METHYL STYRENE AS A HI GH | NDEX OF REFRACTI ON MONOVER The pres i tion
rel ates tb’m&#’%’ﬁﬂ cal product conprising a base and an opti%ﬁ%%ﬂé%ﬁgf a
polyneric material prepared froma pol ynerizable conposition, the

pol ymeri zabl e “"EL@WREW SSA v Cﬂﬁtﬂ@ﬂ {OF RIEFRREFTON ¢ waaner al
formula: [err tTCar NMatersa 2 are U ont r ol
the flow and intensity of |ight. Exanples of useful optical products

i nclude optical |enses such as Fresnel |enses, optical light fibers, |ight
tubes, optical filnms includi ngmmmcti ng fil ms,
retroreflective sheeting. . .an | Gl | Is ness
enhancenent filns iﬁﬁ"’é’g&'ﬁq @%@%gﬁ# g@%ﬁ&g@%h@gﬁ@%&ﬁh@éé p?‘oduct S
are descrifedof rafiabiiditdosdmées Patent Nos. 4,542,449, 5,175,030, 5,591, 527,

5,394, 255, anong others. Optical products can be prepared from high i ndex
of refraction materials, including BAGCKEGROYUND as hi gh i ndex of

Such hi gh | ndex bf OPUPAAGPIA NEHOHSALPORARS AFEolR IR cPRrothe Bowiaad
roduct art. j : s e Ut P t , %E,

7 812,032, anﬁ?@?ﬁgﬁ,ﬁ%‘. ﬁf&@‘*ﬁ%@%ﬁ%‘ @éﬁm&rﬁgﬁﬁtég'cg@ﬁgﬁ%ﬁ%ﬁ@@zt ake
the form of aFyesnellstises; aptiddl sight fivees) lighi tabes) optical films inchuglingtetdly onteral
light. In the particular structure of .a mcraqreplicated optical product,
the nonondd s reflgcting films, rewroreflegtiyesheeting, and microzeplicated pe such@$y having a
mcro- fine L spatl : | 30 and
5, 183, 597. B%‘J&‘F{ s g"@“?‘%%‘ﬁé‘gr%‘i? 3???‘%?@@??5’&% e%@@ﬁfsﬁg g?mu?"%%’%?r%ny of

today' s el ect prydubtsRFOLusctibed il UniedSiaes PhentNog L suz44 915 Fystosokl it fl at
panel display such as a liquid crystal display (LCD) including those used

i n el ectrol un$,A88881t5,3%hesS amangtathers.onput er di spl ays, word processors,
desktop nonitors, tel.eui sion vi.deocamner as nd. aut opDtd ve an Vi oni c

di spl ays. Mononer sbt?gg%j ng‘ﬁ?%%b@ mf’%e‘? ﬁﬁ@ﬁgﬂl &Prﬁ?ﬁ'a{?ﬁomqé%% S

desi r abl y;£XhinBluding@honcihés sidhCasdidt makx 8féiabic GRithRCARRE roRdmefd)e

| mportant property of such nonomers 1s a hi %?Ghlndex of refraction, because

this proper t yhalogenatedithenamergmte., ansh other such indexcoff refractisinf monomers ghat
control the f:!lr%\%nggvnlirlx %]et dptéd ;I)rtoldga%lrtl. ySee, e.g., United States Patent Nos.
4,568,445, 4,721,377, 4,812,032, and 5,424,339. The monomers can be cured or

polymerized to take the form of a product capable of modifying or controlling the

=

20 flow oflight. In the particular structure of a microreplicated optical product, the
monomers can be polymerized into a brightness enhancement film having a micro-
fine prismatic pattern. See United States Patent Nos. 5,175,030 and 5,183,597.
Brightness enhancement films (BEFs) are very useful in many of today’s electronic
products to increase the brightness of a backlit flat panel display such as a liquid

25  crystal display (LCD) including those used in electroluminescent panels, laptop
computer displays, word processors, desktop monitors, televisions, videocameras,
and automotive and avionic displays.

Monomers used to prepare high index of refraction materials desirably

exhibit very specific optical and physical properties. One important property of

30  such monomers is a high index of refraction, because this property allows the

monomer, or polymers thereof, to effectively control the flow of light. Additionally,
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PCT/ Y597/ 160'PI884 nononers preferably are soluble in other RERBISST/AEOI1Zr
can feadily dissolve other nonomers; that is, particularly preferred high
i nd of refractign NODNONEr S caqriq!act sol vents to di ssol ve of her

mongmers, al | oviUth MIROMErSprgferatly aneolibls 1 qtheranongmers, or cap geadify dissolve

composi tion. Figabd s engaid BH ; . I.on
polfymeri zabl e conpos???}gﬁfssﬁgﬁgg’p]oi ;}mer sys%[%ﬁl i ?ﬁgm@gg’{;?ﬁeﬁac?%ﬂ g%h@?’élst o]
maferial s used g ast aesoloentptordissblve (othey. mormiess, ralibwing thé hlixtare.of Mphomérs

prijoduct. There exists a,CQHti nui ng need for high index of refraction
noners that dQrfXistin aliqud cgmpasition. JRnally, prefaaed-menomers ardigh index of

Tndex of 107 1 AP SR RolpREGable Bmnbekin bAERNDRES RNRIGE MRty 1o agBRisbross
gain or "gai n" materlals asedus dther dohippheme sege Bﬁtﬁsﬂﬁ@@?ﬁiﬂu’hi anBptiedl protigctd

.nmeasure of the inprovenent in brightness of a display due to the brightness
enhancenent fi |Theregxists 8 costinuingineed fonbighiutiex afrefrastion atonmmens thaheamadtas i al

used to prepar h i S |l as t structure (i.e., geonmetry) of the
bri ght negs gnhganécqlﬁed&’&?p‘fttp%ﬁdg%et@ t.piqr%ﬁe,r Wtﬁ%al_s'hi gh gain is desired for a
bri ght ness enhancethhfmiﬂb@%éﬂéﬁlthﬁﬂrﬁiﬂhﬁﬁl&h%ﬂ ﬂgﬁ;bm ﬁ{ié}?S lve

increase in the brightness of "a backl | splay. | nprove right ness mneans
‘that the elléct rrefiactiourafcootponents ofaBEFds related ed fliectirightrleys gain 08 gan’t ess

power to |ight the displ .t.hereby reduci power . consunption, placing a

| ower heat | oad’rg‘ﬁucfgjﬁgéﬁ%h‘?%}‘tﬁ?ss ?@fﬂtg&“- £ 5, eeasurRofthe |ifetime of
the 20  produgh i e '

conti nui ng need P t(')@f%fi%gt %pt Ica s%éfo%%‘g@gy ?@%@?ﬁghﬁn%%r%%@%bgﬁ@n,@d

bri ght ness gai i relatedteetherindexrof refravtion of eenmagtisl sed teprRpare! the KA, 4S8Nt S

being quite significant. SUMVARY OF THE | NVENTI ON 25 . The present
i nvention rel aggghqgrqcﬁge k%, BRoMey) of therbpightnesyenhancing portionenf the film. A

refraction gONQE odiRisHeSHEH for AVl FARh cehRAPRR hi3nse imaprll'gverg gl]n | ndex- of

provides an effective increase in the brightness of a backlit display. Improved

brightness means that the electronic product can operate more efficiently by using
less power to light the display, thereby reducing power consumption, placing a
lower heat load on components of the display, and extending the lifetime of the

20 product. Thus, because of these advantages, there exists a continuing need to find
optical products to provide improved levels of brightness gain, with even very

small, seemingly incremental improvements being quite significant.

SUMMARY OF THE INVENTION

25 The present invention relates to the use of methyl styrene as a high index of

refraction monomer to prepare polymerizable compositions, and high index of

refraction materials, polymers, and optical products prepared therefrom. It has been

found that methyl styrene monomer can effectively perform as a high index of

refraction monomer, and that methyl styrene has the additional advantageous ability
30 - to act as a solvent to dissolve other materials, specifically high index of refraction

materials (monomers, comonomers, oligomers, pre-polymers, polymers, etc.). It
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refraction ma.teri als, polymers, and optical products prepared therefrom It
has been MRAAYSMALt et hyl styrene nononmer can effectively pBETESHI/ESY
hi gh i'ndex of refraction nononmer, and that nethyl styrene has the

T G o i R
CONDNOMEr'S, ObsREBR ﬁﬁ%fg{n@eﬁ 8f deffaton Bﬂgiﬁ@?&éiveﬁttﬁerlaﬁo}nt Rﬁe@é Hmb&aéf been

further found that net styrene nononer can I ncrease t adhesi on between
a hi gh index ofaterials often used rotherprodubtionof dpticalipedéduees. and a nunber of
materials often usgﬂpi n the rog,duction of optical products. Thus, an aspect
of the present invdBBS:dR aspectiofihe present inyentien relatesfioca palpmerizableg a base

. e . . . base
commosi ¢ o, - Fompfon Coripitel ity sFFinE sioHontts SRELRE of higfd PoPnartls' “°”' ©
mononer of t heomprisinght keastonk Aigh indéd of Yefrucridirtontsiaier. of the invention

relates to an optical product conprising a polyneric material conprising
nononeric units ded fusther pspechef the inventjorerelatevtoonpolymetizable ¢ampdsitronaspect

~of the inventj el ate o.a mcrostructure-bearjng .article conprjsing an
opti cal 1 ayer CABpTGaE el Perd SorRi e e BisE BobRItURARS RPPSRGR hitai
styrene mnomexlihfeﬂd&ﬁsﬂbfﬂrleﬁs!tii.fssf,g}e?&ﬁﬁl tp)dagcksst Tlat panel displays
conprising such articles and conputers conpfising such displays. As used

wi t hi n t htd pr esent Adfusther gspiectnof thé/nventior relatéstosant aptizalproduet rconiprising a

I ndi vi dual scal.e, and al so refers collectively to conposi ti on of such
nononers on apﬂmagegﬁ?f@?gerapemgﬁmnpﬂl&fwaﬁ ée;msaﬁqm methyl stysanedescr i bed
as having a pRyabmet state of matter (e.g., liquid, solid, etc.) and

physi cal properties (e.g., nelting point, viscosity, glass transition
tenperature, and/ o¥et effurtlidriagpect oflthe)invention relates to a microstructure-bearing

article comprising an optical layer derived from a polymerizable composition
15  comprising methyl styrene monomer.
The invention also relates to backlit flat panel displays comprising such
articles and computers comprising such displays.
As used within the present description:
“Monomer” refers to a monomer on an individual scale, and also refers
20  collectively to a composition of such monomers on a macroscopic scale such that
the composition can be described as having a physical state of matter (e.g., liquid,
solid, etc.) and physical properties (e.g., melting point, viscosity, glass transition
temperature, and/or refractive index).
“Melting point,” as used with respect to the monomer, refers to the
25 temperature at which the monomer passes from a solid to a liquid state, as
measured at atmospheric pressure. Melting point can be measured, for example,
using a Thomas-Hoover Melting Point Apparatus, available from the Thomas
Scientific of Swedesboro NJ.
“Index of refraction,” or “refractive index,” refers to the absolute refractive
30 index of a material (e.g., a monomer) which is understood to be the ratio of the

speed of electromagnetic radiation in free space to the speed of the radiation in that
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"Melfting point," as used with respect to the nononer, refers to the
t emper at ur sVaUsA#dth t he nononmer passes froma solid to a |iqRCTIUSYZAR6812 as
medsured at -atnospheric pressure. Melting point can be neasured, for
exanpl e, using a Thomas-Hoover Melting Point Apparatus, avail abI e fromthe

