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jel entio

The invention relates to fluorescent coloring. Specifically, the invention

relates to providing fluorescent yellow articles.

3ackgro e Inve

It is commonly known that fluorescent ciolors provide increased visibility
for visual signaling under most lighting conditions, but particularly under low .
natural lighting conditions. These low natural lighting conditions occur at dusk
and also at sunrise and present a challenge for traffic sign manufacturers. If -
increased visibility of an article is desired, the article is often colored with
fluorescent colorants. Fluorescent colors allow enhanced visibility because the
visual contrast that the fluorescent colors create with the environment make the
materials more conspicuous than ordinary non-fluorescent articles. Fluorescent
colored traffic signs are effective at increasing the visibility of the signs which
increases motorist safety. |

Even though fluorescent signs increase motorist safety, their use for yellow

| signs has been limited due to the difficulty to obtain a true fluorescent yellow. To

date, fluorescent colorants are available in only a limited range of hues. For
example, fluorescent colorants are commercially availablé and include fluorescent
red, fluorescent orange and fluorescent yellow-green. Hd\ivever, a true fluorescent
yellow which meets the chromaticity requirements of Commission Internationale
de I’eclairage (CIE) and ASTM is not readily available. As is known in the art the
CIE provides international recommendations for surface colors for visual signaling.
Formulating colors using ordinary or cbnventional colorants is well known.

Ordinary colors do not emit light. Therefore, when formulating colors with
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ordinary colorants, the important parameters to consider are the light-absorptive
and light-reflective properties of the colorants. On the other hand, fluorescent
colors do emit light. Thé:rcforc, when 'l'ormuleti,:ng with fluorescent colorants, the
important parameters to consider are the li ght;absorptive light-reflective and light-

emissive properties of the fluorescent colorants: Due to this distinction between -

_ordinary and ﬂuorescent colors, an added con31deratlon is necessary when

formulating colors with’ ﬂuorescent dyes

The art of formulatmg colors from ordmary colorants is well-developed
For cxample, it is known that a mixture of blue colorant with a red colorant will
give a purple color. Hoi;;(cVer, the art .o,f' t'_onmiléting colors.from fluorcscent
co_lorants is not well-defined. U.S. Patent Numoer 4,443,226 issued to Rohser
describes combining thidindigo and/or d'erivati\r_cs of the rcd and ptnk series of
thioindigo with speciﬁc'?yellow disperse'd'yestuffs to obtain a shade of fluorescent
orange-red as requlred to meet color point, luminance and fastness to ]1ght

The need cxlsls I'm Muorescent ycllow .uhclcs such as those uscful R)l
visual signaling, for example traffic signing. The art docs not currently possess

such fluorescent yellow artlcles nor an obvrous way to achleve them.

The visibility of an objectis a functlon of the visual contrast between the
object and the background or surroundmgs against which it is viewed. Research
indicates that both lummance contrast and color contrast determme the visibility of
objects in the env:ronment for example traffic sngns on the roadway. The terms

“visibility” and * consplcux_ty are often, and mcorrectly, used interchangeably in
general usage. Technicet']y, ‘visibility” refers to an ob]ect s threshold of detection.
It is most often deﬁned. m terms ot’ the distance at which the object can just be |
differentiated with certai_nty from its surroundings by an observer actively
searching for the object. T he term “conspicui_tyff refers to_: the ease with which an
object is discovered. A conspicuous object has the apparent capacity to attract an

observer’s attention - even when they are not actively searching for nor expecting
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the object to appear. Conspicuity 1& a functic'm”of the magnitude of the contrast
between thé object and _t_j_;mg__.background. Objects becomgég;:qr_.e conspicuous, more
prominent in the visuai'_fie.ld, as their contrast to the surrqundings increases. In
general, an object’s viS_iﬁility, and conspicuity, increases as its luminance and
saturation (color intens'iz_t:y) is increased relative to the surroundings. In complex .
visual environments, “?isibility” and “conspicuity” represent a hierarchy of visual
perception. It is possible for an object to be visible, yet not conspicuous.
However, it is impossible for a conspicuous object to be anything other than highly
visible. _

Numerous studies have demonstrated that the basis for the superior daytime
visibility performance of fluorescent signal colors is their high luminance relative
to the surroundings. The luminance of an ordinary colored material is determined
by the efficiency with which the material reflects incident daylight. However, the
luminance of a fluorescent specimen is the sum of two quantities -- the luminance
duc to reflected h ght and Ulc luminance duc to fluorcscence (re-emitted light).
Fluorescent luminance plays the central role in the high visibility properties of
fluorcscent matcrials used for visual signaling. Onc can consider fluorcscence to
be a mechanism that increases the efficiency of a colored material to convert the
available solar energy into luminance. An important property of fluorescent
materials from the visual signaling point of view is that their greatest relative
luminance (highest luminance contrast), and thus greatest visibility and conspicuity
performance, dccurs under poor daytime visibility conditions when the need is
greatest, for example, during twilight or rainy and overcast conditions. For safety
signing applications, such as highway warning signs, high visibility under poor
visibility conditions is extremely desirable.

The invention provides fluorescent articles which have a yellow color with
chromaticity cobljdinates within the CIE and ASTM requirements and with the
required fluorescent luminance for visual signaling. Each article is comprised of a

polymeric matrix and a blend of at least two different dyes selected specifically for
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the polymeric matrix which is used in the article. Also provided are fluorescent
yellow retroreflective sheeting and methods of manufacturing such sheeting.
Accordingly, thc prcscnt mvcntlon in its first aspecl is a fluorescent yellow
article including a polymenc matrix; an N N'—dlsubstltuted 3,4:9,10-
perylenebls(dlcarboxlmgde) dye; and a ﬂuorescent yellow-green dye, the dyes
being soluble in the polyin'eric matrix, and the article haying chromaticity
coordinates (x,y) within the area defi ned by (0 425,0. 480) (0 465 0.535),

1(0.557,0.440) and (0. 500 0 410) in terms of the CIE 1931 Standard Colonmetnc

System and measured | usmg 0/45 |Ilummatlon/v1cwmg geometry (or equivalent
45/0) and evaluated w1th CIE Standard Hluminant D65 and a ﬂuorescence
luminance factor of greater than 5. '

A second aspect of the present invention isa ﬂuor'e_s_cent retroreflective
article which includes a color layef hauing first and second sides, the article
comprising retroreﬂectlve elements on one side of the color layer or a
retrorcflcctive base sheet dlsposcd on onc side ofthc color layer and including the
above—def ned ﬂuorescent yellow article. |

