatteﬂm;ﬁg@nt wHl ps

nol ded fro er nopl asti c reS| o 05|ts’ on o] tt ot r]\sloent |eonogé<h| bit a
strong |’P1‘?t‘i’ f‘li’fv\/t *hBt %‘Véﬁ%rgs %H%?ﬂ bt V18P L BN C RSt s. In
case of t ﬁ@s@fbﬂﬁfe@% t&fims &ff @NSlabtieNIBELHIROrE (WSbiuk, V&lloNQteyd! tviyetf hat t he

em ssion 1s noticeably stronger on
light red and orange) have been obtained and, despite the presence of colorants,
exhibit a glow performance similar or better than formulations not containing the

scattering agent.

It must be noted that some phosphorescent pigments can be efficiently activated by a
light source without UV energy. These phosphors are indeed quickly activated by
indoor light like cool white fluorescent light. They are a preferred embodiment when
used in combination with light scattering agents like titanium dioxide and other
colorants. Another important application of these special phosphors is in formulations
containing UV stabilizers because the stabilizer screens the UV energy and therefore

does not allow usual phosphors 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.
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the edge of the chip because the thernoplastic resin acts as a wave-gui de
thus creating an "edge glow' effect. After one hour, the Iight em ssion
fromthe waoe/iafiiea he color <chip is still up to 4000 tineedrhsoyidsbl e
threshold for the human eye (0.003 nCd/n2). The edge gl ow effect adds an
interesting potential in terns of design because it allows for exanple the
reali Zat'?ﬂ%ﬂ)&ea@ c;‘aﬁ9t ggﬁa%lé th Hﬁ%e%m RAdS siRer@iwhoefs adger gl ow

ef fect can Dbe uce ition of a light scattering agent which is

t ypi cal | yHondymtellnot | m ted to - titanium dioxide, zinc oxide, or

Teflon(c). The scatteri ng agent will not only nake the part gl ow nore

honogeneo | s ve. nore 055|b|I|t| of

col or abi Iﬁ?‘i/ pa fclegl‘? 08f gbjes p?P?ﬂ%ggnﬁﬁ% PGP EV\?S Hdei t\ﬁ}f (%bé}ﬁos[a?ﬁcght red
and or anggimpvoneesmipdimichtsh achot dasdlt & tshﬁos@msque ahtheolcoaraat s,
exhibit a glow performance simlar or better than fornul ati ons not

cont ai ni npartiples Withzt mean prgtielgeige of RO nygrometrs ongase Theapartidesizp R Pror escent
pi gnent s ca ffl cli e A t ener
These phosp 3E%d§ e]éslglhg 3&]0&% g thol va edgt%g%}lﬁdég%’?%figf 19&?‘ llgwcool gy
Whlmtj) e fl UQTa&Sﬁx@.ﬂ@ITALlﬁﬁDt A @heml aarsenpncpmfthrsma:ih@mmcherfemd folhexampiséd i n

conbi nation W t i ght scatterln ents like titaniumdi de nd ot her
col or ant s!ISQaddeHera PayoRtesttioadpl ‘?f@gf (fiatéﬁé ’coh%%rga]@psé%ﬁ %Ha Sbﬂ?ﬁeg isin
formul atig pgntai ning W stabilizers because the stabilizer screens the
UV ener gy andct erefore does not allow usual phosphors to be quickly and
efficiently activated. The chem cal structure of suitable phosphorescent

pi gnent s Qilttelh campahants efdhecompasitions lofiths ibveationescri bed in the above
mentioned patents, in particular in US 5,424,006. It is preferred to use

D TR PomBedF R ol Bl ESLp LBt AR AR ™

PCT/ USO3/ A8 Zeledsieygeatse fraﬁmm&dﬁnlgl ygedsdidr adilyecambidatidne b rblopatts It@l es
sizes from Nenoto & Co or Honeywe The particle_size

of the
phosphor esdésite picgarsiied aﬁé‘hifsceéf’oiknu‘ﬂqﬁ’é qabielﬂgmp%“élsplvc stabilizers. It is also

possible to incorporate scattering agents like titanium dioxide in the compositions of

the invention.

Optionally, the thermoplastic composition further contains, based on the total weight
of the composition, up to about 15 wt.%, preferably no more than about 10 wt.% of a
particulate inorganic filler, in order to impart desired processing and physical
characteristics to the molding composition. Such characteristics include thermal
stability, increased density, stiffness, lower creep, and texture. Typical inorganic
fillers include but are not limited to alumina, amorphous silica, anhydrous aluminum
silicates, mica, feldspar, clays, talc, glass flake, glass fibers, glass microspheres,
wollastonite, metal oxides such as titanium dioxide, zinc sulfide, ground quartz, and
the like. Preferred inorganic fillers include zinc oxide, barium sulfate and fiberglass,
or at least one of the foregoing. Barium sulfate may be in the form of the naturally
occurring barites or as synthetically derived barium sulfate. The largest dimension of
the particles may vary, and can be less than or equal to about 50 micrometers, with
less than or equal to about 15 micrometers preferred, and less than or equal to about

10 micrometers more preferred. Also preferred is maximum dimension of greater
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conpositions of this invention is not critical. It is possible to use
rather coarse particles with a nean particle size of 20 m croneter or
nore. Thewpastixahe size can be nmeasured by | aser diffraccorusawifior, nore
accurately called Iow angle laser light scattering (LALLS). A general
description of this nethod can be found for exanple in 1SO 13320, a new

| nter nati alorSLARAE ool Bl AllokeRA  vkh Gnsh&e RABLY Sl baserl
diffraction. O her conponents o? t he conpositions of the invention The
conposi t i misoétetshaorq\peefeirody aedy goatgyrihse druequakrto aahdiut i2v ggcrojmigters

anti - oxi dant s nold.rel ease agents, flame retarding agents, or any

conbi nat i DREGHIEYFdnt s to achi eve the desired aesthetic | ook under day
light and UV stabilizers. It is also possible to incorporate scattering
agents | i ®eel iatidifived) 8 @Xarbflel statli iRrs NP PHinidrd) Sm&Yf alsb @ prievemtin ahie
Optionally, the thernoplastic conposition further contains, based on the
total weigiveposiions HemerrEasunisda.g. Ugss thanaabeut 3 vt Ynef e toiaksamnesItionho nor e
t han abougségn&®n%§@é a particulate inorganic filler, in order to inpart
desi red processing and physi cal characteristics to the nolding
conposition. Such characteristics include thermal stability, increased
density, Biocéserefos mahofveturiap dlepcongnditioexbfthe invBupoical i norganic fillers
include but are not Iimted to alum na, anorphous silica, anhydrous