T mas Sci ent i material, with thesedietionheing s%em ysflowdightat 3 wavelergth of abquict  ve

mpnoner) i ch S84 M PERA A reipchih B by Dbl E ufihe By ABbE e, ©

| 'ect romagnet i Gyhipleddntiflercially, 8L exddasle, fréin FikheSRRQEmehtsOF Pittsdiigh PAN 1 n
hat - 3- material, with the radiation being sodiumyellow |ight at a

vel engt h of about“(ﬁ&ﬁl)ﬂcmm ’Ireféescodfoth eénylate mﬁmeﬁnacnybltmmmmwm ng an

...fAbbe r ef ract om aval I com‘rerCLaI for fram Fi.sher Instrunents
‘of Bittsburgh PA ﬁﬁvﬁa‘aewmt@n et © & GhopubR) CAmPOREPE L) GO 986 OT nt o

compounds. mﬁeﬁgxgq}%%lk 'c81‘i’: ﬂ&ﬁ?ﬁédés&’n@ed‘iﬂ d@%&exﬁ ggﬁﬁdah ﬁﬁn&lﬁ&a‘h

cont ai ns one or nerizable conponents as SCri le pres
speci fi cation, oneolrntbraof theddentified heonoinerd) olipomarts) étcs dndrcinad oan be cmiedgmrrer S,
etc., and that can be cured or polymerized. Figure 1 is a perspective view
of an ill ustratiol@nenized.ost ruct ure- bearing optical product of the present

I nvention. Figure 1 is not to scale and is intended to be nerely
illustrative and non-limting. The present invention relates to an optical

product conprising a base BRIEFNDESCRAEITION OF THEDRAWINGC nmateri al

prepared froma pol ymerizabl e conposition, the pol ymerizabl e conposition
conpri si ng met hyl stlilmd israperspectvie wm ogeméluauraﬁw@rmr@stmm&pemwghyl
styrene exists and

h bl
vali ous | somer (0L ARSRE s et S B 1T BOCTR Rl i byt
Met hyl styrene mg@qllﬁs&aﬁmﬁd@hmu@val | abl e as a m xture of one or

nore of these
15 DETAILED DESCRIPTION
The invention provides a polymerizable composition comprising methyl

styrene monomer having the general formula:

CH;
1).

20  Methyl styrene exists and is useful in the polymerizable composition as any of
various isomeric forms, including the ortho-, meta- and para- isomers. Methyl
styrene monomer is commercially available as a mixture of one or more of these
isomers. For example, methyl styrene monomer is commercially available in ratios
of 80:20, 70:30, 60:40, 55:45, and 5:95 (meta:para):

/_,_’_-_———————
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I somers. For exanple, nethyl styrene nononmer is commercially available in
rati os of WO:98(504420: 30, 60: 40, 55:45, and 5:95 (neta:para): PET/USIIfeME]
(3). Methyl styrene is comercially avail able from Mononer-Pol yner & Daj ac
Laboratory in Feasterville, PA. Alternatively, nethyl styrene can be
prepared by 5 met hods known in the chegical art; see the Encycl opedia of
Pol ymer Science and Engi neering, volunme [16, p. 13, (2nd ed. 1985). It has
been found that nethyl styrene nononers lgcan effectively act as a solvent to
di ssol ve ot her nmononers such as high | of refraction materials

9

(conobnoners, oligoners, pre-polyners, -rs, etc.). Thus, nmethyl styrene
can 10 be used in conbination with one g@ ot her conononers to produce
a high index of refraction polynerizable conpbsition (e.g., a polynerizable
conposi tion having an index of refraction,of at |east 1.55, preferably 1.56
or above). As used within the present dedgCription the term "polynerizable"
refers to a chem cal nol ecule such as a nononer or oligoner, etc., or, to a
chem cal conposition, the 15 nol ecul ¢ conposi tion being capable of
curing, i.e., polynerizing or copolyne j, for exanple, via unsaturated
noi eties, to produce a higher nol ecul a ght material such as a pol yner,
prepol yner, or polyneric material. The tqrnms "polyner," "polynerized

material," and "polynmeric material" are uUsed(3d)nterchangeably to refer to
material s preg{g&ﬂ fromthe reactjion (i.e pol ymerization 20 = or cure) of
one or rore uleth rsatr@éPMPW%@%“Y@@@IC&@@M@W&PW ajgici goner ,

o1 gomer s, pr caaftoldly in F@bferyilg e hBukly Brdyt sehE et BEFES Y uded
with methyd  sineriRids knowa 1@ﬂie)ldmﬁhéaﬁbhese@QH@Eﬁtﬁcldﬁédﬁ%TMy:ﬁé}%cé hRdn a
nunber of conmpnoners known in the optical material art.
Engineering, volume 16, p. 13, (2nd ed. 1985).
It has been found that methyl styrene monomers can effectively act as a
solvent to dissolve other monomers such as high index of refraction materials
(comonomers, oligomers, pre-polymers, polymers, etc.). Thus, methyl styrene can
10  be used in combination with one or more other comonomers to produce a high
index of refraction polymerizable composition (e.g., a polymerizable composition
having an index of refraction of at least 1.55, preferably 1.56 or above). As used
within the present description the term “polymerizable” refers to a chemical
molecule such as a monomer or oligomer, etc., or, to a chemical composition, the
15 molecule or composition being capable of curing, i.e., polymerizing or
copolymerizing, for example, via unsaturated moieties, to produce a higher
molecular weight material such as a polymer, prepolymer, or polymeric material.
The terms “polymer,” “polymerized material,” and “polymeric material” are used
interchangeably to refer to materials prepared from the reaction (i.e., polymerization
20 or cure) of one or more unsaturated materials, e.g., one or more monomer,
oligomer, polymer, or prepolymer, etc., and refers to, e.g., dimers, trimers,.
oligomers, prepolymers, copolymers, homopolymers, etc.
Comonomers included with methyl styrene in a polymerizable composition

can be chosen from a number of comonomers known in the optical material art.

. -5-




The fconobnoner can conprise any of a nunber of known and usef ul

mer i zaWO98H944lt ur at ed noieties, e.g., vinyl, (neth)acryl RCE/USFAEHY|
lic acid, "acid, allyl, acrylam de, acrylonitrile, etc. The conmonormer

camp be nmono- or_ nultifunctional wth respect to the unsgtura noi, e% and
wher e nul ti f unERS ERFAPNOMGTCaN RPN rﬁn‘i“ﬁt“?"é§ ewnﬁa u olymeriza

Chrposi 1 on | o FRETBEd AR L kinkf tHPubReruc RElHl h%zh%%?é’“‘%ﬁ“xﬁ@b' ’
érret h) acryl at eadidrallil, abglantid¢)Roalamitzils 2ec. Hmec@nsﬁcrmtdamemdm ort he
eneral fornul a: [err] In formula 4, R can be

, ydrogen (-H) multtanal(wh{eapec} 10 tlse umaqumctbmmty, andovhese swltifunetiongl, and
R[err] can ny chem cal. str ol yneri zation of the
! compnoner \#) Eﬁi&%iin'&?‘&heme gg?"%dﬂae Wae§ﬁe'5'ﬁ§ypr eferably provides a
cononomner havi ng an rably, to
achi eve a suffici eanE‘é%%sgﬁfcd Hﬁ%fﬁﬁcﬁﬁkﬁ%mé %@ﬁ%l ude one or
nore cheni cal compdsitidonievhe class olff émeth)dcrylatepfunctiontal mbhomersprSmhde hi gh

opti cal actiwné such a an aromatic, cyclohexyl, a halg en such

chlorine, bro h)aswl% nctiona) CORORIMERF AN haYg &F‘i‘ﬁ’ﬁﬁ“g‘?’ﬁ%ﬂ the-ge

however, the ?{n : group can conprise one or nore other chemn cal m)l eties
or structures or exanple oxyal kyl ene, urethane, epoxy, alkyl, allyl,

etc., any of WhICh can be straight,j br ched cyglic, or unsaturated.
Exarrpl es of specific useful (neth crylgﬁe functilonal cononomers include a
nunber of nono-, and nulti-funct O=(CHyllat e nononers, i ncluding
hexa- functional aronmatic urethane acryl ate oliggner available from UCB
Radcure I nf , under the designation EB 2207 2-ph A ethyl acrylate sold
under the trade nane Photonmer 4035 by Henkel Corp., Of Anbler PA

cycl ohexyl chl bribanulylhﬂeqantberlwﬂtognn (AH)atremethyhe€H; ) tydsl pteferpbly fimim About 1

di (neth)acryl at e; 30l | uch as nodifi ed OoXy .acr Iate vai | abl e
fr f)m Saz t orrér éPngh Bﬁgg °§H‘éﬁ? FEH%‘“G\'EPQ’O%‘E’S"M Frﬂ}f'g
others. These ¢JHérdhitrvid Rk SndattiatddNGiety G RORHEY Snd bfefdfably prowdes a

comonomer having an index of refraction of at least 1.50. Preferably, to achieve a

15  sufficiently high index of refraction, R* can include one or more chemical moiety
known in the optical product art to provide high optical activity, such as an
aromatic, cyclohexyl, a halogen such as chlorine, bromine, or iodine, or a sulfur-
containing group. Further, however, the R? group can comprise one or more other
chemical moieties or structures, for example oxyalkylene, urethane, epoxy, alkyl,

20  allyl, etc., any of which can be straight, branched, cyclic, or unsaturated.

Exémples of specific useful (meth)acrylate-functional comonomers include a
number of mono-, and multi-functional (meth)acrylate monomers, including hexa-
functional aromatic urethane acrylate oligomer available from UCB Radcure Inc.,
under the designation EB 220; 2-phenoxyethyl acrylate sold under the trade name

25  Photomer 4035 by Henkel Corp., of Ambler PA; cyclohexyl chloroacrylate; benzyl
acrylate; ethoxylated bisphenol A di(meth)acrylate; and oligomers such as modified
epoxy acrylate, available from Sartomer under the trade designations CN120M50
and CN131, among others. These (meth)acrylate-functional comonomers are not
halogenated. However, particularly preferred polymerizable compositions of the

-
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hal ogenat ed. However, particularly preferred polynerizable conpositions in
accor dancewe 9850441e - 6- present invention can conprise onePGHUSRIA6012

hal ogenat ed conmononer(s), and nost preferably can conprise one or nore
brom nated aromatic_ (neth)acrylate connnorrer&a)q. Exappl es of ch

conmerci al |y oRF§En} BIVENHOYeAN GRIPIiss ONE Of MATe| 35‘?96?4 EFHP%’&P’H?T n®mPestc| ude

acryl o ost or PEFp T BRCIRRHR R o ducrs brodindled rOaRY GRRRMCRI T U200
Co. of Japan, cumbrdni{s)aERamples sy subhasumthércially availabledtigh indedb wf téfifaction

Chem cal s Corporation, Radcure, in Smyrna, Georgjia, under the desig’gation
RDX 51027. St i irominates monowersdneluderbrostiasted afamaticanonnsners suqh as 216, fe

et rabr omoth s HERINOBRD I Fhatel soiyie s sAEaBRTICAS B EhST By Paf oo
xylyl diacryl afegix tiS%i' ta0C ) (ﬁ?ﬁﬁ)ﬁﬁi‘, af@ BRIMAINRES epSA) dihcrylité, iRanufactured

pol yneri zabl e conposi are al kyl -substituted bror natéd phenolic ester
(et h) acr yl at ebynI6EBNEhemisals IConporation, Rallenns; irbBmyina, Gesigip eader thependi ng

A tor ney” Dock lestiniien o300 ool otee hrominstes ARpomeroMaLeHs BORFRL s and
Pol ynmeri c WMat ef] | s y LG ey: t

53386 USABA, aﬁghﬁ&?ﬁgg{ﬁﬁg}%ﬂﬁCa?%%}ptg;r&@féﬁb%@&%'A[ %‘8@&%@ "@P&g‘? 4 on

Br oni nat edjoMoretrabrdmoblisplients) AAdiacryiuty, pentisfomophEh@aciyRitE AndAdfabreme kyliki ng

filed on even date herewith. These al kyl -substituted 20 brom nated
aromati c est erdigerglatey acryl ate nononer (also referred to herein as "the