A third aspect of thc present invention is a method of manufacturmg a
fluorescent yellow amcl_e which includes the steps of blending an N,N'-
disubstituted 3,4:9,1 OQpctylcncbis(dicarbOXimid'c) dyc and a fluorescent yellow- .
green dye in'a polymeric matrix to form a solid solution; 'a_n.d extruding the solution
to form a film, which ﬂlm includes a fluorescent yellow aﬁiole containing a
polymeric matrix; an ].\f,N.'-disubstituted 3,4:9,1 O-pcrylcncbi;S(dicarboximide)'dyc;
and a fluorescent yellowfgreen dye, wherein the dyes are s:oluble in the polymeric
matrix, and the article 'has chromaticity coordinates (X,y) within the area defined by
(0.425,0.480), (0.465,0. 535) (0.557.,0.440) and (0.500,0. 410) in terms of the CIE
1931 Standard Colorlmetrlc System and measured using 0/45 geometry and
evaluated with CIE Standard Tlluminant D65 and a ﬂuorescence luminance factor

of grecater than §.
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scripti h

The invention is further explained with reference to'the drawings, wherein:

FIG. 1 is a cross-sectional illustration of a portion of one retroreflective
embodiment of the invention;

FIG. 2 is a cross‘sectional illustration of a portiofi 6f another retroreflective
embodiment of the invention;

FIG. 3 is a cross-sectional illustration of another retroreflective
embodiment of the invention; and

FIG. 4 is a CIE 1931 Chromaticity diagram defining the area of color space

defined herein as yellow.

| etailed Des

Definiti

As referred to herein, the term "colorant” shall mean pigment or dyes or
other sﬁbstances used to impart hue and chroma and value to an article.

As referred to herein, the term "conventional colorant" or "ordinary
colorant" are used .interchangeably herein and shall mean colorants which do not
exhibit .ﬂuorescent properties. _

As referred to herein, the term "dye" shall mean substances which impart
color to a substrate by selective absorption of light. Dyes are soluble and/or go
through an application process which, at least temporarily, destroys any crystal
structure of the color substances. .Dyes are retained in the substrate by absorption,
solution, and mechanical retention, or by ionic or covalent chemical bonds.

As referred to hérein, the term "fluorescent dye" shall mean a dye which
absorbs light at a first wavelength and emits a second wavelength which is longer
than the first wavelength. |

As referred to herein, the term "yellow". shall mean the color which is
within the area defined by the four CIE chromaticity coordinates plotted and shown
in Figurc 4 and in terms of the CIE 1931 Standard Colorimetric System and

measured using 0/45 geometry and evaluated with CIE Standard Illuminant D65:
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M 4
500 410
425 : 480
465 535
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Preferably, the area is defined by chromaticity coordinates (x,y): (0.425, 0.480), -

(0.465, 0.535), (0.557, 0.440) aﬁd '(O.SOQ, 0.410); more preferably (0.425, 0.480),
(0.465, 0.535), 0.532, 0.465) and (0.480, 0.430); and most preferably (0.440,
0.500), (0.465, 0.535), (0.532, 0. 465) and (0.500, 0.443). The most preferred range

defines highly saturated co]ors

MMLMMMQ

The luminance factor (CIE tristimulus value Y) is a standard measure of the
amount of light (electromagnetic radiant power that is visthly detectable by the
normal human observef) radiating from a surface weighted by the eye's efficiency

to convert the light to luminous sensation. It is defined as the ratio of the total

luminance of a specxmen to that of a pcrfect diffuser illuminated and viewed under

the same conditions. For a ﬂuorescent material, the luminance factor is the sum of

‘two quantities, the reﬂe_cted luminance factor (Yy) and thc ﬂuorcscencc luminance

factor (Y,). The ﬂuqr¢scc:1cc luminancc factor (Y,) is the ratio of the fluorescent
luminance (luminancp...due to emitted .iight) of thé spécinién to the luminance
reflected by a perfect diffuser similarly illuminated and Viéwed. Under any
specified conditions of illumination and {/iewing Y=YR+YF. It is the existence of
fluorescent luminance'(YF>0) whiéh differeﬁtiatés fluorescent color specimens
from their non-ﬂuorescent counterparts and other non-ﬂuorescent high lummance
colored materials. The ﬂuoresccnce lummance factor (Y,) measured under
specified illumination and viewing conditions is a measure of a material's
efficiency to convert a.5§orbed electromagnetic radiant power into luminous

sensation.
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The invention is obtained by combining a fluorescent yellow-green dye
with N,N'-distributed 3;4;_9,10-perylenebis(dicar_boximide) dye in a polymeric
matrix in which the blena of dyes is soluble.

The perylene imide dye component of the fluorcscent yellow article must
not only be soluble in the polymeric matrix but should have a fluorescence
luminance factor (Yy) of greater than 5 in the polymcric matrix to ensure that the
resulting blend with any soluble fluorescent yellow-green dye will have a Y; of
greater than 5.

Such perylene imide dyes are, for example, a component of the formula
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whereinR is
-Cj-20 akkyl
-C3-39 cycloakyl, -
-C-20 akyl substituted by one or more
--OH
~=0C)-¢ akyl

--C—O-Rl
n | '

in which each R1 is independently H or C, ,, alkyl and
cach R2 is independently C, ,, alkyl, C,, alkoxy or halo.

PCT/US98/19989

The term “alkyl” includes straight or branched chain having the above

5 designated number of carbon atoms.

The term “alkoxy” includes straight or branched alkoxy having the above

designated carbon atoms.

The term *“halo™ includes fluoro, chloro, bromo or iodo.
Preferred perylenc imide dycs arc those of formula | where R is 2-

10 hydroxyethyl; n-pentyl; n-dodecyl; n-octadecyl; cyclododecyl; 2,3-

dihydroxypropyl; propyl-2,3-dioctadecylcarbamate; 6-octadecylhexanoate; 6-

octadecythexanamide; 2-ethylphenyl; 2-isopropylphenyl; 2,6-diethylphenyl; 2,4,6-

trimethylphenyl, and 2-methylpentane-5-N-(3,5,5~trimcthylhexamide). More
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preferred are imide dyes of formula I where R is 2-ethylphenyl; 2-isopropylphenyl;
2,6-diethylphenyl; and 254;6-uimethylphenyl. |

| Any ﬂuorescenf yellow-green dye may be used in the present invention as
lbng as it is soluble in the polymer matrix as a blend with the perylene imide dye.
Suitable yellow-green dyes should have an excitation range within 400 to 500 nm,
an absorption range within 380 to 450 nm, and an emission range within 450 to-
550 nm. Thus; any of the above perylene imide dyes may be combined with at
Jeast one fluorescent yellow-green dye such as, for example, Lumogen F Yellow
083 available from BASF of Ludwigshafen, Germany; CI Solveﬁt Yellow 98; CI
Solvent Yellow 160:1; Oraset Yellow 8GF available from éiba—Gcigy of Basel,
Switzerland; CI.Solvent Green 4; CI Solvent Green 5; CI Pigment Yellow 101;
Golden Yellow D-304 available from Day-Glo_of Cleveland, Ohi_o; and CI Solvent
Yellow 131.