alum num _silicates, m.ca,. fel dspar, clays, talc ss flake | ass
fibers, gF§%§°fﬂﬁ>Q§F5§’ﬁr‘i’éfﬂé@,ﬂV€%ﬂn| 4853 4 t%éﬂg t8%Ill Wéh%rﬂceﬁ%e%t °t ani um
di oxi de, gHeNfartifdchird &f BRPYSH A& FrisidNtherhffadtick@sinErBfeedonfbsitidas gani ¢
fillers include zinc oxide, bariumsulfate and fiberglass, or at |east one
of the fonregoifagblyBaepared By hfelitreixigythgeequifed pempesiont t%ﬁlomé by gr iy y
occurring _barites. or synt hetigal.l i ri . The.  ar gest
di nensi on®'y mﬂ?ﬁgﬂggfﬁﬁa ggﬂ@§§-gg?3,Ogﬁ%<§§%UB%Sp@%&ﬁﬁééﬁﬁﬁpngﬂﬁg to
about 50 fHe@ieUERSIGF 6f thwihbil pHossisorésoam pigmansad used imthewbmpbsitivny efithe er s
preferred, and |l ess than or equal_ to about 10 mcroneters nore preferred.
Al so pref BWEREPN ¥ isrpxaferied 81 mske ifH dofongeaiste compysipg orgry ob ¢4 (of the

PCT/ US03/ fll]%t]rﬁgplastic and or a part or all of the graft copolymer together with the

phosphorescent pigment. Suitable concentrates comprise at least 5 % by weight of the
phosphorescent pigment. For example, a concentrate containing 30% by weight of
phosphorescent pigment is commonly used. Such concentrate will be preferably
introduced in the composition during the extrusion process (i.e. added to the melt)

using a side feeder.

Objects made out of the compositions of the invention

The resin formulations from the compositions of the invention are, for instance,
suitable for making objects that can be used in applications such as business
equipment, computers and peripherals, consumer 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-
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than or equal to about 0.1 mcroneters, wth greater than or equal to about
I mcroneters nore preferred, and greater then or equal to about 2

m cronmet ew® 03aspeci al |y desired. Qther additives, for exampirases/atidti zers
and pignments, may al so be present in the conpositions in mnor anmounts
(e.g., less than about 3 wt.%of the total conposition) as is known in the
art. pr OQEmﬁtl(f)rPEldm%'lt AGIE Wikt nQn&th?av@Q@@%?tBé RAin2{ ladePPof SP(RAL digks The
conposi tions of the invention can be made according to all known processes
for the liked¥Bel andkD¥D-Bonposi ti ons conprising thernoplastic resins. The
conpositions are preferably prepared by nelt m xing the required conponent
fol | owed ﬁ% g@%%g ion and pelletization of the extrudate. In view of the
di fficul 28 ring sonetines with the processing of the hard
phosphorescent pignents as used in the conpositions of the invention it is
preferredtampr@ke first a concentrate conprising a part or all of the
thernoplastic and or a part or all of the graft copolymer together with the
phosphorescent pignent. Suitable concggtrates conpri s | east 5 % by

et gt of Theri 1o AR SR (e BFRRIE D dhe! CRinpE e BUCaRG SRTPIRE!S
cont ai ni ng aﬁ%ﬂrlaﬁerw?bﬂlmlamns APQR@@%&?&%M aﬁlt&@%ﬁpds@s sfTPRLtigged. Such

concentrate will be preferably introduced |n the conposition during the
extru5|oﬂBpnmﬁbasn(mmenhadﬁedhﬂmln%ﬂﬂmnlt) using a side feeder. bjects
made out of the conpositions of the invention The resin fornulations from
t he conmpogi.tions of t.h ntion are, for instance, suitable for making
objects t %Y“%% agleﬂggﬁnrﬁ%éﬂbv}catlons such as busi ness equi pnent,
conput ers and peripherals, consuner electronics, telecom (cell phones,

personal phltpresspslytsitghendiA ehibssatelevitle esx)qledurmrmeg}awwmﬁ 20e9(G0ndust ry
(knobs, dashboards and reflectors), and hel mets where the physical
properties

of ol rbonate are needed and a glowin-the-dark effect is
desired f%968%@ﬁ9ﬁ§% "ﬁﬁdﬂﬁﬁ§@§W]RW6Pﬁﬁ?aﬁgblication woul d be in optical
medi a and especially the non- 17
0.27 parts of pentaerythritol tetrastearate

2.0 parts of Luminova G300X (UMC-Nemoto; median particle size of about 20

microns) previously dried at 260°C for 4 hours.

Polycarbonate resin formulation 1B:

100 parts of poly(bisphenol-A carbonate) with a molecular weight (MW) of 29,900
0.10 parts of 2,4-di-tert-butylphenol phosphite

0.20 parts of antioxidant Seenox 412S

0.30 parts of antioxidant 1076

0.45 parts of poly(alpha-olefin) Ethylflo 166

6.50 parts of MBS Impact modifier (methacrylate-butadiene-styrene copolymer)