Brom nat ed Mononer, ', or .=Brpm d "), n preferably exhibit

ohysi Cal proper es?mjzﬁgfﬁsﬁ&%bl%@eﬁ%?ﬂén %@&W??gﬁﬁgéﬂﬁ%@gﬁgaf%uch
romnate NakFLsubfithRd YreeRRERIpHeRolk estdt (GletotcryRtemetomet, |shéH 0221

ot herwi se handl ed prior to pol ynerization) a(t or nrgar roomte eratu?e

(e.g., in the describaddn Assigneels coperding paters @pplications; fHigh Index @f Refraetionof
refracti onopt | ogtl)m 1[59%Jac\r§ﬁg Attorney Docket Number 53247USA9A, “Chemical
Composition and Polymers and Polymeric Material Derived Therefrom,” having
Attorney Docket Number 53386USASA, and “Optical Product Prepared from High
Index of Refraction Brominated Monomers,” having Attorney Docket Number
53254USA4A, each being filed on even date herewith. These alkyl-substituted
20  brominated aromatic ester (meth)acrylate monomer (also referred to herein as “the
Brominated Monomer,” or “Brominated Monomers”) can preferably exhibit
physical properties that allow a polymerizable composition containing such
Brominated Monomer to be processed (e.g., blended, pumped, filtered, or
otherwise handled prior to polymerization) at or near room temperature (e.g., in the
25 range from about 20 to 25°C) to produce a high index of refraction optical product.
Thus, the Brominated Monomer can preferably have a relatively high index of
refraction, e.g., 1.50 or more, preferably at least 1.55, and can prefefably have a
relatively low melting point (e.g., below about 60°C). These Brominated

Monomers can have the general formula:




ThusZthe Brom nat ed Monomer can preferably have a relatively high index of
refracti on,we.98/50441. 50 or nore, preferably at |east 1.55, andPCHS97/16012
prefferably have a relatively low nelting point (e.g., below about 60C).
Thegse Brom nated Mononers can have the general fornula: -7- [err] (5).
Informula 5 R can be hydrogen (-H) or neth (-CHerr]), Rerr] can be a
stfai ght or branched al kyl, and x can be in tfeR ange fromabout 1 to 4,
with the conbination of these chosen vari pref erably bei ng chosen such
t Hat the Brom nated Mnoner 5 has an index & refraction of at |east
1/50. Most preferably R err] can be a strakght or branched al kyl having
from about 1 to 18 carbon atons, sglgp @ apaut 3 to 12 carbon atons.

err] and each Br can be positioned*ei rto, neta, or para to the
ster. A particularly preferred cl ass of “B¥Om nat Mononer are those

‘conprising 10 an aromatic portion substituted wt anAa_I kgl at the
posi tion ortho Inforrala §sRaan bebydriogem 6H) dremethyl (4)Hs)RE cen he R straighkorir e

O v AL, AR 35S W e B4 shST bl g
particularly 5 e Gheh! &ﬁaﬁ@%@ﬁf&%b&%g%ﬂb&n%&?ﬂﬁi the?z%’i?ﬁﬂ&‘t%d Mﬁxdu&?at ed
t aromatic-ring, or O and p

at the 4 and 6 positions on | ara to the ester
substituent:s hasaniddex of refraction of at least 1.50. Most preferably R* can be a straight or

branched alkyl having from about 1 to 18 carbon atoms, such as from about 3 to 12
carbon atoms. R* and each Br can be positioned either ortho, meta, or para to the
ester.
A particularly preferred class of Brominated Monomer are those comprising
10  an aromatic portion substituted with an alkyl at the position ortho to the ester

substituent:

©),
wherein R and x are defined above, and R' can be any alkyl sufficient to provide a
brominated monomer having an index of refraction of at least 1.50. In a particularly
15  preferred embodiment of this monomer, bromines are located at the 4 and 6

positions on the aromatic ring, ortho and para to the ester substituent:

.8-




(7). Particular nononers according. to formula 7 include

4, 6- di br oN¥O 28/504ikY/| phenolic ester (nmeth)acryl ates. Pref er r eRCHUSPHKOLZ 51 ¢
mononers wherein the alkyl (Rerr]) has from3 to 4 carbons, such as the
follow ng: 5 4, 6-di brono- 2- sec-butyl phenyl (neth)acrylate: (7.1);

4, 6-di brono-2-tert-butyl phenyl (neth)acrylaye: [err] and,

4, 6-di brono- 2-i sopropyl phenyl (neth)acryl atg™R-9- [err] A second
particularly preferred class of Brom nat oner conprises an aronatic
portion substituted with an al kyl grloup gt t position para to the ester

substituent: [err] 5 R
Figure 8, R and x are as defined with
a straight or branched al kyl. Preferab err] can be an al kyl group
having fromabout 1 to 18 carbon atons, wdre preferably fromabout 1 to 12
carbon atons. Also preferably, the nonongr can have at | east two brom nes
attached directly to the aromatic ring. I n a(ﬁarti cularly preferred
enbodi ment of this nononer, bromnes are |ocated*at the 2 and 6 positions

on the aronat Particul® mdhdalerdRicBEdifg td forintld incRidde d6-dibpoinbi2alkyl pHeaolid - 10-
ester (meth)acrylates. Preferred of these are monomers wherein the alkyl ®" has

Br _ (8. In
bnce to Figure 1, and Rerr] is

from 3 to 4 carbons, such as the following:

5  4,6-dibromo-2-sec-butyl phenyl (meth)acrylate:

Pa
0™ Yo
\/H@Br
Br

(7.1);
4,6-dibromo-2-tert-butyl phenyl (meth)acrylate:

P
0™ Yo
X@Br
Br (7.2);
and, 4,6-dibromo-2-isopropyl phenyl (meth)acrylate:




Onefparticularly preferred para-substituted al kyl group is nonyl, giving

di bf omi nat e¥OA345844y| phenyl (neth)acryl ate nononers, such as PCHUSPHIEMO- 4-
nonfyl phenyl (meth)acrylate: [err] 5 Another particularly preferred
paja-substituted al kyl group is dodecyl, giving dibrom nated-4-dodecyl
phenyl (neth)acrylate nononmers, such as 2, 6\gi br ono-4- dodecyl phenyl

(et h)acryl ate: [err] The Brom nated Mononer n be prepared by any nethod
general ly useful 10 in preparing bronmn henol i ¢ conmpounds, and in
darti cular al kyl -substituted brom nated ghendic ester (neth)acrylates.

uch net hods are well known in the ¥rt. By one particul ar nethod,
an al kyl -substituted phenol is brom na produce a brom nated
-al kyl phenol . Al kyl phenol s are comrer ci pvai | abl e, anong ot her sources,
from Schenectady International, Inc. i cal Division, 15 Schenect ady,
NY. Such al kyl -substituted phenol S can bd brom nated by met hods that are
generally known in the chemical art, andBare des&/gf for exanple, in the
Kirk- O hmer Encycl opedi a of Chem cal Technol ogy, ure 4, 543 (4[err] ed.
1992). An exanple ofAsetfeh@aﬁrceﬁﬂﬁréfeﬁr@d Elas B rohfintéd Mdndeher ¢bmbtibest 0

al kyl phenol is as follows: - [err] The brom nated al kyl phenol can
be esterified tamorpaumpmtoambstmx}wmmsmal grouprad theposisibnrasato the esterer
(meth)acryl ate, @{ ﬂ@ctl on with an appropriate acid chloride. The reaction
between an al cSHBYUEHE an acid chlioride is well known in the 5 chemi cal
art, and is described, for exanple, in theKirk-Qhnmer, Encyclopedia of
Chem cal Technol ogy, volune 9, 769 (4[err] 1992); see also United
States Patent No. 3,845,102. Inhibitors, thRas phenot hi azi ne or

4- met hoxyphenol (MEHQ) , 0~ Yo

Bry

5 (®).
In Figure 8, R and x are as defined with reference to Figure 1, and R is a straight or
branched alkyl. Preferably, R? can be an alkyl group having from about 1 to 18
carbon atoms, more preferably from about 1 to 12 carbon atoms. Also preferably,
the monomer can have at least two bromines attached directly to the aromatic ring.
10  In a particularly preferred embodiment of this monomer, bromines are located at the

2 and 6 positions on the aromatic ring, each being ortho to the ester substituent:

Br Br

«10-




can be used in such an anmount to provide protection from pre- olgqrreri zation
of .t he noW@B%tring its synthesis and storage, while not é’foTé'g 7(16912
i nfluencing the 10 subsequent polynerization. Wth respect to the

Br om nat ed oner.of. the present invention br onmi nat ed .al kyl phenol can
be-r eact od wiFE B Bestrr el pararnigttyred o Derauns plvfreiNRely | st yr ene
nmononer can Rfbrénfabted-A0fongT %ﬂdﬁypﬁﬁ@hﬁéﬁym@ mdnbefY) Sud askb6-diBtofho-4-
conmononer (s), preferably high inhdex of refraction Conbnoners, to prepare a
pol yner i zabl enonghpheniyt (nuethYabydatean be processed to forma useful optical
product. For purposes of this description, a high index of refraction

conononer can be any pol ynerizable materialN\(e.g., nononer, oligoner,
pre-pol ymer, copolynmers and polyners, etc.)/>Raving an index of refraction

of at |east about 1.50, and being 20 c e in the presence of nethyl
styrene of being polynerized to produceja ueful -12- optical product.
As will be apparent in light of tBrarikQus Branples bel ow, the nol ecul ar

wei ght of a conmonomer can vary greatl anount of nmethyl styrene

nmonomer present in the polymnerizable ition can be any anount that
will allow the production of an optica oduct having desired optical and
mechani cal properties. For exanple, whille amounts outside of this range can
al so be useful, it can be preferred to liroglggout 5 to 40 parts by
wei ght, and nore preferably fromabout 10 to 2 rts by weight nethyl

styrene no t i I s)z(ﬁ;gj C rm%si tion.
Cormnorrep?, %Oth I gh |%gé@gge?&?$£gﬂ§§%ﬂ£%ﬂgﬂmg , gg%l, gil sO be
present in t hiibrooliyated-dzdddeeyl phemwd {meth)acrylateangnamers, such ap 0;6-dibfamo-4-

i nstance, co oner can be present in an anount in the range from about 60
to 95 parts gﬁ’%\ﬁ&i@h “Yq Q‘S?R’X‘P@Fably fromabout 75 to 90 parts by wei ght

based on 100 parts pol yneri zabl e conposi i§\
. R

0™ %
Br Br

12Has

(11).
The Brominated Monomers can be prepared by any method generally useful

10 in preparing brominated phenolic compounds, and in particular alkyl-substituted
"brominated phenolic ester (meth)acrylates. Such methods are well known in the
chemical art. By one particular method, an alkyi-substituted phenol is brominated
to produce a brominated alkylphenol. Alkylphenols are commercially available,
among other sources, from Schenectady International, Inc., Chemical Division,

15 Schenectady, NY. Such alkyl-substituted phenols can be brominated by methods
that are generally known in the chemical art, and are described, for example, in the
Kirk-Othmer Encyclopedia of Chemical Technology, volume 4, 543 (4" ed. 1992).
An example of such a process with respect to an ortho-substituted alkyl phenol is as

follows:

-11-




The cgnononer can conprise one or a conbination of one or nore cononomner(s)
and/ hi gh YOR86%443f refracti on conononmers. For instance, thePCDMSHUIGOI2 can
conprise a mxture of one or nore of (neth)acrylate nononmers (including
nonof, and or rnultifunctional nononers), and aromatic (neth)acryl ate
nmongner (e.g., a brom nated aronat i@H( et h) acryl at éOHononer). In a

partlcul arly preferred enbodi 4 i
set hy stg‘r n,:.q--- from about 10
K jnoner, e.g., an