The polymer matrix component of the present invention geherally includes
polycarbonatcs, polyurcthancs, polyolcfins, polycsters, polyvinyls, polyacrylatcs,
and blends and copolymers thereof. Since the choice of polymer is dependent on
the solubility of the dyes therein, we have found certain combinations of perylene
imidc dyes and polymer matrix to be best suitablc. The following table and further

description of particularly suitable matrices are illustrative.
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Table
Polymer with  Polymer
: o ~ good * with bad
Dye No. R group in Formula I solubility solubility
1 N,N"-bis( 2-hydroxyethyl) PC,PEST,PU
2 NN-bis( n-pentyl) PC,PEST,PO
3 N,N-bis( n-dodecyl) PC,PO,PEST
4 N,N"-bis( cyclododecyl) PC,PEST PO
5 N,N'-bis( 2,3-dihydroxy-propyl) PC,PEST :
6 N,N'-bis( propyl-2,3-dioctadecylcarbamate) PC,PEST
7 N,N'-bis( 6-octadecylhexanoate) PC,PEST PO
8 N,N'-bis( 6-octadecylhexanamide) PC,PEST PO
9 N,N“-bis( 2-ethylphenyl) PC,PO,PEST
10 N,N'-bis( 2—i$0propylphenyl) PC,PO,PEST,
e : PU
11 N,N'-bis( 2,6-diethylphenyl) PC,PEST
12 N,N"-bis( 2,4,6-trimethylphenyl) PC,PU,PEST
13 N,N'-bis( 2-methylpentane-
5-N-(3,5,5-trimethylhexamide) = PC,PEST PU,PO

PC...
PEST...
PO...
PU...

polycarbonate
polyester ; .
polyolcfin
polyurethane

The following dyes were cvaluated in the polymceric matrices indicated

either alone or in combir!ation with a fluorescent yellow-green dye.

The polyolefin copolymers may include, for example, poly(ethylene-co-

acrylic acid) such as Primacor 3440 from Dow Chemical Company of Midland, MI

and poly(ethylene-co-methacrylic acid) such as Nucrel 699 available from E.I.

duPont Nemours of Wilmington, DE in the present invention with at least one

perylene imide and at least one yellow-green dye. An illustrative example of a

perylene imide dye useful in polyolefin copolymers is Lumogen F240 available

from BASF, believed to be N,N'-bis(2,6-di-isopropylphenyl)-3,4:9,10-

perylenebis(dicarboximide).

10
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Polycarbonate 1sa fnatrix which is useful in the mventmn Particularly
useful are bisphenol A ﬁolycarbonates, such as FCR-2407 5vailable from Bayer
Corp. Perylene imide dyes such as Lumogen F240 available from BASF, believed
to be N,N'-bis(2,6-di_-isopropylphenyl)o3,4f9,10-perylenebis(dicarboxi_mide), N,N'-
bis(octadecyl)-3,4:9,10-perylenebis(dicarboximide), and N,N'-bis(phenethyl)-
3,4:9,10-perylenebis(dicarboximide) are iilustrativc examples useful in
polycarbonate matrices.

Polyester i's a mafrix which i.s useful in the invention. For example,
polyethyléne terephthalates are useful, as are copolyesters, for example Selar
PT7001 and Selar PT8111 available from DuPont Co. Polyethylene naphthalate
polyesters and their copolyfners and blends, for example copolyesters of
naphthalene dicarboxylic acid and isophthalic acid with polyols such as ethylene
glycol or dimcthanolcyclthxahc, may also be uscd. Perylenc imidc dycs such as
Lumogen F240 available from BASF, believed to be N,N'-bis(2.6-di-
isopropylphenyl)-3,4:9,10-perylenebis(dicarboximide) and N,N'-bis(octadecyl)-
3,4:9,10-perylenebis(dicarboximide) é.re useful in polycster matrices. |

Iy i1 € .

Polyester/polycarbonatc alloys (blends) such as Eastalloy DA0OO3 available
from Eastman Cﬁemica] Company, Kingsport, TN is a2 matrix which is useful in
the invention. Perylene imide dyes such as Lumogen F240 available from BASF,
believed to be N,N'-bis(2,6-di-isopropylphenyl)-3,4:9,10-
perylenebis(dicarboximide) and N,N'—biS(octadecyl)-3,4:9,_ 10-
perylenebis(dicarboximide) are useful in these polycarbonate blend matrices.

Polyacrylates

Polyacrylates such as polymethyl methacrylate are useful in the invention.

Examples of polymethyl methacrylates which may be used are Plexiglas V045 and

Plexiglas V825 available from Atohaas, Bristol PA, Perspex CP924 available from .

ICI Acrylics, St. Louis, MO, and Lucite 47K available from DuPont Co.

11
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Polyvinylidine fluoride polymers and blends with polymethyl hethébrylates are
also useful in the invention. Examples are S.o'lef 1010 a_véilable from Sol\}ay SA,
Brussels and its blends with Plexiglas V045. Perylene imi:cie dyes such as
Lumogen F240 avaxlable from BASF, beheved tobe N N’-bls(2 6-di- |
1sopropylphenyl)—3 4:9, 10-perylenebls(dxcarbommlde) and N,N’-bis(2,6-
diethylphenyl)-3 ,4.9,10-p¢ry1enebls(dlcarboxxmlde) are useful in polyacrylate
matrices. B |

Polyurethane

Aromatic and aliphatic polyurethanes derived ﬁ'om' the following
monomers (1)-(3): (1) dfiéocyanates such as dicyt:l6hex'y1methane-4,4'-
diisocyanate, isophorone diisocyanate, 1 6-hexamethylene"di'isocyanate, cyclohexyl
diisocyanate, dlphenylmethane diisocyanate, and combmatlons of these
diisocyanates, (2) polydxols such as polypentyleneadipate glycol,
polytetramethylene ether glycol, polycaprolactonedlol, pqu 1,2- butylene oxide
glycol, and combinations of thesc polydiols, and (3) chail.l"(_:xtcndcrs such as
butanediol and hexanedicfﬂ are useful polymer matrices in the invention.
Commercially available urethane polymers include: Morthane L424.167 and
Morthane PN-03 from M:o_rton.lntemational, Inc., of Seaibfoook, New Hampshire.
Perylene imide dye such as Lumogen F240 available from BASF , believed to be -
N,N"-bis(2,6-di-isopropylphenyl)-3,4:9,10-perylenchis(dicarboximide) is usclul in
such polyurethane matrices. | |

N,N'-Disubstitutéd 3,4:9,10-perylenebis(carboximide) dyes, e.g., those
included in Formula I mé\y be purchased from commerciai sources, or may be
prepared according to wé,l'l known orgaﬁic reaction schemes described in the art.
Two standard procedures were used to prepare aliphatic suBstituted and aromatic
substituted dyes. These are described in the Example section.