2.0 parts of Luminova G300X (UMC-Nemoto; median particle size of about 20

microns) previously dried at 260°C for 4 hours.
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WO 03/ 102110 PCT/ US03/ 15132 information side (disk half that is not
traversed by the reading | aser) of optical disks |ike DvVvD-5 and DVD- 9.
EXAMPLES wBampudieo 1: The fol |l ow ng conpositions were prepacedsoy1imed t

m xi ng the indicated conponents in an extruder. Formulations A and C are
for conparative purposes and fornulations B and D are in accordance with

the | nveni QiLc.fRhYEANDRARIFRAIT bR Bimiofing 00 parts of

pol y(bi sphendl - A carbonate) wth a nol'ecul ar weig (MN of 29,900 0.06
parts of 2,4-di-tert-butyl phenol phosphite (3:1) 0.27 parts of

pent aer yt hoQ pasts of eplydlisehenat-4 cartenpig) with gfmaelestlaroveiglasd o) R4 not o;
medi an particle size of about 20 mcrons) previously dried at 260C for 4

hour s. PO?%\E\A%%RQM g_dq_@%_g?&%%%%%%%tgéﬁElOO parts of poly(bisphenol-A

car bonat e h™ a ‘ol ecul a 9,900 0.1 0 parts of
2,4-di-tert-butyl phenol phosphite 0.20 parts of antioxidant Seenox 412S
0. 30 part 8.20paansf meataataythritb #brabedtbtepart s of pol y(al pha-ol efin) Ethylflo
166 6.50 parts of MBS Inpact nodifier (methacrylate-butadi ene-styrene

copolynmer) 2.0 parts of Lupm a MC- Nenot o; .nedi.an partic si ze of
about ~ 20 %191 %n@ %F‘é’?ﬁ%@b@‘%rﬁ”ﬁggﬁéé‘g@c“}e fa“4p‘f{8§|%ss.1“1§?\i\%f"ﬂf3# 02110
PCT/ USO03/ Anckdrs) pfevR@lsKEdidionakeed Bstiaholiyy mul ation | C was prepared by

m xi ng: 100 parts of poly(bi sphenol-A carbonate) with a nol ecul ar wei ght

(MN of 29,900 0.06 parts of 2,4-di-tert-butyl phenol phosphite (3:1)
Polycarbonate resin formulation 1D:

100 parts of poly(bisphenol-A carbonate) with a molecular weight (MW) of 29,900
0.10 parts of 2,4-di-tert-butylphenol phosphite

0.20 parts of antioxidant Seenox 412S

0.30 parts of antioxidant 1076

0.45 parts of poly(alpha-olefin) Ethylflo 166

6.50 parts of MBS Impact modifier (methacrylate-butadiene-styrene copolymer)

5.0 parts of Luminova G300X (UMC-Nemoto; median particle size of about 20

microns) previously dried at 260°C for 4 hours.

The Ethylflo has been added as a lubricant. After extrusion at 290°C using twin screw .
extruder, the batches were pelletized. The resin pellets were dried 5 hours at 120°C
before molding. Test parts and 2”x3”x0.100” (i.e. 5.1 x 7.6 x 0.254 cm) color chips
were injection-molded at about 300°C. Color chips corresponding to formulations 1A
to 1D were exposed for 15 minutes to a D65 Illuminant in a MacBeth Spectra II light
booth. The glow performances, expressed by the luminance, were measured using a
Minolta LS-100 luminance meter in a custom fixture insulating the chip from the
outside light. Measurements were taken 100 and 200 seconds after the chips were

placed in complete darkness. Luminance data are summarized in Table L
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0.27 parts of pentaerythritol tetrastearate 5.0 parts of Lum nova G300X
(UMC- Nenot 0; nedi an particle size of about 20 mcrons) previously dried at
260C for wolweuoa10 Pol ycarbonate resin formulation 1 D 10@cparsns/15B2

pol y(bi sphenol - A carbonate) with a nol ecul ar weight (MN of 29,900 O0.10
parts of 2,4-di-tert-butyl phenol phosphite 0.20 parts of antioxi dant Seenox
412S 0. t ant jcox] 7 . : ( LKLl n)

Einyl 10 100, PPy I ERbItD i, SinpRLDS 181 GO (APlRe

( met hacr ytatrénpud AGTaMM eregtods endareopmiriedwisp rép@tedan flgblefl. Lumi nova G300X
(UMC- Nenot 0; nedi an particle size of about 20 mcrons) previously dried at

260C for 4. hours. Th thylLfl o has en added..as a | ubricant. r

extrusi ont &”%@%@1%?}}? t*ﬂ%ﬁ”‘é‘@f@w ?Ex%nfiuglgr‘ylﬂf ﬂ?ee %rﬁﬁc‘??ggﬁl\f\neerrgégée%l etized.
The resi %ri%ﬁiet gto%v%r BetF '%ﬁﬁiv gk:rfb?hh%ﬁceazts ih@Rbied lb?ftl@d’ RiniTRdrdt ReluesT@fdr part s
and 2"x3"x0 100" (i.e. 5.1 x 7.6 x 0.254 cn) color chips were

i nj ect i opotinl Yeand20&berendg8AYTh oabl 3% RiaMeR!, fapréaivandt A theon¥eronl at i ons |

A to | D.were _expose ar. 15 mnut i cBeth
Spectra B gl RBRed S pgCeFURER: bR e e hhih MRS e
were neasured using a Mnolta LS-100 | um nance neter in a customfixture

i nsul at i Mhetrbailghif phd plomicahpropeaties iedeng aghespedibhy tireeNeobal lwed eesultken 100
and 200 seconds after the chip Wergr epl aced.in corrgl et e darkness.

Lumi nanc&1agy a ingieats (hita the, egtaft noopgbyraer) alseg inpprts3 Aygislity o1 ¢# USHS) 15132

Physi cal Bi-ARId. & uffcab@bf RorfBlafies 18! 40 HALM iabIGNlId dugrilkla: Wre measur ed
according to M nmet hods and are reported also reportéd in Table I. It is
not ewor t twith sNptdhhé Ifodrimphettviabrréatdd thand 1bffin (420H/mhe graft copol yner have
a brighter glow, i.e. better glow performance as indicated by the

| um nance val ues after both 100 and 200 seconds. Wth only 2% pi gnent,
formulation I B of the invention

20



gives an afterglow al nost twice as bright as a regul ar pol ycarbonate
conposition A The results of the physical properties testing and

especi al |wotohaoNos ched | zod results, clearly indicate thacTiuses/gnaf t
copolymer also inparts ductility to the resin fornmulation. In the case of
formulation | B, the material is even fully ductile at -30C wth a Notched
| zod inp vl ue greater than 8 Ibf/in (420 J/nm. 20 WO 03/102110