(?’m about 10 to 25 parts by Wei
¢ nmononer, om about 65 to 80

15 parts by wei ght nonhalogen
mat i ¢ nonhal ogenat ed (neth)ac

p rts by weight of one or a conblna i on of aronatlc hal ogenat ed nononers

stich as aromatic brom nated (neth)acrylate nononersa. The conposition in

ccordance with the present invention is polynerlzanle Pol ynmeri zati on can

be acconpl i she uspal nmeans, such as heating in the presence of a free-

radical initiat rmnatﬁdaﬂkymem%n&e@émﬁ%@]mdm aual&ykwsgmm as

ul travi ol et or g U|t hOtO.I ti tors
and by el ect for ea%eaIghhﬂ;rﬁ&aég{éﬁbngqlﬁcgﬂg@cﬁ%%ggé B e{qp&q t he
preferred net heHlopide P Thy fekctigibitieen &n Bicohdllzad 'aﬁtabﬂrbh‘!&ridé iy Well%’lb%% t}‘ihr
visible light in the presence of photoinitiator. Exanples of

phot oi ni ti afor shemigel a, @ndussedeambed, fdﬂ@xpnplpmrthlenﬂceOﬂmqundzyompedm&f

| ud bl e Ce f
Tarrytoun,  NewCPSTICel Rerno RRY. YOISHE Suid tivoed 1ty caee s n%}ﬁi‘tebg' Bhr
4265, |rgacur e N 3,841 192C UalIbitG8 Such b8 BRéothinfite of 4-I5thS &@ﬁb)

p osphi ne*dxi de

| rgacure 184 and Irgacure 907. Photoi nitiators containin

derivatives ar @alpb%ﬂ&ﬂdnaducmwm teprqyidet protectiomfrom pre-polymerization of thePO
(2,4,6-trinethyl benZOé 1%{@ hen pho phi ne oxj.de commercially available
from BASF of Y}ﬁ ﬁ‘i"ﬁgﬁ while pot excessivehpinfluercing heent i n

aount | 10" sisegal podagi S I

pol ymeri zabl e conp
present mventaon a brominated alkylphenol can be reacted with a (meth)acryloyl

chloride as shown:

De
OH 0" Y
R Br R Br
(meth)acryloyl
~Cchlonde >
Br Br

Methy! styrene monomer can be used alone or in combination with one or

15 more comonomer(s), preferably high index of refraction comonomers, to prepare a
polymerizable composition that can be processed to form a useful optical product.
For purposes of this description, é high index of refraction comonomer can be any
polymerizable material (e.g., monomer, oligomer, pre-polymer, copolymers and
polymers, etc.), having an index of refraction of at least about 1.50, and being

20  capable in the presence of methyl styrene of being polymerized to produce a useful



The pol yneri zabl e conposition can al so contain one or nore other useful

I ngr edi ent WQ9840441as wi Il | be appreciated by those skilled inpdragyohsorer

art, can be useful in such a polynerizable conposition. For exanple, the
radi ation curabl e conposition_m ght contajn a crosslinking agent, one or

more sur f act arRRicalprousct; As willheapparegbinylight pftheivarionsenasinles below,theot her
I ngredients t el | yner.j.zabl e conposition or

opti cal produgﬁ{’le@agrhalgiﬁgfgﬁéor#ﬁsﬁ%% ché%mrﬁ% d in the conmposition in

anounts known to beTkd 6irit\of nietlyl sfyfdre e pré@ntitRO pEEmefizabl€ss! i nki ng
agent can be useful to increase the gl ass transition tenperature of the

pol ymer resul tGoRpositiomcen be eny ambunt thatoviallpwethe priduetion of as opficah pradues s
transition_tenperature of a conposi,tion can he asur ed, by .net hods known in
the art, sachr@é"%i#‘%?‘g?ﬁtfcéf “@Eﬁ%aﬂﬁ%{%‘?ﬁlﬁ%t F exgmypje, FMAUBEF DSC
(MBSC), or Dy lide MM an%@ ' QF@%H [ f
sui tabl e cross%ﬁ? ng agenge;éi nc uydiﬁ%f‘g’l y %ﬁﬂﬁﬁidé?uﬁ?ﬁ?ﬁ%u?% 9
ter epht hal at e,40lpatsdhytweight2 atdmbte preferabiyx fteiabont $6 té QSEhﬂEby t m;atlléyl

- cure

crosslinkers that are comTSr cially available as, e.g,, EB 220 (|
of Snyrna GA) SEERRS RPpemer; based an 100-nagts by yesight pelymerizable compositiadcur e)

Ebercryl 693, CNll?é@g onerqy. 1k CleYle 6602 (trifunctional, aromatic
ur et hane acryl ate). rgétgﬁ% |{7§" i“ﬁglﬂgo yorir.%%flr% 'ﬁﬂtcé?’iogP"WC(tF* cﬁ%alé?%’gsl i nked
suf fici entiby tpregenvinitile polyglefizablé Eaipositiod inlagyRSeral dthsunt U FbE Gistambs y hi gh

that the polynmeric material is resistant to groove tip deformation.
Addi tional | y, comonemsr egrnche prgsant i andamouny iptheyrargd framiaboub60 td85 parts by

conposi tion, e re.of the c sihihion js maintained at a
temperature t ha?glﬁtsﬂigg{@{ef'eggbl%ii °m aﬁ’gﬁ’?‘f‘? ?5?%3{’ Batt %W@%M@H@ﬂp@%@ﬁ zed
conposi tion (ipofmerizablelcompositio®! | ghtly bel ow the m dpoint Tg as determ ned
by MDSC). The tenperature of the -14- conposi tion during polynerization

can be control | ed BShecomanomier qan cdmpriserone s acombirfativh ef paé pratare abl e
or both. Surfactants such as

conpositiqp, the te rat ure .of, the st.er,
f1 uor osur ?gct ant neg‘ﬁﬁﬁ)eaq%lhﬂﬂb’&g?’ﬁa? pran camenomars.  For instance, the

comonomer can comprise a mixture of one or more of (meth)acrylate monomers

(including mono-, and or multifunctional monomers), and aromatic (meth)acrylate
monomer (e.g., a brominated aromatic (meth)acrylate monomer). In a particularly
preferred embodiment, the polymerizable composition comprises from about 10 to

20 25 parts by weight methyl styrene monomer, from about 10 to 15 parts by weight
nonhalogenated (meth)acrylate monomer, e.g., an aromatic nonhalogenated
(meth)acrylate monomer, and from about 65 to 80 parts by weight of one or a
combination of aromatic halogenated monomers such as aromatic brominated
(meth)acrylate monomers.

25 The composition of the invention is polymerizable. Polymerization can be
accomplished by usual means, such as heating in the presence of a free-radical
initiator, irradiation with electromagnetic radiation such as ultraviolet or visible light
in the presence of suitable photoinitiators, and by electron beam. For reasons of
convenience and production speed, the preferred method of polymerization is by

30 - irradiation with ultraviolet or visible light in the presence of photoinitiator.

Examples of photoinitiators that are useful in the polymerizable composition

This Sheet Has Been Replaced -13-
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conpgsition to reduce surface tension, inprove wetting, allow snoother
coat f ng andWoOB8é04ddef ect s of the coati ng. Speci fi ¢ exanpl eBCHUSYKSOIRA
surffactants inc¢lude nonionic fluorosurfactants sol d by the 3M Conpany of
St. fPaul N under trade FC-430, FC-1 FC- 74 uch
surfactants caﬂ“ﬂﬁé‘? ﬁB? Yeagt b F‘ﬁ“@‘i F“y?&mﬁﬂﬁﬁﬂ{l& vy &ﬁ@m&%ba gegm fin an

angunt in the r 0
pof ymeri zabl e C-F%%S ﬁg%nw OQ%}J]&E %ﬁg‘?{‘téé@dmﬁ%ﬁ‘%@ &#‘Féﬂ}%%a’nd/ or
pifgnent s can bdrgatdrds 510 Iighcurp 2800/ Hrgacar?! 3659¢ igpase 1700) and Ifgadere 184 andpr ove

pyocessing, to inpart slip and scratch resistance to the polynerized
terial, or tdreacped07o hO&mtlpﬁosfp@qmma@g@h nh@lw%@n@auemp orefenred.

e o A R R T [P35 B BT

‘ol ypropyl ene, gkt 6:a8¢ SRR aoanmm&enﬂxspbmm&&q«eofnﬁxarml es of

inorganic fillers and pigments include solid or hollow glass beads, silica,
zi rconi a, al uniphotoinitiatoy daropiefarablybel peisentin almdn’ﬂsmtmraﬂ'gaefrméhl-ﬂamaﬂsl e

si ze can be between 0O m crong err and the particles can be
i ncl uded in th«?yp%?'gﬁfé’refig P%‘T%Wﬁ’é‘ %igfh ’éﬁ?”!ﬁﬁ?&%si tony HBh)r ange from
0.25 to 7 weight per r n’{&'l: nt .
The present inventi O’I; crl zggleggbl?capb%ﬁ%g%g%g&(}é?i&\?gﬁ rom netr%%fﬁ?

st yr ene norneringrédients phat cal willibedpptectated hyethasy skilleddn sy peiymepirt kaaae and

useful high index_of refractlon optical products or articles, for exanple
optical | enses,ussfl insych aipolymesigeble sempesition. rnexamplee theadiation cunahle

m croreplicate t

bri ght ness enh}r?gdgr?egﬁ? ﬁ?'ﬁ E" B0 ?ufogfﬂnmn%n%?{“rf’ é’?ﬁlﬁ{]g‘r‘s&a"ﬂé rgrger?einé(tt ive
sheeting, opti diler, pqutneﬁkitiﬂhﬁnlﬁbltdrﬂ,m otﬁé’tdng‘k&eﬁﬁ thatftén pé Qgefal withinQf
optical products from hi gh index of refraction sp ynmerizable materials is

descri bed, for w)aanwzebleucnmmslﬂ@uomm@kpmdu@tm uch ingredigrts sampbe mehidedin cal
product cansco

M cror epl | it odot eghupRic inRBieta K ito B Mo thet HRSTITRRYPPSS, y1 ene

lm)nomer 15Pr eferred Qlﬂbfdéglnkﬁfg%@ﬁﬂ&n%re%s&ﬂpﬁﬁn&m the BIis féndiiorPPt i cal
ayer -15-

-

temperature of the polymer resulting from crosslinking the polymerizable
composition. Glass transition temperature of a composition can be measured by
methods known in the art, such as Differential Scanning Calorimetry (DSC),

20  modulated DSC (MDSC), or Dynamic Mechanical Analysis (DMA). Tllustrative
examples of suitable crosslinking agents include diallyl phthalate, diallyl
terephthalate, 1,3,5-tri-(2-(meth)acryloxyethyl)-s-triazine, and crosslinkers that are
commercially available as, e.g., EB 220 (UCB-Radcure of Smyrna GA), Ebercryl
3603 (Acrylated epoxy novolac from UCB-Radcure), Ebercryl 693, CN112C60

25  (Sartomer), Ebercryl 6602 (trifunctional aromatic urethane acrylate). Preferably,
the polymeric material will be crosslinked sufficiently to provide a glass transition
temperature sufficiently high that the polymeric material is resistant to groove tip
deformation. Additionally, it is preferred that during polymerization of the
composition, the temperature of the composition is maintained at a temperature that

30  is equal to or slightly below the Tg of the polymerized composition (i.e., equal to or
slightly below the midpoint Tg as determined by MDSC). The temperature of the

\ -14- _
i R

LY




prepar ed from met hyl styrene nononer, e.g., a mcrostructure-bearing |ayer.
M crost rucV@985Bétring articles can be constructed in a vari BEJUSP7 1M rs,
i ncludi ng those having a series of alternating tips and grooves sufficient