Dye Rati ' |

The ratio of the '}'."e.llow-green dye to perylene imid_é dye may vary over a
wide range. In suitablé p_roportioﬁs dye blends of the invention will provide a

yellow fluorescent coloi"_ within the chromaticity coordinates for yellow as defined

12
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above which encompass both the ASTM and CIE limits for visual signaling
yellow. The range of yé;l_ibw-g_reen dye to perylene imide dye to obtain a
fluorescent yellow is in the range from about 100 parts perylene imide dye to 1 part
yellow-green dye by weight to about 10 parts perylene imide dye to 100 parts
yellow-green dye. One skilled in the art will recognize that the actual ratio chosen
will depend upon variables depending upon the intended final use of the invention.
This includes the molecular weight and the absorption characteristics (such as
molar absorptivity) of the specific dyes employed, and also includes product
construction variables such as film thickness if a film is constructed. If the
invention is used in retroreflective sheeting constructions the ratio of the yellow-
green to pcryleﬁe imide dye may also depend upon the use of backing layers used
to achieve the retroreflection such as microspheres, cubes and the like which are
described in more detail below. _

Typically, between about 0.01 and about 2.00 weight percent, and
preferably between about 0.05 and about 1.00 weight percent and most preferably
between about 0.1 and 0.6 weight percent of the fluorescent dye blend is contained
in the article of the present invention. It will be understood that articles with dye
loadings outside this range can be used in accordance with the invention. Although
dyc loading may vary depending upon the final application, thesc loadings arc
typical for about a 0.075 to 0.25 mm thick film. Articlcs having heavicr dyc
loadings will exhibit brighter fluorescence and/or deeper color than will articles
with lighter dye loadings of the same dye. However, articles having very high
fluorescent dye loadings may exhibit a self-quenching phenomenon which occurs
when molecules of the fluorescent dye absorbs the energy emitted by neighboring
fluorcscent dye molecules. This sclf-quenching causes an undesirable decrease in
fluorescent brightness. '

In some embodiments the articles of the invention are films. In yet another
embodiment, these films of the invention are retroreflective. Films of the invention
without opacifying agents such as titanium oxide or calcium carbonate are

transparent. Such capability may be achieved as shown in FIG. 1 by forming

13
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retroreflective elements 20 on second side 16 of color layer 12, or alternatively as
shown in FIG. 2 by attaching retroreflective base sheet 42 to second 36 of color
layer 32, either with transparent intermediate adhesive layer 40 as shown or by
laminating the base sheet and color layer in direct contact with one another (not

shown). Asshown inFIG. 2, retroreflective base sheet 42 comprises a member

. with cube-comer retrore‘ﬂ_ective elements formed on back dee 46 thereof. In other

embodiments, the retror'e_.ﬂective base sheet may comprise a microsphere-based
retroreflective stru:ctur_e,:e.'g., comprising a monolayer of transparent microspheres
and reflective means diséos'ed on the opposite side of the monolayer as the color
layer. For instance, a sc:;cen léyex_’/co]or layer combination of the invention may be
laminated to the front surface of the cover film of an encapsulated-lens
retroreflective sheeting such as is disclosed in U.S. Patent No. 3,190,178
(McKenzie) or it may e\}én be used as the cover of an encapsulated-lens sheeting.
A screen layer is an ovetléy of clear polymer and may or may not include a UV-
absorber and is optional in the present invention. In retroreflective cmbodiments,
the color layer or at lcaét.'t'_hal‘ portion of it which is disposcd in from the
retrorefiective elements, i.c., between the retroreflective elements and the screen
layer, should be substantially transparent to visible light.

FIG. 3 illustrates another retroreflective embodiment of the invention
wherein the article of the invention is a "button-type" retroreflector. Article 50
comprises color layer 52 with first side 54 and second side 56, screen layer 58
disposed to first side 54, and base member 60, with screen layer 58 and base
member 60 enclosing color layer 52. Second side 56 has retroreflective 'eleménts
62 formed therein. Screen layer 58 and color layer 52 can be disposed spaced apart
from one another as shown, or alternatively may be placed in contact with one
another. Article 50 can be mounted on a backing (not shown), e.g., a sign panel,
such that first side 54 is presented for Qiewing and retroreflective effect, with

screen layer 58.

14
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If desired, articles of the invention may be made il;?substantially rigid or

flexible form. For example, in some embodiments, the artlcle may be sufficiently

flexible to be wound about a mandrel having a diameter of about 1 centimeter.

Examples

The following abbreviations are used in the examples:

Abbreviation
(or No.)'
0240

YPPE
YP18

4

6

13
12

11
8

3

2

G961 A
L083
SY98
SY160
O8GF
SG4
SGS
PY101
D304
SY131
PC

PO
PMMA
PEST
PC/PEST
PUR

Meaning

Lumogen F240 - orange perlyene dye from BASF
N,N'-bis(phenethyl)-3,4:9,10-perylenebis(dicarboximide)

- N,N'-bis(octadecyl)-3,4:9,10-perylenebis(dicarboximide)

N,N'-bis(cyclododecyl)-3,4:9,10-perylenebis(dicarboximide)
N,N'-bis(propyl-2,3-dioctadecylcarbamate)-3,4:9,10-
perylenebis(dicarboximide) _
N,N"-bis[2-methylpentane-5-N-(3,5,5-trimethylhexamide)}-3,4:9,10-
perylenebis(dicarboximide)
N,N'-bis(2,4,6-trimethylpheny!)-3,4:9,10-perylenebis(dicarboximide)
N,N'-bis(2,6-diethylphenyl)-3,4:9,10-perylenebis(dicarboximide)
N,N'-bis(6-octadecylhexanamide)-3,4:9,10-
perylenchis(dicarboximide)
N,N'-bis(n-dodecyl)-3,4:9,10-perylenebis(dicarboximide)
N,N'-bis(n-pentyl)-3,4:9,10-perylenebis(dicarboximide)
Chromophthal Red 6961A - perylene imide dye from Ciba-Geigy
Lumogen F Yellow 083 - perylene dye from BASF

CI Solvent Yellow 98 - thioxanthene dye from Hoechst

CI Solvent Yellow 160:1 - benzoxazolecoumarin dye from Bayer
Oraset Yellow 8GF - methine dye from Ciba Geigy

CI solvent Green 4 - xanthene dye from BASF

CI Solvent Green 5 - perylene dye from BASF

CI Pigment Yellow 101 - azomethine dye from BASF

Golden Yellow D-304 - thioxanthene dye from Day-Glo Color
CI Solvent Yellow 131 - naphthalimide dye from Day-Glo Color
Bisphenol A polycarbonate

Polyolefin copolymer

Polymethylmethacrylate

Polyester

Blend of polycarbonate and polyester

Polyurethane

PVDF/PMMA  Blend of polyvinylidine fluoride and polymethylmethacrylate

! See Previous Table for Dye Structures
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Color Measurement

Chromaticity cbpgdinat'es (x,y) were determined in accordance with ASTM
E991: Standard Pfactibé; .for Color Mcasurcment of Fluorescent Specimens using
0/45 illuminating/viewipg geometry. While the CIE does not have a
recommendation for an __ai;tiﬁcial source to realize CIE Standard Illuminant D65,
ASTM E991 describes.methods to assess the adequacy of the D65 simulation.
Determination of the source cqnformance factor (SCF) of the instrument is one of
these methods. The sdurée c‘onfoﬁnance factor of the sifnu_lation of CIE Illuminant
D65 measured at the spééimen port of the spectrophotometer used was 17.9 over
the range from 300 to700 nm; 35.9 over the range from 300 to 380 nm, and 9.2
over the range from 380 to 700 nm. The chromaticity coordinates were calculated
for CIE Standard illurhiﬂaﬁt D65 and the CIE 1931 (2°) Standard Observer.