PCT/ US03/ 1 132 Table I Property Units Method 1A 1B 1C 1D Lunmi nance after
100 seconds, thickness nCd/ Proprietary 46 97 166 202 2 54 nm Luni nance
after 200 seapedp, th| ckinass |nCvedodr 0 ri etary 25184 94 1C6 |2.84
Tensi | e QtTENE Ther ol | 8 780 { 510 8 750 (7 370 1Type I, |yielrd, [0.1257| (MPa)
ASTM D |638, (8 abs?) (80u/E51) mbdidum) (302 M) Tonsill e 8 ongin, Psi o
230 8 240,8190 Type 1,| break 125" (MPa) ASTM|D 638 ((65) (58) (58)
(55) (qﬁmeaggp%d g &l ong . 1ype I, yjielrd, 0.I25" (3.2 % ASTM D 638 6.9
4.9 5.9 4. 84s MkndLNS| L& dEheN9. pro ryetpcg break, [0. 125" ((3.94 %|ASHY O 638
130 140 500,130 mm) Fl exural Strengt% Psi ASTM D 790 (14 500 (11 900, 14 600
11 700

Tensile Strength, .
Psi 8 780 7510 8750 7 370
Typel, yield, 0.125" ASTM D 638
(MPa) (62) (53) (62) (52)
(3.2 mm) (3.2 mm)
Tensile Strength, .
Psi 9230 8240 8190 7770
Type I, break, 0.125" ASTM D 638
65 58 58 55
(3.2 mm) (MPa) (65) (58) (58) (55)
Tensile Elong., Type
I, yield, 0.125" (3.2 % ASTM D 638 6.9 49 5.9 4.8
mim)
Tensile Elong., Type
I, break, 0.125" (3.2 % ASTM D 638 130 140 100 130
mm) —
Flexural Strength Psi 14 500 11 900 14 600 11 71
! ASTM D 790
0.125" (3.2 mm) (MPa) (102) (84) (103) (82)
Flexural Modulus Psi 346 000 295000 | 361000 | 309 000
’ ASTM D 790
0.125" (3.2 mm) (MPa) 5 (2 440) (2 080) (2540) (2180)
N. Izod Impact . 14 11
- 3.7 (0% 2.1 (0%
(%ductility), 0.125" ft[ l})/l]n ASTM D 256 [1(96] ) (100%) [1(10] ) (100%)
(3.2 mm), 23°C J/m (742] (583]
Instrumented
ft-lbs 31.6 341 39.7 343
Impact Energy @ ASTM D 3763 43 46 54 46
bk 23 0l [43] 6] | [54 | 4]

N. Izod Impact

. . . 8.3 . 37

g;‘r‘;ﬂ)‘tﬁﬁ 111525 ft[']l% | AsTMD2s6 2?151%]/0) (100%) 1'[91(()(;]/") (0%)

) ! [440] [197]
30°C
Melt Volume Rate, em3/10
300°C, 1.2 kgf, 1” min ASTM D 1238 10.57 12.04 20.22 15.97
(2.54 cm)
HDT, 66 psi (0.45
MPa), 0.125" (3.2 °C ASTM D 648 140.9 115.0 138.6 113.9
mm) unannealed
HDT, 264 psi (1.82
MPa), 0.125" (3.2 °C ASTM D 648 129.0 103.2 127.1 103.4

mm) unannealed
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0.125" (3.2 mm) (MPa) (102) (84) (103) (82) Flexural Mdulus, Psi ASTM D
790 346 000 295 000 361 000 309 000 O0.125" (3.2 m~r) (MPa) (2 440) (2 080)
(2540) (2vB0@p/101M10 | zod I npact ft-Ib/in 3.7 (0% 14 2. 1(0%PCIAIS03/15132
(%uctility), 0.125" [J/ ASTM D 256 (900% (100% (3 2 mm, 23Cnl [196]
[742] [110] [583] Instrunented ft-lbs 31.6 34.1 39.7 34.3 Inpact Energy @

[J] ASTM R [43] [46] [54] [46] peak, 23C N. Izod Inpact 8.3
(Wductlllrﬁg‘ﬁgﬂzs" ft-1b/in ASTMD 256 2.8 (0% (100% 1.9 (0% (00%

(3.2 mw) mnus [J/n] [149] [440] [101] [197] 30C Melt Vol unme Rate, cnB/10
300C, ZTngpolmrbwnate Asnwlf@nrrmza;@nmvese?p@ar@d wig theofollswrg cmposmoen) HDT,
66 psi (0 ASTM D 648 140.9 115.0 138.6 113.9 mm
unanneal ePaO Plﬁfb‘”%%"nref)‘&%s’ﬂl ), 0.125" (3.2 C ASTM D 648 129.0 103.2
127.1 103.4 nmm) unanneal ed 21 WO 03/102110 PCT/ US03/ 15132 Exanple 2: Two

pol ycar bogmpets Fpoly(biophBabRAI caftoniey @ithepseadarwdighti®™M Wbt 2P0y
conposition. Polycarbonate reS| n formulation 2E: 80 parts of

pol y(bi sphenol - A carbonat e a nol ecul r wei 900 20
parts of HoPatsHiPghEpsPieno ér%ﬂ%‘?&?‘é Wi pm e‘H’B"I‘re ‘ﬂg}éfr(m 8%1%12? of 21, 900

9.10 parts of polycarbonate-siloxane copolymer (20% siloxane content mostly D50)
0.11 parts of 2,4-di-tert-butylphenol phosphite

0.22 parts of antioxidant Seenox 4128

0.33 parts of antioxidant 1076

4.60 parts of MBS impact modifier (methacrylate-butadiene-styrene copolymer)
Polycarbonate resin formulation 2F:

80 parts of poly(bisphenol-A carbonate) with a molecular weight (MW) of 29,900
20 parts of poly(bisphenol-A carbonate) with a molecular weight (MW) of 21,900

9.10 parts of polycarbonate-siloxane copolymer (20% siloxane content mostly with a

chain length of about 50 units)

0.11 parts of 2,4-di-tert-butylphenol phosphite

0.22 parts of antioxidant Seenox 412S

0.33 parts of antioxidant 1076

4.60 parts of MBS impact modifier (methacrylate-butadiene-styrene copolymer)

3.0 parts of Luminova G300FFS (UMC-Nemoto; median particle size below 2

microns) previously dried at 260°C for 4 hours.