Do i A A A S Bl SR
of SYITet 11 Cal of th0 BoBAAAONR posich fhediAFRaSte bP et tfyaiTbf Bofie 1 whi ch

the tips and grooves are no (rfcal a e’ sl ze,

orientation, or di sSurfuceantesuchas flubsitfatams darpboincladed in thetpolymedrizable
Preferred exanples of mcrostructure bearing articles_useful as brightness
enhancenent f i Gompositionda seduce surface tension, improve wettingoallawsmaothes coating) 3o

and Lu'ei 41 v Siosbr g obilihe i, SHRERE MlnlePpf BRANSIRLANGCT D1l

i ncl udi ng t he jaélg@¢nétiotia Bubfosadidiis eolatbyﬂmm&h?awﬁ&smﬂlm nider
depositing the polynerizable conposition onto a naster negative .
mi crost r uct ur ebe tmatenamesFCM30FCrl 7TAnaahifChTd0b Such yurfactdrits cambe included irf j | |

the cavities of the master; (c).filling the cavities b Vi a bead of
the pol yior : 2P BOBBHBERE POMPONAY & 8-dn B SroRHLR hacbs fo AHHONER o

| east one of ' ' ' 1 031%’1( ' Ui on. The nmaster
can be et allyﬁg?‘ﬁgﬁgﬁyyg%?kﬁp ni glfg%-p az'%d;el cggl Bgﬁg}gmﬂgass, or can be a
t her nopl asioi ¢ mat erPelymeHiabeads, inbrgahie fillerseand/trepigmientyean batadded toothdi ti ons,

and that preferably has a surface 20 energy that allows clean renoval of
the pol ymeri zRPlyragrizable compesition én asder to IMPEOYS HOEPSSHIG, &mﬂ@manéf an

opti cal produc ' ' | Sa i ' ' . |11 ing a
P er oot r het ar Sph fefanb e BBnibricbd Hiterl 8 10 b difibal broberibobt b

Fi gure, bri ghtpuivnfiertdedandenanExamples sPusefillipolygeficlbrads include thosemshdefi cal

| ayer 4. Optical |ayer 4 conprises a linear array of regular right prisns,

25 identifi ecpalystyrens polyacrylntes; copalyraers of styeang apd iasrylates; pobyg , prism

6, has a fjrst_facet ;10 an econ acet 12..The i S 1 and 14
ot e for aodon BoRGhyIFRe, BOfRbEARRyIdE r combids R e Braplesir *0°
formed and a Sﬁé@'ﬁﬂic&iﬂéﬁs&ﬁﬁ g?éinéd%ﬁinciu&g SoIRPOYIIod gldssiBealis, Bilich] Afvhiagnd

opposite first surface dyrlght prisms it is .
aluminum trihydroxide, and titanium dioxide. The mean particle size can be

between 1 and 20 micrometer (um), and the particles can be included in the
polymerizable composition in an amount in the range from about 0.25 to 7 weight
20  percent, more preferably from about 0.25 to 2 weight percent.

The present invention describes optical products derived from methyl
styrene monomer. The optical product can be any of a Variety of known and useful
high index of refraction optical products or articles, for example optical lenses,
optical films such as high index of refraction films microreplicated films such as

25  totally internal reflecting films, or brightness enhancement films, flat films,
multilayer films, retroreflective sheeting, optical light fibers or tubes, and others. |
The production of optical products from high index of refraction polymerizable
materials is described, for example, in United States Patent No. 4,542,449,
The optical product can contain one or more layers, such as flat layers or
30  microreplicated layers, either of which can be derived from methyl styrene
monomer. Preferred optical products are those that comprise an optical layer
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nmeantf{that the apex angle [err] is typically about 90. However', this angle
[err]f can r #0p8/58481 from 70[err] to 120 and is preferably frorCBORSYI6PLI2t O
100[err], and, "it is not necessary that the corner be sharp, but it can be
ei thyer sharp or rounded. The prismfacets need not be -16- _ identical,
and/t he pri sns Prapgreddram meghyl shyranemenemer, €8, a suerostuetnre-bopsingdayst.i onshi p
bet ween the total thi s .24 th tic rtLcle.. hej 22 of
Dot ioen L e oMo i 5 SR LB R 8 e L8 i R
thinner opti cakhdsahevifig Wséﬁbs‘@ﬂ"altelﬂﬁtfiﬂ}g‘ﬁﬁ’s 4di BV’ Gafffeient\td PrRiduoe a tathllyp Of
prpsm height 22 to total thickness 24"is 5 eneral 'y between 25/125 and
2/{125. Met hyl stemelrefleatingfilm (FERF)o osmexampleiof such adilmds e brightngsthesi ve bond
sfrength between a high Jndex.of refractipon polyner derived from nethyl
yrene, an%i a %‘P&Bﬁ'ﬁ hete a’('ﬁ?&ﬁ%@gc}gﬂﬁéb‘é{qyg%"r@?ﬂéﬂ’féﬂna §§°é’3g§ﬂ
he production %.q,g} : : ;mﬁ :e1and
conposition suiqeg Ie&'?grﬁk L@W%‘a&%sgﬂg@g%tﬂ?@eaﬁlﬁ%%ﬁgﬁaﬁrgﬁ?@s pr%{g%t
‘desi gned t o coahd in whiblk tHel sias, ofientatigy, or distaneé betweeneiectipsadndgrooves isisstd as
the base material as long as the material is sufficient]y optical,lg%clear
and is of strudnifera. Brefesregienamples of micrastpicre bparingarticlgs usefidasbrighiness n a
particul ar opti r |, a | C to
have suffi ci en!te ﬁ@ggﬁ{s‘%g%s?%@e&n%ggé Id‘rlgt %ﬁﬁ?ég? %tgﬁéﬁét g’SZ?‘pg?’n%ﬁg’eqﬂof t he
optical 1510 pr QHScRatert NW1S, 1838817y conprom sed over tine. The particul ar

chem cal conposition and thickness of the base material for any optical
product can depend dyscemiinetodhe deseriptionsnf Lucandilieeteals 8 migrostractypr-beasing

ocict (|5 O SRR i b U I AL X0
optical layer @blyfferizabl'6dmsdsitiony Pﬁgggﬁéﬁtinéﬁ@fﬂdlyn%&%lﬂbﬁfbblﬁﬁﬁn EH&)‘ glde

cel lul ose acetaté butyrate, cellu acetate propionate, polyether
sul fone, pol ynsaster negative migrbstrustuned malding hurfeee ipah gmotat barglylsyfiicient to

Copol ymor s Wr - BRoee BBttt o) Bk Bhe Ve S Roena afesd pEBREN) . and

polymerizable composition between a preformed base and the master, at least one

of which is flexible; and (d) curing the composition. The master can be metallic,
such as nickel, nickel-plated copper or brass, or can be a thermoplastic material that
is stable under the polymerization conditions, and that preferably has a surface

20  energy that allows clean removal of the polymerized material from the master.

A preferred embodiment of an optical product of the invention is illustrated
in Figure 1, illustrating a microstructure-bearing brightness enhancement film.
Referring to the Figure, brightness enhancement film 30 comprises base layer 2 and
optical layer 4. Optical layer 4 comprises a linear array of regular right prisms,

25  identified as prisms 6, 8, 12, and 14. Each prism, for example, prism 6, has a first
facet 10 and a second facet 12. The prisms 6, 8, 12, and 14 are formed on base 2.
that has a first surface 18 on which the prisms are formed and a second surface 20
that is substantially flat or planar and opposite first surface 18. By right prisms it is
meant that the apex angle o is typically about 90°, However, this angle o can range

30 from 70° to 120° and is preferably from 80° to 100°, and, it is not necessary that the

corner be sharp, but it can be either sharp or rounded. The prism facets need not be

-16-



glass. Optionally, a base may contain m xtures or conbinations of these
mat eri al s; WOP8/50441 exanpl e the base may be nmulti-layered, or PERUSEUN02 N a
di spersed phase suspended or dispersed in a continuous phase. For sone
optical products,, such as preferred m craostructure-bearing brightness

enhancenent f iidentisaloand the prisms maybediltsd yeithwespsct ta eachitherd T hsorlaiorshirne

tor epnt hal at o Pz 180 SoRAERRER DA 3 the (et REFA e nd BE hilpnl s SFINDEERS, %0
t er epht hal at ejjs Agtcerivichll 'St tEd désrabieas use Rthtiv¥lylthinné dpticaPlayf WihNGEIPN,

Del aware. -17- Sone pref erred base materials can be optically active and
can act as poldefined prissmfacetsi 2\ typical ratiniof prigh height 22 & totélthizknessi2dris) are
known in the optical, produ t useful as polarizing materi al s.

Pol ari zati dn “?"P&Pgtﬂﬁ%gé{ﬁéaf‘égﬁgan be acconplished, for exanple, by
the inclusion of di ' ' | ' . | |

sel ectively absorb Mpg{ggil ng Iiégﬁp&ﬁ%@h%shrbg@?%‘%Llﬂ?é?ét&t%%&?fé}%%hg%éﬁ% erials
such as al i gnatrengthdbetéens; high iﬁﬂaﬁoﬂtdﬁlaUMmYmWSﬁddiv&aQ‘foﬁﬁﬂxeihyl StyEemef i nuous

film such as droplets of |light nodulating |i q)%d crystal s dispersed within
a continuous fand#nuger pisubsteass (hases:pribasedayershofienussdiimthe prpdudionsof

di f f i i zi terial within the fi.l be_al i gned
int o a pol ari SPHENProd s RRNasE bl SR or3 nablek ab chBrstioTafPbItEr Rt e
film the1applia aRbptical pfodibest!, apréduchBesigiedto thitrithe BBHM ?ﬂ%hi. eAltogiues,

etc. Exanples of polarizing films include the polarizer filns described in
Assi gnee' s copaymateriaboan bejussdas the trae materiabas loog s the matedalie sufBoiently

Number 52008USAGA Lication Serjal 08/ 610, 092, Assi '
15 copendi ng SPHPIGFIE APl ARl siFeath s BhespRLIA SYoRINBEd REdber
52319USA7A an@viﬁ{ﬁ?h?;ﬁﬁich’ P optidal prodiled! tl%l f&ﬁ{lﬁ %%a%%ﬁrat&ﬁ?@ari be ﬁ%s td-ebruary

29, 1996. The use of these polarizer filns I'n conbination wth a brightness

enhancenent f have sufficienteresistencertobemperatufeand aging that penferneinog of thetoptical
15 product is not unduly compromised over time.

The particular chemical composition and thickness of the base material for
any optical product can depend on factors such as the requirements of the optical
product that is being constructed, e.g., balancing the needs for strength, clarity,
temperature resistance, surface energy, ability to adhere to the optical layer or

20  another layer, etc. Useful base materials include cellulose acetate butyrate, cellulose
acetate propionate, polyether sulfone, polymethyl methacrylate, polyurethane,
polyester, polyvinyl chloride, syndiotactic polystyrene, polyethylene naphthalate
(PEN), copolymers or blends based on naphthalene dicarboxylic acids (coPEN), and
glass. Optionally, a base may contain mixtures or combinations of these materials;

25  for example the base may be multi-layered, or may contain a dispersed phase
suspended or dispersed in a continuous phase.

For some optical products, such as preferred microstructure-bearing
brightness enhancement film products, preferred base materials include polyethylene
terephthalate (PET) and polycarbonate. Examples of useful polyethylene

30  terephthalate base materials include: photograde polyethylene terephthalate; and
MELINEX PET manufactured by ICI Films of Wilmington, Delaware.