The color of frgg.:ﬁlms were measured with the films mounted on 3M

Scotchlite Brand DiamQﬂd Grade Brand VIP Reflective Sheeting White 3990, or a

whitc ccramic tile having a spectral reflcctance of approximately 80% over the
range from 400 to 700 nm |
- Fl ice and Fluore ce Lumipance Factor -

The ﬂuores_cencé lumfnancc factor (Y,) was dctermined using the following
spectrophotometric instrumental method:

(n The tofai lhﬁ;inance factor (Y)_of the sample was measured in
accordance with ASTM Prabtice E991 for CIE illuminaﬁt D65 calculating the
value of Y for the CIE 1931 (2°) s_tarildard observer.

(2) The reﬂected spectral radiance factors (B;) of the sample over the
wavelength range from 400 to 700 nm were détermined using the method
described in the paper “Scparation of the spectral radiance factor curve of -
fluorcscent specimens into reflected and fluorcsced compbncnls“ by Eugcenc Allen
which was published in the journal Applied Optics (Vol. 12 No. 2) on pages 289-
293 (1973). Sharp cut-o:ff long pass filters were uscd for the fluorescence-
weakening and fluorescence-killing filters. The spectral transmittance

characteristics of the filters were:
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Wavelength (nm) at the
indicated % :!:xgn's, mittance

ﬁmmnﬁmmw %T %T 10%T
fluorescence-weakening 490 505 507
fluorescence-killing 540 562 565

(3) ‘The reflectance lummance factor (YR) of the sample was calculated
for CIE illuminant D65 and the CIE 1931 (2°) standard observer from the reflected
spectral radiance factors. _

4) The ﬂuorescent luminance factor (Yr) of the sample for CIE
illuminant D65 and the CIE 1931 (2°) standard observer was calculated using the
equation:

_ Y:=Y-Y,
Samples were also viewed under the natural d;lylj ght illumination to determine

whether the samples appcarcd fluorcscent (o the naked eye. The samples were

_considered visibly fluorescent if they appeared to glow along a cut edge.

Example 1

Example 1 demonstrates embodiments of the invention in a polycarbonate
matrix with a range of dye loadings.

~ Films were prepared for Example 1 as follows. The fluorescent dyes were

blended with polycarbonate resin pellets at the weight percent loadings indicated in
Table 1. The resin pellets used were Makrolon FCR-2407 available from Bayer
Corporation of Pittsburgh, PA. The dye/resin mixture was dried overnight to
remove moisture. After drying ovemight, the mixture was extruded into film of
about 4 mils (0.1mm) thick using a single screw extruder with three heating zones
set at 260°C, 260°C and 304°C and a film die set at 304°C. The extruder was a 3/4-
inch single screw extruder for the Haake Rheocord as available from Haake of

Karlsruhe, Germany.
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For samples 1H, 11 and 1], the film was then laminated onto 3M Scotchlitc
Brand Diamond Grade Brand LDP Rétroreﬂecti.ve Sheeting 3970 construction as
manufactured by 3M Company of St. Paul, MN.

Samples 1A through 1G were prepared by hot laminating two 4 mil (0.10
mm) colored films together and by ]aminating a 2 mil (0.05 mm) clear PMMA

.overlay to a first surface of the resulting colored film. Retroreflective elements

were embossed into the second surface of th¢ colored film. The 2 mil (0.05 mm)
overlay contained 1.8 wt% Tinuvin 327 from Ciba—Geigy Corp.
Color was determined for each sample as described above and results are
shown in Table 1. The Samples appeared visi'bl'y ﬂudrescerit along a cut edge.
| Table 1

Sample Dye 1 Dye 1 'Dye 9. Dye 2

Number Weight % Weight % | Chromaticity Coordinates
X y Ye
1A 0240 - 0.1 SY98 0.1 0.515 | 0.478 50.0
1B YPPE | = 0.1 SY98 . 0.1 0.525 | 0.468 419
1C YP18 0.067 SY98 0.1 0.517 | 0.475 43.6

1D YP18 0.067 SY98 0.12 0.506 | 0.486 49.8

1E YP18 0.083 SY98 0.12 0.514 .| 0.478 45.7

1F YP18 0.1 SY98 0.12 0.522: | 0.470 41.7

1G YP18 0.12 1 SY98 0.12 0.526 | 0.466 349

T 1 YPis 1005 1 SY98 | 0090 | 0457 | 0.496 | not measurcd

11 YP18 0.067 SY98: | - 0.12 0.473 | 0.497 |{ not measurcd

1] YP18 0.083 SY98 0.15 0.483 | 0.496 | not measured

Example 2

Example 2 dem_ohstrates embodiments of the inventionina
polymethacrylate matrix with a range of dye loadings.

The films for Example 2 were prepared as described in Example 1 except
the polymeric matrix used was polymethyl methacrylate (PMMA) instead of
polycarbonate. The PMMA used was either Perspex CP924 or CP923 from ICI
Acrylics (St. Louis, MO) or Lucite 47K from Dupont (Wilmington, DE), all

18
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contained roughly 0.3 wt% UV absorber ofa benzotriazdi%;E iype Films were made
by either extrusion or solvent casting. Extruswn temperatures for the PMMA were
249" to 260°C. Solvent cast films were made by d:ssolvmg resin and dyesina

blend of tetrahydrofuran and mcthyl ethyl ketone and drying slowly at room
temperature. The dyes and loadings used were as indicated in Table 2. Film
samples were made by laminating the 4 mil (0.10 mm) colored films to a
retroreﬂective_ sheetixig sample (3M Scotchlite Brand Diamond Grade Brand LDP
Sheeting 3970). The chromaticity coordinates of each sample were determined as

described above and results are shown in Table 2. The samples appeared visibly

10 fluorescent along a cut edge.
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Table 2

Sample Dyel | - : Dye2 Chromaticity

Number | D761 |weight%| P62 |weight % Coordinates

” - .
2A 0240 020 | D304 | 002 | 0504 | 0471
7B 0240 | 0.0 | PYI0l | 0.10 | 0487 —0.498
2C 0240 | 0.10 | SYI60 | 0.10 "0.508 0.480
2D 0240 | 010 | . SG4 |- 0.0 | 049 0.457
2E 0240 | 0.10 SY98 | 0.25 0.508 0.474
27 0240 | 0.10 D304 | 010 | 0513 0.476

Example 3

Example 3 shows embodiments of the invention in a polyurethane matrix
with a range of dye loadings. |
The films for Example 3 were prepared as described in Example 1 except
the polymeric matrix usé.d was polyurethane (PUR) insteéd of polycarbonate. The
PUR uscd was Mm‘lhdn¢ 1.424.167 from Morton International Inc., Scabrook, NH.
The dyes and loadings used are as indicated in Table 3. Extrusion conditions for-
the PUR were-154-199°C. Retrorcflective sheeting samples were made by
laminating 4 mil (0.10 m_m) colored films to 3M Scotchlite Brand Diamond Grade
.Brand LDP Reflective _Shee’_ting 3970. Color rﬁeasuremen_ts were made on each -
laminated sample and on the free films which were measured backed up with a

white ceramic tile.

