WD 2009/ 014901PCT/ US2008/ 069577 SYSTEM AND METHOD FOR MAKI NG A FI LM HAVI NG
A MATTE FI NI SH The present invention relates to systens and net hods for
provi di ngwvea 2bedanideavi ng a matte 5fini sh. Background Pat PemruisdooBiondsghes on
coated filns are known and can be provided via the interaction 10between a
carrier layer or substrate and a material disposed on the substrate (e.g.,
a coatable material), the ﬁatterned finish beiRngorned upon renoval of the

carrier layer. Drying t®¥AREM AN METHO), FEH VAKINGoACr eate a patterned
finish using a roll having A f&gl udes a pattern of

di scontinuities which, \/\/neer\ﬁan %??N%Aaﬁc%gfgﬁ;gmi%t erial such as a
curable resin or the like, create a pattern within the surface of the
15material while drying it at the same ti The resultipg article retains
the patt ekhf HPSSR NENtioB rplates deysiames EOAreBrds RapevIde ¢ B BRYingamats| |y or
ful l'ysdrigds, hardened and/or cured. Enbossing inparts a texture to a film
using a patterned roller and is used nost often in applications in which
the durability of the filmis not a concern. Enbossing is not 20 normally
used in and does not address the nigd for matte hard coats for protective
di spl ay applications, for exanple. d filns have al so been nade by
first coating a flowable and coatable naterial (e.g., a resin) onto the
patterned surface of a tool, the pattern being provided as cavities that
recei ve thuttcusdiiabhes pmeantddlilnsare keawn arceantwrdevidel ve thraintaradtiop cured, a
dur abl.e patterned filmis provided, However, the creati.on and maintenance
of - 280t tBPHER LBt er B B E Gy « SR R R B iR e e

fini shes doamelcheaeridly, eied patchyedtiteshasttid foeme@liipdierdpvaloPRE tdrfbElaydro a
coatabl e material such as a resin or a polyneric precursor and applying the
mat eri al Rying Bekwquey havglesen gamdied do sicategrragierne dinipiitus g roll Saraea filmin
which th ' I O\H 1Y Si: A | aritj

sur face, heaeqr G inclREAR DR ARR Enikh B Bhlabh P Bl 1o
honogenousityrialnuthas coatlEbraimattee ik, cranda pattcrhedthjpr the ssface@f dic t he

material (e.qg., ing, coating, . filtering.and drying) js required to
pr ovilde d‘&ﬁplﬁ%\)ﬁﬁtém)rym it at the sarnge time. ”}"he resulting artlc{eyretagr?s tile pattetl:]n from the

roller and the coatable material is left partially or fully dried, hardened and/or cured.

Embossing imparts a texture to a film using a patterned roller and is used most often in
applications in which the durability of the film is not a concern. Embossing is not

20  normally used in and does not address the need for matte hard coats for protective display
applications, for example. Patterned films have also been made by first coating a flowable
and coatable material (e.g., a resin) onto the patterned surface of a tool, the pattern being
provided as cavities that receive the coatable material so that, once hardened or partially
cured, a durable patterned film is provided. However, the creation and maintenance of

25  patterned tooling is difficult and expensive.

Films with matte finishes have been created by the addition of beads or particles to a
coatable material such as a resin or a polymeric precursor and applying the material to a
backing. When hardened or cured, the material forms a film in which the particles or

30  Dbeads provide physical irregularities at the surface, resulting in a matte finish. Particles or
beads must be blended homogenously in the coatable material, and further processing of

the material (e.g., pumping, coating, filtering and drying) is required to provide a film with