A -17-




St at Pat ent Application Nunmber 08/807, 262, having Attorney Docket Nunber
20 /52008UBM@XA8/50441| ed on February 28, 1997. A second exanpl eP€F/UEI7/16012
polafizing filmthat can be used as a base are those filnms described in

Applfi cants' copendi ng Unit at es Pat pli.c on Nunper 08/402, 041,
havjng Attorney Doc kg‘?m?\lﬂﬁégﬂ @8%’7‘6‘:?,5& °aP é’at'ﬁﬁltyl\?ﬁ%%a’l CaMAH8S e
exgnpl e of suc r e fMd rCl

mulftil ayer fil tgﬁso 1tn }e?ﬁt %‘e trae%j géiﬁgan |ggnm‘BEEar€ DgglmﬁBﬁg ttﬁ:g)ss

Enhancenent Fi Iprbdudtrawmtﬁems%ﬂ &spolarivingdinatetials PRolarizhfion dfleght siwoogh afith a
ltilayer polarizing optical filmin a brightness _enhancenent fil mhas

bgen descri bed 2 bagseomplished, %Wé%l%@ym%ﬂ%&féﬁ‘rWBﬂl@“mﬁm efimon

aroh 10, 30 Teodal WEPsdloh gl bscrk peine B Sy e o norkat €, U7, o

and as w || be mgergs sadhadd allgnédhﬁiéﬁcﬁlbbuﬁgcdﬂﬁnﬁm phaké @isperbsdd@uct s art,
ot her polarizing and non- p0|arlél g 6ns can al so be useful as the base
s$p

for the opti calcoptlmmﬁlmf suchas hghtmmmglliqstd mstaladluapmnémme
materials could in ude hos E’él ns descfﬂ%fr i n., Uni é&% Pat ent
Nunbers 5, 612, gotPnt H’SB"QB PrepRrng} gnypicrefy EIY‘V%\S f"fhe base
filmcan opti OﬁﬂitEMaIEeTB ﬂgn;a;e%ﬁl mhrn%e %f?b@&'ﬂ'g‘?éﬂ on é’“ tlcal
cknes a epen

| ayer to the base a partlcu se can
t he above- diescrorieathtionpelpy, byrmet}mdskudzﬂm styetchirgg thpfhd;mhbapﬁlxdahonloﬁelsstncn the

range from about 0.025% %{ mllinmete (m) to 0.5 mllinmeters can be
preferred, wit PrAMAERERK glds, qoﬁt“iﬂwfécl?’!i%f'é $€om about 0.075 nillimeters to

0. 275 m 111 et er s Dok aRRGoblihe S SR g BOaATi ik dbabrBlalny Pl o2/ Y

directly contacts th yer, Sl ze and t hi ckness
al l owi ng the omssmlee s @ppending UnitedcStates PmncApplicﬁhen mmrﬁémodiet Nugitier

Thus, the opti cal Uger can be a flat film or the o t| cal layer can bear
52008USAS6A and Application Serial Number 08/610,092, and Assignee’s
15  copending United States Patent Application Attorney Docket Number
52319USA7A and Application Serial Number 08/610,109, each filed on

“February 29, 1996. The use of these polarizer films in combination with a

brightness enhancement film has been described in Applicants’ copending United
States Patent Application Number 08/807,262, having Attorney Docket Number
20 52008USA2C, filed on February 28, 1997.

A second example of a polarizing film that can be used as a base are those
films described in Applicants’ copending United States Patent Application Number
08/402,041, having Attorney Docket Number 49837USAIC, filed on March 10,
1995. One example of such films that are available commercially are those

25  multilayer films sold under the trade designation DBEF (Dual Brightness
Enhancement Film), from the 3M Company of St. Paul, MN. The use of such a
multilayer polarizing optical film in a brightness enhancement film has been
described in Applicants’ copending United States Patent Application Number
08/402,349, having Attorney Docket Number 49838USAS8C, filed on March 10,

30 1995.




15 a structured or mcrostructured surface that may be of any of a nunber
of useful WRBEP e.g., of a regular or irregular prisnati BCRAUSEVESOIHT an
annular prismatic nature, in the formof a cube-corner pattern, or any

th | enti cul 1 .51, t .. A pr.i ght . h t fil [ [
known, can typi cal | B Bstefdase BRisRaRis tol Axchrie, 35 bl de peerelad e User
and a displ ay pagedkillddtinte SptidabprodaQy 2 Cother ﬂ?lariﬁnggnd n&ﬂ?ﬁiaﬁ&inh'ﬂh‘ﬂbd

crystal display. The brightness ‘enhancenent filmcontrols e exi't angl e of
the |ight eni tcanchisorbemsefud as thyitase fontheoptiabipioductafshs invemtidon. | 4shor dist of

Shar per' | mage QgAgBALHSE BRG] PERAETEsS Bl EPSBRLp DU SEA al | ous
the power qf tmgét: g bé’?gfﬁﬁﬁg,%fﬁﬁﬁ‘,‘?ﬁto produce a sel ected

bri ght ness.” The ness’ enhantenerit in 25 the backlit flat panel

liquid crystal di spOay or fousoef the surfaces of fhetbake flne barfsp bepfimeé of. ,
| apt op conputers), televisions (eég.i, personal televisions), video

recorders, nobirtatedonpromoteadhesion of thecapticaldayes e thedimisee and avi onic

i nstrunment di spl ays~ The i nvention.will, be nore fully appreciated w th
reference to the foﬂ’%&)“a‘é’eﬁo&q R%’?H‘%&aﬁ?ws&éwfﬁxﬁgﬁ%ﬁé’%’ . ‘-"r\%e_d _
Measur ement of rebrgikéradits ¥PthedpfXal Pasduce! AdRickies iM‘é*aﬁge fr&flaBo@BeS! L1 ons
and cured fil s were neasured using an Abbe Refractoneter, made by Ernm

Inc., of T®kyomilipeters () toi &5 milimeteds tan Ye preferre@cwithiaithickness invthesangarent
of Viscosity The viscosi . uncure SL conpositions, re_nade using a
Br ookfi el d K/b ?mlf‘bo% @b@iﬁﬁh?‘e@éﬁt"a@léﬁmﬁg‘ﬂfg %Wegalﬁp e. 10g
Measur ement of Bri ' ' ' .aht iNg or
SRR Gl S0l AL LD il B8t

"gain" is the ratio o nes
size, shape, and thickness allowing the optical layer to direct or concentrate the

flow of light. Thus, the optical layer can be a flat film, or the optical layer can bear
15  astructured or microstructured surface that may be of any of a number of useful
patterns, e.g., of a regular or irregular prismatic nature, of an annular prismatic
nature, in the form of a cube-comner pattern, or any other lenticular microscructure.
A brightness enhancement film, as is well known, can typically be positioned
in a display panel between a diffuser and a display panel lit by a light source, e.g., a
20  backlit liquid crystal display. The brightness enhancement film controls the exit
angle of the light emitted from the light source, and increases the brightness of the
liquid crystal display panel. The increased brightness enables a sharper image to be
produced by the liquid crystal display panel and allows the power of the light source
to be reduced to produce a selected brightness. The brightness enhancement film in
25  the backlit flat panel liquid crystal display is useful in equipment such as computers
(e.g., laptop computers), televisions (e.g., personal televisions), video recorders,
mobile communication devices, and automobile and avionic instrument displays.
The invention will be more fully appreciated with reference to the following
non-limiting examples.

30 Examples
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di splfay (e.g., a liquid crystal display or LCD) with a brightness enhanci ng
filn (BEF) w@n9s#0éd to t he photopic brightness of the displayP@Irfussuteothe
BEF /(backl i ght "only). 15 Phot opi ¢ brightness with
BEF/Phot opi ¢ brightness w thout BEF The brightness of a Sharp backli ght
nodel C12 P di s‘}il%&%rewmpéﬂeﬁ?c'a"qw%tt Packard E3611A DC power supply

wag neasured with a W . ' ' =100

Phpt omet er. The BEF esre?ﬁgt(%:l‘;eedg%% %ﬁrlgggGgmglggﬁ{nlgs}@%%%e\b%%ﬁ%@ ﬁé

pri sns paral | elysirg dnSbbeRéfratidrhieter, nidde bR Erai 188! of Bokyd Rphiandldisttibutedance
ter. An acrylic frane was place on top of the BEF to keep it flat agai nst

t he backl i ght. tafKigher ®gientifiey f or three ninutes, the on-axis brightness of
tthe di splay was nmeasured in units of foot-lanberts. The BEF was then
enoved and3the bri ght ness was neasured i medi ately afterwards. The ratio

f these two 2 &4 PR5 rted as the gain. Viewng angle is the
rangl e at which teé On*_'%)%?g bricg gﬁess has dropped by 50% in both

hori zontal and vertiTie visdoaity sf uiidueedhresinapnipositions wareRhkdeusingis Baddkfield
parallel to the Ioniaxis of the dis%ﬁ. (me, horizont&l pl ane i s defined
as the plane pMafeld;V vscometensetab3P REM andusingadd spindlg pl ane i s
perpendi cular to the mcroprisns. 30 Gain and view ng angles were
measured using a typical 10.4" TFT (thin filmtransistor) display and an

EZConst r astoCorveasitemet ot Brightivss Cuvh and VibwingAhgle i s manufactured by
El di m Conpany of Caen, France. The device neasures -20- bri ght ness over

120 degree cone of |Thmbrightesss gaintor 5gainy isghe rasiosofiphotapie brightness of a haeklit

ter). Fh d f ' t f ol | OWS. o Ih
cpl ay ens. ver SRS H of H84 PP BePal BRI o g BE bl e, o
di spl ay. Recor {BER compared 13kt ﬂvlﬁhﬁﬂﬁc dfightaess! dfahe displyp GathbhethBEERN

display, with mcroprisns facing the
(backlight only).

15 Photopic brightness with BEF
Photopic brightness without BEF

The brightness of a Sharp backlight model C12 P display, powered by a
Hewlett Packard E3611A DC power supply was measured with and without BEF
using a Minolta Luminance Meter LS-100 Photometer. The BEF was placed on the
20  backlight with the microfine prisms parallel to the long axis of the backlight, and
facing the luminance meter. An acrylic frame was place on top of the BEF to keep
it flat against the backlight. After waiting for three minutes, the on-axis brightness
of the display was measured in units of foot-lamberts. The BEF was then removed
and the brightness was measured immediately afterwards. The ratio of these two
25  readings was reported as the gain.
Viewing angle is the angle at which the on-axis brightness has dropped by
50%, in both horizontal and vertical planes. The microprisms of a BEF are usually
parallel to the long axis of the display. The horizontal plane is defined as the plane
parallel to the microprisms, while vertical plane is perpendicular to the microprisms.
30 Gain and viewing angles were measured using a typical 10.4” TFT (thin film
transistor) display and an EZConstrast Conoscopic Measurement Device, the latter

is manufactured by Eldim Company of Caen, France. The device measures

. -20-




detector and é)aral lel to the long axis of the display. Record the scan and
| ahel as BEFIS/B4Eh is the ratio of on-axis brightness of thP@EASFE6013e
on-axis brightness of the backlight. Viewi ng angles are neasured as

foll ows. Check .the scan | | ed BEF sel e ion to highlight

| ocus of dat aDTBHRES Pk FEbAeRdrh FARGSLBENd he Al oF brigHaesias pity foanea o

bri ght est datgi g{ % very near the center of the scan). Along the

hori zontal axi§ rea e intersection of the highlight line at both
positive and negat iThe peddedaie fon annﬂusmmemg\eaﬁs fbﬂwi.\/\m‘hudispbyv«i'a t he

val ue of horlzontal view ng angle. Read off the vertical vi ewaﬁ le in
si il ar nmannewarmed wx S Osminutes. §ngssoanqo@dmted/@t the gepsercofidispley, Reqard theof

Pol yneri zapl e Co Iyt onpes tlon wer e r.ed

bl endi ng i gr%‘a‘f‘ H°Laﬁféﬁ§$%tﬁ iﬁ%ﬁﬁﬁ zfyewi "H%OR@ Ba Fh%/he
nonomer s/ ol i JQ&RERr ahdp Hﬂﬂel‘f@'t&%n%%us oPﬂ{eQﬁi‘ﬁla)( VR&ordiheldo8n adABAGRt based
on the total weight of the conposition. The val'ues for the surfactant,
FC430, and i nBEFat@ain isth©ratior af qramtis brightnéss of thedBIgE te thepwi-gxiwbrightbess of
conposi tion. 'Lﬁ&ag raI procedure followed in the preparation of these
conpositions t Liirst charging the RDX5 1027 with the PEA and BR31,

heating at 100[err ctgg% ]
styrene was then b}\ﬁe‘en\gﬁgaﬂ@‘:é%rg%éa&m@féﬁ %ﬁéﬂo&%‘sz lf %%&%ﬁﬁgﬂ\ere
then m xetb i nsdleut optioh edhighlight taony of data Pointsrivith brightiess vdhesthacistond-Half an
oven at 60- 70[err]C or 30 to 60 mnutes, -21- Table 1 |

__of the brightesydate Gusualbrverrneanhe centepafithe scan). Adang The horizoptabo

BR31  PEA ( pgﬁgﬂfﬁ%e intersection o?gle%gl{l%rﬁ? line atbott p positive and negative

(pph)

directions. The average of the two values is the value of horizontal viewing angle.
Read off the vertical viewing angle in similar manner.
15
Examples 1-2 and Comparative Example 1 Preparation of Polymerizable
Compositions
Polymerizable compositions were prepared by blending ingredients in the
amounts shown in Table 1. The values for the monomers/oligomers are the weight
20 percent (wt%) of the component based on the total weight of the composition. The
values for the surfactant, FC430, and initiator, TPO, are parts per hundred parts
polymerizable composition. |
The general procedure followed in the preparation of these compositions
included first charging the RDX51027 with the PEA and BR31, heating at 100°C
25  until melted, followed by mixing, The methyl styrene was then blended in along
with the EB220. The FC430 and TPO were then mixed in for at least 15 minutes.