Table 3
Laminated
Construction Free Film
Dye 1 Dye 2 a
Sample Weight . | Weight | Chromaticity Chromaticity
Number| Dyel % - | Dye2 % Coordinates Coordinates Y,

X y X y

3A 0240 0.10 | SY98 | 0.10 [ 0495 | 0471 | 0.484 | 0440 | 183
3B 0240 008 | SY98 | 0.12 | 0.505 | 0.477 | 0483 | 0446 | -28.1

3C 0240 0.07 | SY98 | 0.13 | 0510 | 0.464 | 0481 | 0424 17.3

20




10

15

20

WO 99/16847 - L PCT/US98/19989

Example 4 demonstrates embodiments of the invention in a
polycarbonate/polyester blend matrix with a range of dye loadings.

The films for Example 4 were prepared as detailed in Example 1 ex}:ept the
polymeric matrix used was polycarbonate/polyester blend (PC/PEST) instead of
polycarbonate. The PC/PEST used was Eastalloy DA0O3 from Eastman Chemical
Company, Kingsport, TN. Extrﬁsion conditions were 270-290°C. The dyes and
their loading used are as indicated in Table 4.

Reﬁoreﬂective sheeting samples were made by laminating 4 mil (0.10 mm)
colored films to 3M. Scotchlite Brand Diamond Grade Brand LDP Reflective
Sheeting 3970. Color measuremeﬁts were made on each laminated sample and on

the free films which were measured backed up with a white ceramic tile.

Table 4
Laminated
Construction ‘Free Film
Dye 1 Dye 2 .
Sample Weight Weight | Chromaticity Chromaticity
Number| Dyel % Dye 2 Yo Coordinates Coordinates Yy

X y X Y

4A YPi8 0.10 | SY98 | 0.10 { 0498 | 0480 | 0446 | 0434 | 222

4B YP18 0.07 | SY98 0.12 0.490 | 0493 | 0475 | 0.472 22,9

4C YP18 0.05 SY98 0.15 0.476 | 0.501 | 0466 | 0.478 204

4D YP18 0.15 SY98 0.05 0.506 | 0465 | 0481 | 0.425 20.6

Example §

Example 5 demonstrates embodiments of the invention in a polyoieﬁn
copolymer matrix. |

The films for Example S were pi'epared as outlined in Example 1 except the
polymeric matrix uscd was poly(cthylenc-co-acrylic acid) (EAA) instcad of
polycarbonate. The EAA used was Primacor 3440 from Dow Chemical Company,
Midland, M1. Extrusion conditions for the EAA were 175-215°C. The dyes and

loadings used were as indicated in Table 5.
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Retroreflective sheeting samples were made by laminating 4 mil (0.10 mm)
colored films to 3M Scotchlite Brand Diamond Grade Brand LDP Reflective
Sheeting 3970. Color measurements were made on each laminated sample and on

the free films which were measured backed up with a white ceramic tile.

‘Table 5
— " Laminated _
Construction Free Film
Dye 1 Dye2 | ; : :
Sample Weight Weight | Chromaticity Chromaticity

Number| Dyel % Dye 2 % | Coordinates ' Coordinates Y,

. 3 Yy x y
5A 0240 0.10 | SY98 | 0.10 | 0460 | 0475 | 0433 | 0.420 | 175
‘5B 0240 | 0.10 | PY101 | 0.10 0.510. | 0461 | 0.464 | 0.445 16.2

Example 6

Example 6 demonstrates embodiments of the invention in a polycarbonate
matrix with a range of dyc loadings.

Films were prep_in'ed for Example 6 as follows. The fluorescent dyes were
blendcd with polycarbonatc resin pellcts at the wecight percent loadings indicated in
Table 6. The resin pellets used wére Makrolon FCR-2407 available from Bayer
Corporation of Pittsburgh, PA. The dye/resin mixture was d.i_'i'ed overnight to

‘remove moisture. After drying overnight, the mixture was extruded into film of

about 4 mils (0.1mm) thick using a éingie screw extruder with three héating zoncs
set at 260°C, 260°C, and 304°C and a film die set at 304°C. The extruder was a
3/4-inch single screw extruder for the Haake Rlléocord as available from Haake of
Karlsruhe, Germany.

Samples were prepared by hot laminating two 4 mil (0.10 mm) colored
films together and laminating a 2 mil (0.0S mm) clear PMMA overlay to a first
surface of the resulting colored film. R_etroreﬂective elements were embossed into
the second surface of thé coloréd film. The 2 mil (0.05 mm) overlay contained 1.8

wi% Tinuvin 327 from Ciba-Geigy Corp.
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Color was determined for each sample as described above and results are
shown in Table 6. Fluorescence testing was also undertaken for each sample and

was observed in each samplc
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Table 6
Dye 1 Dye 2 :
Sample Weight Weight Chromaticity
Number | Dyel % Dye2 % Coordinates Y-

X y

6A 6961A. | 0.05 SY98 | 0.15 0.485 0.503 59.6
6B 6961A 0.10 SY98 0.10 0.501 0.488 57.3
6C 6961A 0.12 SY98 0.12 0.510 0.482 54.9

Example 7

The following films were prepared and tested to measure the fluorescence
5 * luminance factor (Y§) as well as the chromaticity of various perylene imide dyes in
various polymer matrices without the presence of a fluorescent yellow green dye.
The films were made by extrusion of each polymer as described in Examples 1-6.
The color of the films was mcasurcd with the films mounted on 3M Scotchlite
Brand Diamond Grade Brand VIP Reflective Sheeting White 3990. Table 7 shows