22



9.10 parts of pol ycarbonate-sil oxane copol yner (20% sil oxane content nostly
D50) 0.11 parts of 2,4-di-tert-butyl phenol phosphite 0.22 parts of

ant i oxi dawpD 0saexiox 412S 0. 33 parts of antioxidant 1076 4P6@/ysas/id3nf MBS

i npact nodifier (methacryl ate-butadi ene-styrene copol yner) Pol ycarbonate
resin formulation 2F: 80 parts of pol y(bisphenol-A carbonate) with a

mol ecul ar s j&! GhtsiohUY 2@°Cagxxr%oaotw1ggcr9@rekﬁu&gr ﬂh@'b)({cﬁéss\pé}@'bgiletﬁeﬁaﬂﬁonat e)

with a nol ecular weight (MN "0 900 9.10 parts of
pol ycar bonanepslidtsomwe dopdl §/rrlmcrur( Z@Wd%@ﬁ%%@ﬁ@ecmmg rT@Stt Ipgrig &l & chai n

| engt h of ,,about nits ar f 2, 4-di-tert- but I osphite
0.22 parts* g AT rdén%6§‘eé#(§g Tbely §]§’p|soav¥?r% e 2{‘ dan o056 4 60
parts of mscmmaia& Ggp@bridssdsn Nﬂ%ewﬂraﬁfnmbmleafbwteaah@a@edsfoynsnﬁnmmlayner) 3.0
parts of Lum nova O0FFS (UMC- Nenot o; _nedi an particle size bel ow 2

m crons) BPeeillgmsnant o108¢ lzb}t() Jgoe MeeBathh Speara 212 abt obgotlp2 The glow
PCT/ USO%%%% q“g,{&;r%éédrgg' QN AindR0 G ,ngas@réd%&éggy%ﬁwsuﬂﬁf the

bat ches re perll resin pellets were d hour s”at 120C
bef ore mougiingce Aedk ipactsoantkturd insdlaxifl 1Chiff Fom the Gutbide 1igh254 cn) col or
chips were injection-nolded at about 300C. Col or chips corresponding to

formul ati on 2F were exposedfor es tag a 5 LLIum nant (1000 | ux
in a MacBabRIcahBEPEEIs |of| Pajist mﬁbjégﬁrr%“f’ é’“BP]SRPn;}LEPG nt&Y, mg%blﬁ sed by)
the | um nARGRn MBS TRFSUNGE MalaRGald MhoRtd @ Tab1elQ0 | uni nance meter in a
custom fixture 1nsulating the chip fromthe outside |light. Physical

properties of parts nolded fromfornul ati on 2E and 2F were neasured
accor di nglt noIsABT Woted tthes dbipamaolded framsiormelsben @b exhibitabsteong|initipt glowst be

noted t ha(ttypqpalllpsgrg?erqﬁan { 686” (f)dynq%ltﬁétlcl%cregses %X&J)n% ﬁal%r ek Q&Qrél ﬂbﬁlls.al gl ow

After 10 minutes in complete darkness, the glow (expressed by the luminance of the
light emitted from the part) is still about 30 mCd/m?, which exceeds the requirement
defined by the European Standard DIN-65310 for phosphorescent safety devices.
After five hours, the light emission from the face of the color chip is still greater than
0.3 mCd/m? which is still 100 times greater than the visible threshold for the human
eye (0.003 mCd/m?). The glow is therefore visible in complete darkness even 5 hours
after the removal of the light source that activated the phosphorescent part. In
summary, such formulation easily meets the European Standard for both glow

intensity and glow duration.

The low temperature ductility of such formulation is exemplified by a Notched Izod
impact greater than 11 1bf/in (585 J/m) at -30°C and full ductile failure at -40°C upon
instrumental impact testing. This clearly indicates that this material is suitable for
applications where both a strong glow and enhanced physical properties are required,

as for example a phosphorescent helmet.
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(typically greater than 1,000 nCd/ n2) that decreases exponentially over
several hours. After 10 mnutes in conplete darkness, the gl ow (expressed
by the | uwomaneri®of the |light emtted fromthe part) is ®CTiusoabsast 30
nCd/ n2, whi ch exceeds the requirenent defined by the European Standard

DI N- 65310 for phosphorescent safety devices. After five hours, the |ight
em ssi on ”Hlﬂﬂlthe face of the color chipis still greater than 0.3 nCd/ n2
which is sti 100 times greater than the visible threshold for the hunman
eye (0.003 nCd/nP). The glowis therefore visible in conplete darkness even
5 hours J|after thermpsrgval of the |ungisat sSouMethodhat acii vafed 2Fhe
phosphor eSEENe sHex h le eI lglldnur S@gh 1 ornul ati on| €asdghy Meeigsot Ne
Eur opean |3§88dakchd0 g ow | i pirexsi {y*°AMP §opw dypt i on. (sThe || ow

t enper at rf‘engl}é%yelkgtﬂyf leﬁxlgg;m formulpglion i s _exenplifdmd DY & 490t ched | zod
i mpact griepher sbhah) 1 11bf/in (585 Mba)  at*STBOESHEnd sl diict jebpe failﬁre at
-40C upon t Ll lgpq)cl%résung Mis cltearly i ndicates that this
mat eri al %ﬁ%ﬁ%&%ﬁ h%or}l appl i cati ohs whe¥SEMJBEH & stdong gI % and
enhanced pmgscﬂecE%n PRORArtLaS arg required, —as for[exanpl e Emosphorescent

hel met . 23 MB @3/,50211 o PCT/ USO3 15182 TASTMR®Popdfty Uni t hod 2E

2F TensifFe Strengttr, et dpgiPST [ASTM D 638 439810 @bEho 0. 125"

(3.2 m) [W}alﬁgﬁ]gﬂ[ 8215 (Wen@ | le gqunm H\STWBE‘»’Q brgak, |PsjooASTM D 638 9

240 8 4600125 &IVI-’aj [OP}; [00] _Tensil € EsQ0@- | 3xpeol| Vield,

0. 125" %A@EF‘IVF@NB’QBWGOGZ@ @ 2 b TeNNSTM BV Shg. » Dype || o avpak, % ASTM
)]

D 638 127 {3870 y(mwmm@ AreofdRl BTGk D, V- d4bes]( - £.0088 [PSi ASTM

D 790 13 2&Qk,123°c800 ‘ 0] 3763 (100%) | (100%)
Instr. Imp. Energy (%ductility) @ ft-lbs ASTM D 55.3 [75] 45.8 [61]
peak, -40°C [J1 3763 (100%) (100%)
N. Izod Impact (%ductility), 0.125" ft-lb/in 14.9 [790] | 14.9 [790]