The mixture was then heated in an oven at 60-70°C for 30 to 60 minutes.
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20 The conpos | prisfign
outlined in Table 3
The compositions were spread by means of a knife coater to give a coating of 25

10

15

20

ra 8B d

el ow.

e%késﬁ ahd thepriseh Pitotewhd 150 @RYGiicomeRir PEOV30)es

um thickness. The combination of PET substrate, polymerizable composition, and

the master were heated to the temperature given in Table 2, and passed under a UV

lamp (300 watts per square inch). The PET and cured composition were then

separated from the tool, with the cured composition having the negative form of the

prismatic structure replicated on it. The composite film thus formed is referred to as

brightness enhancement film, or BEF.

Table 2
Coating Conditions

Example

Composition
Temperature during
‘polymerization

Conveyor Speed

(ft/min)

Comp. Ex. 1

54°C

25

1

25°C

15

2

49°C

20

The compositions and BEFs were found to have the physical properties

outlined in Table 3 below.
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Tabl e 3 Physical Properties of Conpositions and Film Exanple

Ref ract i ve WMOh5044)f Viscosity (cps @23[err] Q) of BEF G#HQT/US97/16012

Pol yrer'i zabl e Conposition Pol ymerizable Conposition Conp. Ex. 1

1.5592 solid 1.572 Ex. 1 1. 5680
500- 1.592 Ex. 2 Table 3764 2900
1.610 The data in Table 3 %malrﬁop&mescfﬁmpomlmndrfﬂmscordance with the
i nvention ha et ety 3

t enperat ure . tha{txf'gpgw
produci ng BERs—=hevthg g

Conpar ati ve E e8P -had—3—-Cotptati-ve—Exanplos—2 %ﬁqd-%-—a-n-i—gi%;.l_% 3
mp el TV ho ool Dhnrl ag c:ri hnr‘ISOpnr nrenak at Ilé of

and 4 were priepares by—t-he—sarp Hechod—as -beg prep ity

Examples 1 aﬂd—é—a?n-d—c 4. Chnp Lohs

Exanpl e Met hyl EB220 BR31 PEA FG 430 TPO
Styrene 51027 The data in Table 3 show that the compgsitjons of theynyertiomhaver. 1

gg 8 %O 83131“’51)’ 3eﬁ'ac11l§r 3ndex g\'%cosny at r%pxa*%cﬁﬁr}gtu&%a&ls suitableto 5

10.0 20. 0 pr fa i vin 1Bvel 10.0
20. 0 prodéisig and odting, and are Saphbielof producing BEFs having hagh fBvels of 17
0.3 3.088inn Conparative Exanple 1, 1. Cpph Darocur 1173 was used
instead of 3.0 pph TPO To test adhesion of the cured conpositions to PET
and pol ycarbonate substrates, the pol ynerizabl e conp05|t|ogstﬁerﬁ appI|$d50
bet ween two s 1 cure i ckness o
[err]m The c%ﬁ??fgﬁgaargaﬁhwtmﬁﬁ%g%?Hg%{]nder a W lamp, as
descri bed 18bove. Tt@mpﬁtetsvaﬁmﬂp]édﬁambﬁ widrlimaﬂale};m e preparet Ib§ the

i nch u
substrates "3ame method as deschi b%gsfop preparation of Ex Examples 1 and 2, and Comparative

Example 1, above.

Table 4
Compositions

Example Methyl RDX EB220 BR31 | PEA | FC430 TPO
Styrene | 51027 (pph) (pph)

Comp. Ex. 1 30.0 20.0 37.5 12.5 0.3 1.0*

Comp. Ex. 2 55.0 10.0 20.0 15.0 0.3 3.0

Comp. Ex. 3 60.0 10.0 20.0 10.0 0.3 3.0

Ex. 3 15 55.0 10.0 20.0 0.3 3.0

Ex. 4 20 60.0 10.0 20.0 0.3 3.0
15 * In Comparative Example 1, 1.0pph Darocur 1173 was used instead of 3.0 pph TPO.

To test adhesion of the cured compositions to PET and polycarbonate
substrates, the polymerizable compositions were applied between two substrates
(PET or polycarbonate) to an uncured thickness of 50 um. The compositions were
polymerized by passing under a UV lamp, as described above. The adhesion of the

20 polymerized compositions to the substrates was measured in grams per inch using
the Slip/Peel Tester designed and manufactured by Instrumentors, Inc., of
Strongsville Ohio. Specifically, the peel force in g/in was measured using a peel
rate of 12 in/minute and a peel angle of 170°. These results along with the results

as determined from Comparative Example 1 are shown in Table 5 below.

25
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the SJip/Peel Tester designed and manufactured by Instrumentors, Inc., of
Strongsvi | | &#08rs8441Speci fically, the peel force in g/in was nmecIVrSId/16m2 ng
| rate of "12 in/mnute and a peel angle of 170[err]. These results

along with the results as determ ned from Conparative Exanple 1 are shown
in Fable 5 bel ow. -23- Tabl e 5 Adhesi drableod Substrates Conposition
Ave/ Peel Force (g/in)_ PET PoAghesidnclia Sebstotesar at i ve Ex. 1 40
1 nparative Ex. 2 Gémposition 5 CoawecPetl Force (gin) 3 45
2 fxanple 3 190+ 150 Exarg¥ € 4| Polycarbonate 190+

Exanple 5 5 PO lCusiparativ€Bx. gONPOSi t1 0o@g of [his 1pventidn have
ggod adhesion to a vafl ety CompardtiveES@DSt r gt €s. 40he cpnposi 1 on of} Exanple 5
s prepared accordi n t0 Chsmpadtiveel 3used |t 0 pyepar ef the ahove EXdanpl es
th the ingredients pr Tabl eExbmpiexcept tHat tie-profess tiggper atjures of
able 7 were used. 10 Example 4 190+ ' Table ©

nposi ti on Exanpl e VET Nyl BR-3T RDX- EB 220 PEA FC 430
/Darocur Styrene 51027 PPH 4265 5
:12.5 25 Example 55 5.5 4.5 0.3 2.0 Table 7 Coating
Condi tions for Conposition Exanple . . Substrate Conposi tiagn
Conveyor Spéed Polymerized compositions of this invention have good adhesion to a variety

of film substrates. The composition of Example S was prepared according to the
method used to prepare the above Examples with the ingredients of Table 6, except

that the process temperatures of Table 7 were used.

10 Table 6
Composition
Example Methyl BR-31 RDX- EB 220 | PEA | FC-430 | Darocur
Styrene 51027 PPH 4265
5 12.5 25 52.5 5.5 4.5 0.3 2.0
Table 7
Coating Conditions for Composition
Example Substrate Composition Conveyor Speed
Temperature during (ft/min)
polymerization
5A Polycarbonate 54°C 25
5B DBEF/CoPEN Skin 85°C 25
5C DBEF/PET skin 85°C 25
5D Substrate A 54°C 30

15
BEF-type films were prepared in the same manner as described in the above

Examples 1 and 2 using four different film substrates; these BEFs are identified as
5A, 5B, 5C, and 5D in Tables 7 and 8. The polymeric composition showed good
adhesion to each of these substrates whereas the polymeric composition of

20  Comparative Example 1 does not adhere to any of these substrates. The substrates,
as identified in Tables 7 and 8, include Polycarbonate, DBEF/CoPEN skin (3M
DBEF having a layer of CoPEN on each side), DBEF/PET skin (3M DBEF having
a layer of PET on each side), and Substrate A.

N -24-




mwomsmu (ft/mn) polymerization 5A Pol ycar perres®rren2

54[err] C - 25 5B DBEF/ CoPEN Ski n 85[err]C
25 5C DBEF/ PET skin 85[err]C 25 5D
Substrate A 58ukstrateCA was a three layer op8cal filmpEgpargdin atcpbmo@wgh

d th b h b d 2
e Four "ai ' or Gheed Siafe 2aiot Abpitacdf et Mpe3L 81 G s nio8e oo
5C, d 5D T MR t
adheglnon toI gacﬁb%ﬁaﬁ zese gggzgfﬁ{ﬁe)@%'ﬁg@ CCOH ﬁmggl%}%&r‘l C ?@%p‘@‘os. tion of .

2{ Conpar ati ve e3, Thediha hadh o@ﬁ&lhyﬁixﬂ@swnhﬁeﬁckme&hmﬂthé eore idyee.
suubstrates, as identified in Tables 7 and 8, include Polycarbonate,

EF/ COPEN skisn (TEhe emeiayenconsisted ¢feg/w¢ndwf 7 T B30.8 £0REN whose infpmsicpET

oot ate A vas Abpie s Tpisitedth pB0t kol s itioroleniend .5 s -
nited States Pateivailihi FomDeW Cliiall Cisipan ﬁ,@ﬁdﬁ $0DHaPkc 35280 {avaithble Fromy

cket Number 52319USA7A using conventi onal ree | ayer coextrusion
tiechni ques. The fNOMAhEdiewoabr &aclskin cansistad sﬁBWZDeiyzéw) BETW(pelydﬁlybhet he

_c* re layer. 5 The C 5%@ consi,sted of a nd of 73,5% 70. 30. coIlDEN
ose intrinsic ?' e designation of X ¥ - £ JHI5AeSANOlyARRF,based on x mole

i Eih|2°0/£ ([))Slegfﬁfbg% é&ig{aval agﬁﬂ) %YlﬁéVMQégi;;nﬁég ?@é@ﬁlﬁﬁleﬁl n consi sted of

80/ 20 (ww) PET/ Rﬁineﬂgbisy)phthalhena‘he&bpﬂghhﬁmsm 2OGE’Meeﬁﬂaogarwpblymevfofx y. Z.
coPEN was a copol ymer based on x np| e %napht hal ene di_car box Iate y
npl e % di met hyl t%’ﬂéﬁ@tﬁcﬁafp&b@tyrwlzom@e% ¥ weighfywvas apppeximat

diESI gnation sPS 290/ \AlerE thel PmBleRRBmoTBe? tvas paramethylstyrene.