10 the results.
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: Table 7
DyelD Wt% Dye . Polymer 1D Yi. X y
Dye 5 0.2 PC (FCR-2407) 26.5 0.540 0.433
Dye 6 0.2 PC (FCR-2407) 28.8 0.470 0.424
Dye 8 0.2 PC (FCR-2407) 20.8 0.491 0.406
Dye 11 0.1 PC (FCR-2407) 38.0 0.484 0.454
Dye 11 0.3 PC (FCR-2407) 36.1 0.517 0.464
Dye 12 0.1 PC (FCR-2407) 38.3 0.481 0.456
Dye 12 03 PC (FCR-2407) 349 0.518 0.464
Dye 13 0.2 PC (FCR-2407) 22.8 0.542 0.424
YP18 0.2 PC (FCR-2407) 312 0.534 0.441
YPPE 0.2 PC (FCR-2407) 34.1 0.528 0.442
Dye 2 0.1 PO (Primacor 3440) 10.5 0.498 0.384
Dye 3 0.01 PO (Primacor 3440) 15.1 0.369 0.371
Dye 3 0.1 PO (Primacor 3440) 9.2 0.449 0.367
Dye 4 0.2 PO (Primacor 3440) 43 0.504 0.343
Dye 8 0.2 . PO (Primacor 3440) 54 0411 0.347
Dye 11 0.01 PO (Primacor 3440) 17.6 0.357 0.382
Dye 11 0.1 PO (Primacor 3440) 26.0 0.445 0.417
Dye 12 0.01 PO (Primacor 3440) 9.1 0.345 0.355
Dye 12 0.1 PO (Primacor 3440) 21.5 0.453 0.412
Dye 12 03 PO (Primacor 3440) 111 0.491 0.388
Dye 13 0.2 PO (Primacor 3440) 29 0.449 0.340
0240 0.1 PO (Primacor 3440) 345 - 0.445 0.442
0240 0.3 PO (Primacor 3440) 335 0.492 0436
YPPE 0.2 PO (Primacor 3440) 4.0 0.336 0.383
YP138 0.2 PEST (CHMD CoPEN)* 358 0.527 0.404
0240 02 - PEST( Selar PT 7001) 456 0.527 0.440
YP18 0.2 PEST( Selar PT 7001) 34.8 0.538 0.431
0240 0.2 PEST (Sclar PT 8111) 43.3 0.524 0.432
YPI18 - 0.2 PEST (Selar PT 8111) 349 0.535 0.429
0240 0.2 PMMA/PVDF® 37.6 0.497 0.449
YPi8 0.2 PMMA/PVDF * 6.4 0.548 0.365
Dye 3 0.1 PMMA (Plexiglas V825) 357 0.484 0.441
Dye 12 0.1 PMMA (Plexiglas V825) 48.5 0.477 0.466
Dye 12 0.3 PMMA (Plexiglas V825) 44.6 0.516 0.465
Dye 11 0.1 PMMA (Plexiglas V825) 49.6 0.492 0.466
Dye 11 03 PMMA (Plexiglas V825) 42.9 - 0.527 0.466
0240 0.2 PMMA (Plexiglas VO45) 50.4 0.498 0.466
Dye 4 0.2 PMMA (Plexiglas VO45) 19.5 0.563 0417
0240 0.2 PMMA (Perspex CP-924) 54.6 0.493 0.464
YP18 0.06 PMMA (Perspex CP-924) 19.2 0.372 0.389
0240 0.25 PUR (Morthane 1L424.167) 38.0 0.513 0.447
0240 0.2 PUR (Morthane PNO3) 37.8 0.526 0.423

* Copolyester of 50 mole percent naphthalene dicarboxylic acid, 30 mole percent of

ethylene glycol, and 20 mole percent of cyclohexanedimethanol (CHMD);
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* 60/40 blend by weight of Solef 1010 and Plexiglas VO45.

Example 8 |

Aliphatic Dyes: |

The following proéedure for prepgring fluorescent Dye YP18 was the
standard method used for preparing all al§bh€ti6 substituted dyes.

A three-liter three-neck round bottom flask was equipped witha
mechanical stirrer and éo.l'd water condenser and electric heating mantle. To the
flask was added 157 g. (0.40 molc) 3,4:9,1 _O-p_érylcnc tetracarboxylic anhydridc,
210 g. (0.78 mole) octadecylamine, and_ 1500.g. DMF. Agitated the reaction at
high speed. Heated the mixturc at a inodcrate ralé lo a batch temperature of 140°C.
Excessive application of heat to the batch may result in foaming of the reactants. If
foaming was noted, reduced the heat uﬁtil the foaming subsided, and then applied
it more gradually. Once the reaction _t(_empgrature'reached 140°C, held the batch
with good agitation for five hours. Af this point, sampled the batch and used IR to
determine the % residual anhydride. Once the. reaction was .complete, cooled the
batch to 15°C and filtered to collect the red solid product. Added 1000 g. water to
the reaction ﬂask and heated to 80°C, then usg:d.this to thoroughly wash the cake.
Dried the product in a vacuum oven gt',l 10°C and full vacuum, to yield 330 g .
(92%) of orange-red powder. . o _

Similar ;irocedure; were used to p_fepare the following aliphatic dyes, with
the following changes; the dye numbers refer t6 .the dyes in Table I:

For Dye 1, an equivalent molar amount of ethanolamine was used instead
of octadecylamine. | _ _

For Dye 2, an equivalent molar amount of amylamine was used instead of
octadecylamine. ' | .

For Dye 3, an equivalent molar amount of dodecylamine was used instead
of octadecylamine.

For Dye 4, an equivalent molar amount of cyciododecy]amine was used

instead of .octadecylamine.

26



10

15

20

25

Wo 99/16&47 : - PCT/US98/19989

For Dye 5, an equivalent molar amount of 3-amino-1,2-propane diol was

used instead of octadecylamine.

Example 9

Preparation for Dye 6:

A 500 ml. three-neck round bottom flask was equipped with a mechanical
stirrer and condenser. Added 5.4 g. (0.01 mole) of Dye 5, 11.8 g. (0.04 mole) of
octadecylamine, 1 drop dibutyltih dilaurate, and 200 g. xylenes. Heated the
mixtﬁre to reflux for a total of 29 hours. IR showed little residual isocyanate.
Cooled to room temperature and filtered off the solid. Recrystallized from boiling

DMF to obtain the product, a dark red-purple solid.

Example 10

Preparation for Dye 7:

A one-liter three-neck round-bottom flask was equfpped with a mechanical
stirrer and cold water condenser and electric heating mantle. To the flask added
39.2 g. (0.10 mole) 3,4:9,10-perylene tetracarboxylic anhydride, 27.5 g. (0.21
mole) S-aminocaproic acid, and 500 g. N-methyl pyrrolidone. Agitated the
reaction at high speed. Heated the mixture at a moderate rate to a batch
temperature of 200°C, held the batch there with good agitation for five hours.
Cooled the batch to room temperature and filtered to collect the red solid product.
Added 500 g. water to the reaction flask and heated to 80°C, then used this to
thoroughly wash the cake. Dried the product in a vacuum oven at 110°C and full
vacuum, to yield 43.5 g. (70%) of orange-red powder (intermediate 1).

12.4 g. (0.02 mole) of the above intermediate was mixed with 75 g. (0.28
mole) of octadecanol and 1.0 g. para toluene sulfonic acid in a three-neck round-
bottom flask equipped with a mechanical stirrer and dean-stark trap/condenser.
Heated to 120°C for 18 hours. Cooled to toom temperature and added 400 g.

methyl ethyl ketone. Heated to reflux for one hour, then cooled and filtered the
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solid product on a buchner funnel. Washed with additional warm MEK, then oven-

dried to collect 15.8 g. of the deep red colored product.