ASTM D2
(3.2 mm), 23°C [J/m] STMD 256 (100%) (100%)
N. Izod Impact (%ductility), 0.125" ft-lb/in 13.0 [690] | 11.7 [620]
ASTM D 256
(3.2 mm), -30°C [J/m] (100%) (100%)
N. Izod Impact (%ductility), 0.125" ft-Ib/in 12.9 [685] | 11.5[610]
ASTM D 256
(3.2 mm), -40°C [J/m] (100%) (80%)
Melt Volume Rate, 300°C, 1.2 kgf, cm3/10 ASTM D
; 6.78 9.43
17 (2.54 cm) min 1238
HDT, 66 psi (0.45 MPa), 0.125" (3.2 oC ASTM D 648 138.7 1373
mm) unannealed
HDT, 264 psi (1.82 MPa), 0.125 oC ASTM D 648 124.8 123.1

(3.2 mm) unannealed
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[MPa] [93] [90] Flexural Mdulus, 0.125" (3.2 nmm) Psi ASTM D 790 315 000
318 000 [MPa] [2 220] [2 240] Instr. Inp. Energy (%uctility) Q Ft-1bs
ASTM D 50wo opa@i11el7. 0 [ 64] peak, 23C [J] 3763 (100% (10@¢x/usbsisiiz2 | np.
Energy (%uctility) " ft-1bs ASTM D 55.3 [75] 45.8 [61] peak, -40C [J]
3763 (100% (100% N. lzod Inmpact (%uctility), 0.125" ft-1b/in ASTM D 256
14.9 [ 7904 zblg3[790] (3.2 m, 23C [J/mM (100% (100% N. Izod I npact
%juctllltya) 0.125" ft-Ib/in 13.0 [690] 11.7 [620] (3.2 mm, -30C[J/nm
ASTMD 256 (100% (100% N. lzod Inpact (%luctility), 0.125" ft-Ib/in 12.9
[ 685] 11.13\»/@6120115of(}&lz:anbr)n,at&amd@P{MNﬁCmsnawct)aszf%lomoowo (80% Melt Volune
Rate, 300C, 1.2 kgf, cnB8/10 ASTM D 6.78 9.43 1" (2.54 cm) mn 1238 HDT, 66
psi (0.45.MPa 0 125" (3.2 C ASTM D 648 138.7 137.3 mm unanneal ed HDT,
264 psi (1 B 0. 125" C ASTM D 648 124.8 123.1 (3.2 mm unanneal ed 24
WO 03/ 102110 PCT/ US03/ 15132 Exanmpl e 3 Two bl ends of pol ycarbonate and SAN
wer e prepenagshlas’ AandovB:  Conpositions Exanples 3 A and 3 B: 26 parts by
wei ght of a pol ycarbonate derived from bi sphenol A with a nol ecular wei ght
gr S éh/lévl)’leQ Ag%?st P;fgveﬂﬁ%{t ;)%Lﬁbéc?]ycar Qr;[ateOfderlve%Oferl%ablsp er%leAdvslrtllq \ellergolfe(r:u ar

weight of (Mw) 29,900;

48 parts by weight of a polycarbonate derived from bisphenol A with a molecular
weight of (Mw) 21,900,

13 parts by weight of a styrene-acrylonitrile copolymer with a acrylonitrile content of

about 25% by weight;

13 parts by weight of a graft copolymer with about 50% by weight of a butadiene
graft base upon which styrene and acrylonitrile have been grafted in a weight ratio of

about 4:1.

parts by weight of anti-oxidant 1076;

parts by weight of penta-erythritol stearate;
parts by weight of a phosphite stabilizer; and

3 parts by weight of a phosphorescent: Luminova G-300F in case of example 4A and

Luminova G-300M in case of example 4B.
Examples 3 C and 3 D:

29.77 parts by weight of a polycarbonate derived from bisphenol A with a molecular
weight of (Mw) 29,900;

55.29 parts by weight of a polycarbonate derived from bisphenol A with a molecular
weight of (Mw) 21,900,
25



wei ght of (Ma) 21,900, 13 parts by weight of a styrene-acrylonitrile
copolynmer with a acrylonitrile content of about 25% by weight; 13 parts by
wei ght ofwa ognedfito copol yner wi th about 50% by wei ght of aPlootizsds/esnie2 graft
base upon which styrene and acrylonitrile have been grafted in a wei ght
ratio of about 4:1. parts by weight of anti-oxidant 1076; parts by wei ght
of penta-grgut bri.t . e e ! tlizer;
and" 3 par e b S A SO o SRS
exanpl e 4Boatrab% bymeigva G 300M i n case of exanple 4B. Exanples 3 C and 3
D: 29.77 parts by weight of a polycarbonate derived from bi sphenol A wth a
mol ecul ar i ght of 29,900. 55.29 parts by weight of a polycarbonate
deri ved fWH%MMHBFWWC@Ht g&r%l ecul ar wei ght of (Mw) 21,900, 25 WO

03/ 102110 PCT/ US03/15132 14.94 parts by weight of a styrene-acrylonitrile
copol ymerpawk bl vaei St YF pélRa-eBMraBE stédratepbout  25% by wei ght; parts by wei ght

of anti-oxidant 1076; parts by weight of penta-erythritol stearate; parts
by wei ght of a phosphite stabilizer; and 3 parts by weight of a

phosphor e8eehy Weightiohd Phosghipeipbilizerc a3k of exanpl e 4C and  Luni nova G 300X
in case of exanple 4D. The conpositions conpounded on a tw n-screw extruder

at _around %ﬁ&%ﬁ%gmp@# 4 @gds?l%jrescgﬂ@ LR S8Vadb- 3088 i@EJs@%f %gimgle igusR at 100C

before nolding - intd disc di aneter 12cm thickness 3.2cm, with a barrel

t enper at Uneniabv26BD0XTineash cfezampleetD.
The compositions compounded on a twin-screw extruder at around 260°C and
pelletised. The material was dried for 2 hours at 100°C before molding into discs
(diameter 12cm, thickness 3.2cm), with a barrel temperature of 260°C. The discs were

prepared for measurement and tested as described in Example 1. Each measurement

was been performed twice and the average values are presented in Table 111

As can be seen from Table Il the compositions of example 4A and 4B (which
comprise a graft copolymer) have a strongly improved luminance as compared with

the compositions of examples 4C and 4D.