The resulting three layer cast film had a core layer thickness of about 430

15  microns, and each skin layer was about 102 microns thick for a total thickness of
about 635 microns.
The cast film was oriented in the width or transverse direction (TD) on a

x polyester film tentering device. The stretching was accomplished at about 5.8

meters per minute (19 feet per minute) with an output width of 135 cm (53 inches)
20  and had a stretch temperature of 129°C (265°F), the heat set temperature was
141°C (285°F).
Table 8
Brightness Gain
Example Thermoplastic Film Gain of Substrate Gain of BEF
5A Polycarbonate (pc) none 1.62
5B DBEF, CoPEN skin 1.63 2.10
5C DBEF, pc/PET skin 1.20 2.08
5D Substrate A 1.30 1.52

No brightness gain could be measured for Comparative Examples 1, 2, or 3 because

these compositions failed to adhere to any of the substrates.
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Dal t bns wheno98/d0de41/ nol e % conononer was par anet hyl styrene.
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Exanple 1. 5

10

rable 9

The data of Table 9 shows that unlike the narrow viewing angle associated

with two crossed sheets of a conventional BEF, the single sheet DBEF with micro-

fine prismatic pattern has a wide view angle as can be seen from the table below.
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Hal f Bri ght ness Vi ewi ng Angl e F| | Hori zont al
Vertical ®Bn9SM4lonal BEF PCT/USYT/ 15012

degrees DBEF 5B e 32.5 degrees
10 The data of Table 9 Wllﬁ the narrow vi ewi ng angl e
associated with two crossed sheets 6f a ”Anal BEF, the single sheet
DBEF with m | shatic pattern hasa\Mde wewangle as can be
seen fromt hgw?‘%’lsgpag'ggﬂﬁ - 26- Clainms: 1. ‘An optical product
conprising a base and ap gimérizablerdonip o@fnoadaa{pﬁsﬁ@xﬁethﬁtswreaémhemfeﬂ
froma polynerizabl e conposition conprising nethyl "styrene nononer of the
gener al for mthegeferakforidula: The optical product of claim1, wherein the
pol ymeri zabl e conposition conprises a high index of refraction nononmer. 3.
The optice?l product of claim2, wherein the high index of refraction
nononmer has an index of refraction of gt l|least 1.50. 4. The opti cal
product of claim 2, wherein the cononoffer conprises an unsaturated aromatic
cononomer. 5. The optical product claim 2, wherein the conononer
conprises a (neth)acrylate nononer. 6 The optical product of claim 2,
wherein the conononer conprises a b @ dpbgfl cononomer. 7. - The opti cal
l'll"\

product of claim2, wherein the com conpri ses a brom nat ed

(meth)acryl ate conononer. 8. The opt’ical pramduct of claim2, wherein the
conononers conprise an al kyl - substututed brom nated aromatic ester
(met h) acryl at e nononer. one or more comonomers comprising at least one high index

of refraction comonomer.

10 2. The composition of claim 1, wherein the high index of refraction

comonomer has an index of refraction of at least 1.50.

3. The composition of claim 1, wherein the comonomers comprise an

unsaturated aromatic comonomer.

15
4, The composition of claim 1, wherein the comonomers comprise a
(meth)acrylate monomer.
5. The composition of claim 1, wherein the comonomers comprise a

20  brominated comonomer.

6. The composition of claim 1, wherein the comonomers comprise a

brominated (meth)acrylate comonomer.

25 7. The composition of claim 1, wherein the comonomers comprise an

alkyl-substituted brominated aromatic ester (meth)acrylate monomer.
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9. The optical product of claim@8, wherein the brom nated

tic (rmeoby/sdy| at e conononer conprises nononer of the gePET/HEINISONIUI a:
wherein R can be hydrogen or methyl, Rlerr] can be straight or
branched al kyl, and x can be in the range fromabout 1 to 4. 10. The
optical product of &l ai iAi®, commsmonqfwbupa,mrmmwommdsammncconpr| ses

f bout 5 b gh h d on 100
praa?"sapﬁftynerk" Do elesoantEie? SmPhicpertinl e R T BB CereBe i 1,

risingi—from5 to 40 parts by wei ght net styrene nononer; and from

to 95 par ht conmononer. 12. The tical product of claim1l,
c npri si ng: ,ﬂﬂmum ﬂmiﬂ)ﬂuts by wei ght net !l “styrene nononer; from 10 to
parts by enat ed (math)&l:ry@te nononer; and from65 to
.80 parts by weight bromi‘nat’ed aromatic (mgt h) acryl ate nononer. 13: The
ptical product of claim1, conprising derived fromthe nethyl
/styrene nononer. 14. The opti cal im1l, wherein the base is

prepared fromnmaterials selected fromt up consisting of: cellul ose
acetate butyrate, cellul ose acetate propi onate, pdlyether sulfone,

Conti ot aot i ¢ A BiafbetualeRn) Ak 8 KEFAFS solBho/ch aosl bl i

based on -28- canbeapdhbha{g%rfﬁnﬂhswtu%yztl c acids, and gl ass.

0. The composition of claim 1, wherein the polymerizable composition
comprises from about 5 to 15 parts by weight methyl styrene monomer, based on

100 parts polymerizable composition.

10
10.  The composition of claim 1, comprising:
from 5 to 40 parts by weight methyl styrene monomer; and
from 60 to 95 parts by weight comonomer.
15 11.  The composition of claim 1, comprising:

from 5 to 25 parts by weight methyl styrene monomer;

from 10 to 15 parts by weight non-halogenated (meth)acrylate
monomer; and

from 65 to 80 parts l;y weight brominated aromatic (meth)acrylate

20 monosmer.

12. A polymerizable composition comprising methyl styrene monomer of

the general formula:
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15. The optical product of claim 14, wherein the base conprises a
pol ari zer wQ98/5044IThe opti cal product of claim 1, conprising BCHUSEHLIGAE: s
enhancenent filmderived fromthe nethyl styrene nononer. 17. A backlit

flat panel display co Lsi-Ag the brightness enhancenment filmof claim16.
18.. A Mﬁion conprisipg the backlit flat panel display of

glp;a: 21a|17| aim\mm‘“m“ jﬁ ture-bearing article conprising a base and an

pol ymeri zalpl e conposition conprising mnethyl
styrene nononerf. * 29 - C~~~~~m~

L, 6. The optical product
of claim4, wherein the cormnorrer co

+€Hy broni nated cononomer. 7.
The optical product of claim 2, wher e conononer conprises 5 a

brom nated (nmeth)acryl ate conmononer. 8. The optical product of claim 2,
wherein the amimﬂw;mlmmableeompoahbn lhas adbiidiex of eefractiomofiat leastdr It i c
ester (meth)acrylate nononer. 10 . The optical product of claimS8,

wherei n the brom nat ed aromatic (net h) acryl ate conononer conprises nononer

of the general for I err]
can be a strai ght r brg{? @h“%f’%ﬁ&ﬁ&g@&g’g @églg%s rna{r]?gatelwérxorﬁ[about 1
to 4. 15 40. refrabfitn ¥P4til€AL 1860duct of claim 2, wherein the polynerizable
conposition conprises fromabout 5 to 15 parts by wei ght nethyl styrene
nmononer, based on 100 parts polynerlzable conposition. 20 11. The

gf ;Ir gﬁL %ggﬁg ; ° &ﬁdl a',{% opttcaP}raTx}z:dugt gognpnslinogrg golgrr%eﬁg n&%érﬁa? cQX)pnsmght et hyl

monomeric units derived from methyl styrene monomer of the general formula:

CH;
10
15.  The optical product of claim 14, wherein the polymeric material
comprises monomeric units further derived from a high index of refraction
comonomer.
15

16.  The optical product of claim 15, wherein the high index of refraction

monomer has an index of refraction of at least 1.50.

17.  The optical product of claim 15, wherein the comonomer comprises

20  an unsaturated aromatic comonomer.

18.  The optical product of claim 15, wherein the comonomer comprises

a (meth)acrylate monomer.
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fromBO to 95 parts by wei ght ‘B“t“mM“L The optical product of claim
1, conprisi wo9siba1 \\“ﬂm Bibarts by wei ght perhisb7/sd0yz ene
monofrer; from10 to 15 parts by vei ght "noh- hal ogenated (neth)acryl ate
nongner; and - 30- from65 to 80 parts by weight bromi nated aromatic
(netth) acryl at e nonod@r. The optiddl @roditct ofiblajm d6 wherein thé aomodomensomprisesg a
filmderived fromthe net hyl styrene nononer. 27. The optical product
of fcl ai m 14, cBPﬁ?‘T‘@i‘Wg CQMIOHIMEr. and an optical |ayer prepared froma
poﬂynerizable conposition, the 10 polynerizable conposition conprising.
rre{hyl styrene nononer. 14. The optical product of claim1, wherein the
bgse is prepared fra®m mathheioptical peoduxt of clainw 15§ wherginthe compsomer conprises
ce¢llul ose acetate butyrate, cellul ose acetate propionate, polyether

sfil fone, pot ynébrminated (meth)aciylate comapemernane, 15 'pol yester, pol yvinyl

hl ori de, syndiotactic polystyrene, polyethlene naphthal ate, copol yners or

| ends based on napht hal ene di carboxylic acids, and glass. 15. The

ptical product of ehai nmrhg.opyiba pPéduck OF cliie §50RHeEInIRE cOmBAdMEIsZBMpridd 16.
The optical product of claim1l, conprising a brightness enhancenment film
derived from t healimksupstituted hrpmi matig gster (meth)acwylate mangmepanel di spl ay
conprising the brightness enhancenent 25 filmof claim16. 16. A
conputer or television conprising the backlit flat panel display of

10 22.  The optical product of claim 21, wherein the brominated aromatic

(meth)acrylate comonomer comprises monomer of the general formula:

D

(¢

Bry A
wherein R can be hydrogen or methyl, R* can be a straight or branched alkyl, and x

can be in the range from about 1 to 4.

15
23.  The optical product of claim 15, wherein the polymerizable
composition comprises from about 5 to 15 parts by weight methyl styrene
monomer, based on 100 parts polymerizable composition.
20 24.  The optical product of claim 14, comprising:
from 5 to 40 parts by weight methyl styrene monomer; and
from 60 to 95 parts by weight comonomer.
25.  The optical product of claim 14, comprising:
25 from 5 to 25 parts by weight methyl styrene monomer;
from 10 to 15 parts by weight non-halogenated (meth)acrylate
monomer; and
[
-
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claim17. 30 ““t“meari ng article conprising a base
and an optWeap/s4dyer derm Em Meri zabl e conpositi oRCEMSPYIGIhg
met hyl “styrene nononer. LSHEET® - 31- - 32 - 20. The opti cal

roduct of claim1l wherein the | yneric terial is prepared froma
Bol yneri zabl e conpositi &?%Q@F%ggﬁ%/m i\ﬂ&?@'ﬁ gf"&"‘l“é iab‘PF"g‘fc eth?ﬁ@flati. 55,
preferably at leagler 1 56.

26.  The optical product of claim 14, comprising a film derived from the

5  methyl styrene monomer.

27.  The optical product of claim 14, comprising
a base; and
an optical layer prepared from a polymerizable composition, the

10  polymerizable composition comprising methyl styrene monomer.

28.  The optical product of claim 27, wherein the base is prepared from
materials selected from the group consisting of: cellulose acetate butyrate, cellulose
acetate propionate, polyether sulfone, polymethyl methacrylate, polyurethane,

15 polyester, polyvinyl chloride, syndiotactic polystyrene, polyethlene naphthalate,
copolymers or blends based on naphthalene dicarboxylic acids, and glass.

29.  The optical product of claim 28, wherein the base cbmprises a
polarizer.
20
30.  The optical product of claim 14, comprising a brightness

enhancement film derived from the methyl styrene monomer.

31.  Abacklit flat panel display comprising the brightness enhancement
25  film of claim 30.

32. A computer or television comprising the backlit flat panel display of

claim 31.

30 33. A microstructure-bearing article comprising an optical layer derived

from a polymerizable composition comprising methyl styrene monomer.
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