Example 11
Preparation for Dye 8:

12.4 g. (0.02 mole) ‘of i mtermedrate l (ﬁ'om Example lO) was mixed with
25 g. (0.093 mole) octadecylamme and 75 ml drglyme ina 100 ml round-bottom
flask. Heated to 150°C and held for 18 hours “Cooled to room temperature, added
400 g. water and filtered. Took the solld mto 400 g MEK and heated to reflux,
then cooled and filtered and dned to yleld 20 3 g of the dark red product

Example 12
Preparation for Dye 13:

A 500 ml. three—neck round—bottom ﬂask was equlpped with a mechanical

. stirrer, dean-stark trap/cold water condenser and electric heatmg mantle. Added

116 g. (1.0 mole) 2—mctlt__yl-l .,5-(|ld!lll!l(_)pt_._.lll:tll_g and 79 . .(:0'5 molc) 3,5,5-
trimethylhexanoic acid. Heated to.l5.'0-160°C and. followed the reaction by GC
(gas chromatography); after f ve hours drstllled the mtxture using a Vigeraux
column and vacuum pump Collected the product (mtcrmedlate 2) at-a head
temperature of 150-160°C and vacuum of 0 25 mm Hg

A 500 ml. three-neck roun_d-__bottom: _f_]a__sk wa_g. equipped with a mechanical
stirred and cold water condenser and electnc heating mantle. To the flask added
11.7 g. (0.03 mole) 3,4_:9,10-.perylene ,tetracarboxylic an_hydride, 15.0 g. (0.06
mole) intermediate 2, and 200 g. DMF . Agxtated the rca'ctilon at high speed.
Heated the mixture at a moderate_ rate to fre;ﬂu):(tempera_t.ure; held the batch there
with good agitation for tWenty hours : :Cc'oled'the batch to room temperature and
filtered to collect the red SOlld product Added 500 g water to the reaction flask
and heated to 80°C, then uscd thls to thoroughly wash the cake. Dried the product
in a vacuum oven at 110°C, to yleld_. 20.8 g. (8_0_%) of red powder.
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Example13

The following procedure wis ise

i the synth_jc_}s}jﬁ_fof Dye 10, and was the
general procedure used to prepare arofatic substituted d}eé.

A one-liter three-neck round-bottom flask was equipped with a mechanical
stirrer, dean-stark trap/cold water condenser, nitrogen purge, temperature probe,
and electric heating mantle. To the flask added 50 g. (0.127 mole) 3,4:9,10-
perylene tetraéarboxylié iiﬁhydride_, 68.9 g. (0.51 mole) iiiébpropyl aniline, 17.7 g.
(0.09 mole) zinc acetate and 500 g. Quinoline. Agitated the reaction at high speed.
Heated the mixture at a moderate rate to a batch temperature of 240°C, using a
slight nitrogen stream. Held the batch at this temperature for four hours. Cooled
the batch to 70°C and added 400 g. methanol and stirred well. Filtered to collect
the red.solid prbduct. Put the solid back iﬁto the flask with 600 g. methanol and

stirred for one hour at room temperature. Filtered to collect the solid. Put the solid

back into the flask with 700 g. water and 100 g. sodium carbonate and heated to
80°C. Held for two hours, then filtered onlb a buchner and washed well with
additional water. Dried the product in a vacuum oven at 1 10°C and full vacuum, to
yield 69 g. (86%) of red powder. _

Dye 9 was prepared in a similar fashion, but used an equivalent molar
amount of 2-ethyl anilinc instcad of 2-isopropyl anilinc.

Dye 11 was prepared in a similar fashion, but uscd an cquivalent molar
amount of 2,6-diethyl aniline instead of 2-isopropyl aniline.

Dye 12 was prepared in a similar fashion, but used an equivalent molar

amount of 2,4,6-trimethyl aniline instead of 2-isopropyl aniline.
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T

1. A fluorescent y'ellow article comprising:

(®  apolymeric matrix;
®b) an N,N'-disuﬁétifuted 3,4:9,10-perylenebis(dicarboximide)
dye; and a - |
(© a ﬂuorescent yellow—green dye whereln
(i) " the dyes are soluble in the polymenc matrix, and
(i)  the article has chromaticity coordinates (x,y) within
the area defined by (0.425, 0.480), (0.465, 0.535), (0.557, 0.440) and (0.500,
0.410) in terms of the CIE 1931 Standard Colorimetric System and measured using
0/45 geometry and evaluated with CIE Standard Illuminant D65 and a fluorescence

luminance factor of greater than 5.

2. The artlc]e of clalm 1, wherein the polymenc matrix compnses a
polyolelin copolymer, a polywrlmnalc., a polyester, a polymer alloy, a

polyacrylate, a polymethcrylate, a polyurethane, a polyvinylchloride, or a mixture

thereof.
3. The article of cléim 1; wherein the polymeric matrix comprises a

polycarbonate. | |

4. The article of claim 1, wherein the polymeric matrix comprises a
polyester. | |

5. The article of claim 2, wherein the polyacrylate is
polymethylmethacrylate.

6. The article of claim 2, wherein the polymer alloy is a blend of

polyester/polycarbonate or polymethylmethyacrylate/polyvinylidene difluoride.
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7. The article of claim 1, wherein the N,N'-disubstituted 3,4:9,10-

WO 99/16847

perylenebis(carboximidé) dye has the following forr_nul_é:.

wherein R is
-Cy-20 2kyl;
-Cs-o cycloakyl,
-Cj-2¢ akyl substituted by one or more
---OH
-=0C;-¢ alkyl

5 in which each R1 is independently H or C, ,, alkyl and
each R2 is independently C, ,, alkyl, C, , alkoxy or halo.

8. The article of claim 7, wherein R is selected from the group
consisting of 2-hydroxyethyl, n-pentyl, n-dodecyl, n-octadecyl, cyclododecyl, 2,3-
10  dihydroxypropyl, propyl-2,3-dioctadecylcarbamate, 6-octadecythexanoate, 6-
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octadecylhexanamide, 2-ethylphenyl, 2-isopropylphenyl, 2,6-'di'ethy'!phenyl, 2,4,6-
trimethylphenyl, and 2-mcthylpcntane-5-N-(3,5,5-trimcthylhcxamide).

9. A fluorescent retroreflective article comprising a color dye having
first and second sides,

wherein said article comprises retroreflective elements on one side of said
color layer or a retroreflective base sheet disposed on one side of said color layer,

wherein said color layer comprises the yellow article of claim 1.

10. A method of manufacturing a fluorescent yelldw article comprising
the steps of:

a) blending an N,N'-disubstituted 3,4:9,10-perylenebis-
(dicarboximide) dye and a fluorescent yellow-green dye in a polymerie matrix to
form a solid solution, and | _

b) extruding said eolulion to form a film, wherein the resulting
film has chromaticity coordinates (x,y) within the area defined by (0.425,0.480),
(0.465,0.535), 0.557,0.440) and (0.500,0.410) in terms of the CIE 1931 Standard
Colorimetric System and measured using 0/45 geometry and evaluated with CIE

Standard [lluminant D65 and a fluorescence luminance factor of greater than 5.
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