Table 111
Example | Luminance CIELAB

mCd/m2 color

after coordinates

100 sec 200 sec 5 min 10 min L a B
3A 180 99 69 35 76.431 -3.136 6.862
3B 173 95 66 36 74.725 -2.102 7.901
3C 118 66 47 25 55.232 -0.570 1.552
3D 121 66 46 25 53.564 -0.040 2.104
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prepared for measurenent and tested as described in Exanple 1. Each
measurenment was been perfornmed tw ce and the average val ues are presented
in Tabl e wWOb3/1¥1can be seen from Table 111 the conpositi @ag/usbs/exnanpl e 4A
and 4B (which conprise a graft copolyner) have a strongly inproved

| um nance as conpared with the conpositions of exanples 4C and 4D. Table
11 Exa ] r t i 1elP@ sec 200
Soc 5 o PG ERTIANGE Rt e B iR 30 B e I I S 66 36
74. 725 - Fra@2hg 490 sho8Cil Tebl16 611 47d T8bISZVIBean I &polutied Smt E3mnpizs 366 46 25
53.564 -0.Q4 .10 26 WD 03/102110 PCT/ US03/ 15132 he resylts of the
physi cal af’gs}oq ﬁ@%é’%éﬁﬁ@é”%‘ﬂ“toﬁ lgﬁr%vregq?‘glb%etsf%‘&eiaﬁg‘l*%’f%veﬁ\}.mp 3% om t he
dat a showohdiidailefteldonpafhtiVabidpits3¢ an€3D. be concl uded that Exanpl es 3A
and 3B both show a conbi nati on of i nproved | um nescence and i nproved i npact
properties over the conparative sanples 3C and 3D. TABLE IV Property Units
Met hod SATABLEAV3D Tensile Strength, Type |, yield, 0.125" Psi ASTM D 8061
8038 9284 9274 (3.2 mm [MPa] 638 [57] [57] [66] [66] Tensile Strength,

Type |, break,—0- 25" psi—ASTM O 6718 4784800 919 s63]2 . yPR] 638
) : ] h 3 3¢ 1. 8B
[47] [ 47154 [5\??"?&?5:13; Fe—EHohg—Tytpe o yieto 10 T RN S m)
1% 638 4.0 sBengeh, 30pSL, 30d, 0.125" | Psi | ASTMD | 8061 | 8038 | 9284 | 9274
(3.2 mm) [MPa] 638 [57] 571 | [66] | [66]
Tensile Strength, Type 1, break, 0.125" Psi ASTMD | 6718 6719 | 7209 | 7516
(3.2 mm) [MPal] 638 [47] [47] | 511 | [53]
Tensile Elong., Type ], yield, 0.125" ASTM D
(3.2 mm) % 638 490 | 492 | 530 | 5.30
Tensile Elong., Type |, break, 0.125" ASTM D
(3.2 mm) % 638 69.74 | 100.41 | 74.01 | 65.30
ftlb/in | ASTMD | 438 | 404 | 134 | 118
N. Izod Impact, 0.125" (3.2 mm), 23°C | [J/m] 256 [232] | [214] | [71) | [62]
N. Izod Impact, 0.125" (3.2 mm), - ft-lb/in | ASTMD | 222 | 203 | 1.14 | 113
30°C []/m] 256 [117] | [107] | [60] | [60]
N. Izod Impact, 0.125" (3.2 mm), - ft-lb/in | ASTMD | 1.87 | 1.92 | 111 | 119
40°C [J/m] 256 [991 | [102] | [59] | [63]
Melt Volume Rate, 300°C, 1.2 kgf, 1”7 | cm3/10 | ASTM D
(2.54 cm) min 1238 | 22.606 | 21.033 | 30.652 | 31.258
HDT, 66 psi (0.45 MPa), 0.125" (3.2 ASTM D
mm) unannealed °C 648 1324 | 132.3 | 133.3 | 133.5
HDT, 264 psi (1.82 MPa), 0.125" (3.2 ASTM D
mm) unannealed °C 648 114.5 | 1138 | 117.7 | 117.6
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Tensile Elong., Type |, break, 0.125" ASTMD (3.2 nm % 638 69.74 100. 41
74.01 65.30 ft-Ib/in ASTMD 4.38 4.04 1.34 1.18 N. lzod Inpact, 0.125"
(3.2 M) ,wp3Gnp2hery 256 [232] [214] [71] [62] N. Izod | npaatysod1sdd” (3.2
mm, - ft-Ib/in ASTMD 2.22 2.03 1.14 1.13 30C [J/nm 256 [117] [107] [60]
[60] N Ilzod Inpact, 0.125" (3.2 mm), - ft-Ib/in ASTMD 1.87 1.92 1.11

1.19 400Gyl Tis 2561189 14:102] [59] [63] Melt Volume Rate, 300C, 1.2 kgf,
1" cnB/ 10 ASTM'D (2.54 cm) min 1238 22.606 21.033 30.652 31.258 HDT, 66

psi (0.45 MPa), 0.125" (3.2 ASTM D nm unanneal ed C 648 132.4 132.3 133.3
133.5 HOT, A2iBrmeplasticicagupayiign, compis®e: (3. 2 ASTM D nm) unanneal ed C 648
114.5 113.8 117.7 117.6 27 WD 03/102110 PCT/ US03/ 15132 WHAT IS CLAI MED

IS 1. A L it | SL0Y; = % i gh f
e o L AN

a graft copol yner conprising a rubbery graft base upon which one or nore
mononer s hay &, bgercighitafftaeghaft tchpolgmantompresngh riherpgohfi tse mpomgvhidal cul at ed

with respect to the sum of conponent (a) and (b). .taken together;.and c)a
phosphor e¥eft HATGBARON'E H2XR Setnete B 94%%18%@5(%&%3%%&%?% " Whi ch
M is at |ea%diePRENhTRDEL Bgtlﬁ@ﬂltofsc%hﬁ%hé}ﬂ Ay RGN @K RUAKEORSd Sting of

calcium strontium and barium wherein A Trepresents an alum nate group.
2. The thernoplastic conposition of claim1, wherein said conposition has a
di ffuse d)aghosphpeesesmt pighent with ke gkimihzip nROiveyEesedbnyl-0d IASIIDY003 on

parts w tgtafl @a%gqi{%ﬁcﬁ%sl?e&%en?gggéteg fr%ﬁn me lglréur]r_)eéo%gis{fﬁ)é S'Féllc‘?h‘ﬁq, aionttit]ﬁ]

t her mopl @
and barium, wherein Al represents an aluminate group.

2. The thermoplastic composition of claim 1, wherein said composition has a diffuse
light transmission of less than 20 % according to ASTM D1003 on parts with a

thickness of about 2.54 millimeter molded out of the thermoplastic composition.

3. The thermoplastic composition of claim 1, which comprises as component (a) a

polycarbonate resin.

4. The thermoplastic composition of claim 1 comprising as component (a) a blend of
at least 60 % by weight of polycarbonate resin and not more than 40 % by weight of
one or more other thermoplastic resins, wherein the percentages have been calculated
with respect to the sum of all the polycarbonate resin and the other thermoplastic

resins.

5. The thermoplastic composition of claim 1 comprising as component (a) a blend of
a polycarbonate resin and a thermoplastic resin selected from the group consisting of

a thermoplastic polyester resin and a siloxane polycarbonate block copolymer.

6. The thermoplastic composition of claim 1 wherein the graft copolymer agent (b) is
obtained by grafting one or more monomers on a rubbery base having a glass

transition temperature below 25°C.

28



3. The thernopl astic conposition of claim1, which conprises as conponent
(a) a polycarbonate resin. 4. The thernoplastic conposition of claim!l
conpri si ngoas/icanponent (a) a blend of at |east 60 % by wergrsn3/ofi32

pol ycarbonate resin and not nore than 40 % by weight of one or nore other
t hernopl astic resins, wherein the percentages have been calculated wth
respect to The ugubphstdl &orf#it%it%' CARRONALRefBS ke gl JOBGIfyﬁ{eth) is a
thernoplastic resins. 5. The thernoplastic conposition of claiml

conpri si nprodsctcdpoeehy grafjing abmethdcryfate ang@hyarempion atre! masiomen s &
thernopl astic resin selected fromth ro consisting of a thernoplastic
pol yest erru&’h%riyr?a%(ﬁalg%gﬁ C()O%é[f{és”}gowt gjre \(/)eﬁ]g %mﬁldz%% copolynmer. 6. The

t her nopl astic conmposition of claiml| wherein the graft copol yner agent (b)
i's obtai siethdheghablhdtiegonipesi€ion oDEIRInTD 0OMPriSingn a rubbery base having a
glass transition tenperature bel ow 25C. 28 WO 03/102110 PCT/US03/15132 7.
The thernmopl astic conposition of claiml1, wherein the graft copol yner (b)

is a protdrdok wWeghiyf ormpepsH§®a met hacryl ate and an aromatic vinyl
nononer on a rubbery base, said base conprising units derived froma

di ene. 8. p)Ifgrethal MIPbRIEicht SQRRPDNEMQD); @hdCl @i m | conprising : a) 50-98 %
by wei ght )of r(?orrponent)a(a)g:Fl b) nore tga)n | % by wei ght of conponent (b);
and c) nore than 0.01 % by wei ght of conponent (c), wherein the (r}uanti ties

of (a), (®)moeniday )01t Bklen weadjerhepmaenent (0, whpsgimiicgtiantities f @bribknt rat e

suitable fo Lng t her astic conposition of claim1l, conprising:
a) a ther%dé)ch%fk(%%rggggﬁgrgﬁog@gt’ rélvgi’c-%]l' thernopl astic resins or b) a graft

copol ymer conprising a rubbery graft base upon which one or nore nonomners
have been9. gr adricentratangitable for making the thermoplastic composition of claim 1,

comprising:

a) a thermoplastic resin or a blend of thermoplastic resins or b) a graft copolymer
comprising a rubbery graft base upon which one or more monomers have been

grafted; and

¢) a phosphorescent pigment with an aluminate matrix expressed by M-Al, in which
M is at least one metal element selected from calcium, strontium and barium and Al
represents an aluminate group, in a quantity of at least 5 % by weight, calculated with

respect to the total quantity of (a) and (b) together.
10. The concentrate according to claim 9, comprising:
a thermopolastic resin or a blend of thermoplastic resin, and

a graft copolymer comprising a rubbery graft base upon which one or more monomers

has been grafted.

11. Objects molded out of the composition of claim 1.
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c) a phosphorescent pignent with an alum nate matrix expressed by MAI, in
which Mis at |east one netal elenent selected fromcalcium strontium and
bari um amndoAB/1071epr esent s an al um nate group, in a quanti trgTafSoaisiBeast 5 %
by weight, calculated with respect to the total quantity of (a) and (b)
together. 10. The concentrate according to claim9, conprising: a

t her mopol gStg. &5 18fic @%rﬁg PlccbIGTIBRIARS, WHeRSH the BRfYoSGH Bl

copol ymer conprisin ru ry graft base upon which one or nore nonomers
has been zgn@tf:h@tjlzodimpmjsemgth pododdidg ot STM ThasSe ofgtdsast ilOt-b¥inchat m 1. 29
WO 03/102110 ,PCT/ 3/15132 12. The thernoplastic conposition according to
claims, 3RAETFS LS mosition has a notched |zod inpact strength
according to ASTM D 256 of at least 10 ft-Ib/inch at =zero degrees Cel sius.
13. Obj ects OB choddtd dik of he coRpPPatbisd sheki@f12c] ai m 12. 14. A nol ded obj ect
of claim 13 wherein said object is used as a helnet. 15. A nol ded object of

claim 13 wherein said object is used for personal protection. 16. A nol ded
obj ect of 14| Ainaldsl %@ﬁ@fﬁa@aﬂaw@m@wa@ gbjgeldd usedras adelRst appl i cations. 30

15. A molded object of claim 13 wherein said object is used for personal protection.

16. A molded object of claim 13 wherein said object is used for safety applications.
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