WO 2009/ 014901PCT/ US2008/ 069577 a suitable finish. Dispersing beads or
particles uniformy in a coatable material and mai ntaining the honogeneity
of the reasolpéwmg4dhiend is difficult. Point defects and $CTABRIGHWrE of t en
seen in the finished articles, and nerely punping the coatable material can
require special equipnment to mnimze danage to the particles. Particle
filled coatabl e 5materials can be prone to the formation of patterns, such
as ot t | e suitabls dishy Dipperdng bergs oF brdislss umfermle dup eoatplamatesiaband ypi cal |y

have undesj: . ti.cal . i i Ny d pf i,njopti cal
appl i cat ﬁ%é\l{slﬁ?rlﬁlg% 9’%&\1 Oﬁﬁgﬁﬁl@& ggﬁ ét‘%%%%ﬁ%h@%?”ﬂhﬁ%g‘@ ' gip ﬂl;tg%l% gtgtalﬂ(ci)n of the
parti cl esstrealtihg tifeatfteafsedrhia thofihiahddeartieib € andmendly phmping theicontati eguateries
control of the lgart i.cle size distribution.

: Undesi r.e]d sgat.terfj of jbi ght
wi thin t HEMFPRISHBES 14 IIHPERR! POBEIALS JRRage 10 BRBIERISST PEielci Hideoppble _
refragti affiail B RASOKE L Phe FEMANLY 8 bichile s R &k il Reu ARl il eri al

It is desirable to provide novel systens an(S:I net hods for t manuf act ur e of
filnms hauvirogessratherehiliing htsles PiGliytary uhdesoald e apped propetiespFdment

invention provjdes a systemfor .providing a filmhavj a.matte finish, the
syst om comBPiel EBsSambln SafeapPhvinaiig Tatedaelie BHsEISOER phe coat e
subst r at ecfMNloFitiOpaatifled Wwith @RabADE osmabIe mAtridRMidieth futh, RS tomi, the
coatable material formng a first major surface of the coated substrate;

Means f orofdiaprgiielg sizhdisitilsgioni Undefirediseatforingof bighitaithia theafiwiphed| filfyegm a

fi 78t ovi SEORLLY , bRGR,BREPRM NIRRT hak1ioR BABARIPLIEIGG oHhe BRI AN ot er
surface positione TECOntact e Fi5st maj or surface of ‘e coat et
subst r at ech@bicattiala matte fini sh thereon; and Optionally, nmeans for
hardening the first coatable material. I n anot her aspect, the

i nvention provides a nethod of nmaking a filmhaving a matte finish, 30 the

met hod CQpRIdeSi e to provide novel systems and methods for the manufacture of films having
matte finishes.

15
Summary

In one aspect, the present invention provides a system for providing a film having a matte
finish, the system comprising;:

20 Means for providing a coated substrate, the coated substrate comprising a first
coatable material applied to a substrate, the coatable material forming a first major surface
of the coated substrate;

Means for changing the viscosity of the first coatable material from a first viscosity
to a second viscosity;

25 A face-side roller having an outer surface positioned to contact the first major
surface of the coated substrate to impart a matte finish thereon; and

Optionally, means for hardening the first coatable material.

In another aspect, the invention provides a method of making a film having a matte finish,
30  the method comprising:
Providing a coated substrate comprising a coatable material disposed on a

substrate, the coatable material providing a first major surface of the coated substrate;



Providing a coated substrate conprising a coatable material disposed on a
substrate, the coatable material providing a first major surface of the

coat ed swot20@E@3901\WO 2009/ 014901PCT/ US2008/ 069577 PCTRBs2@8i06957 e
viscosity of the coatable material fromthe initial viscosity to a second
Vi scosity; Contacting the first major surface of the coated substrate

with at | east one face-side roller to inpart a matte finish; and

5Cptional |y, Haraehidbe viseosisaf sl ceatshicapstanal fepmptheynigal Yibe@sky g 1 n stil |
anot her aspecitis ngpresent i nvention provides a systemfor providing a
filmhaving a matte finish, the systemconprising: A first station for

coati ng a substomiceingiticdfiat mept alnfecrdtierdoatedzabdtag with ai feasabnd B¢ salesi ty,

t he coat ab e material and. the substrate form ng a coated substrate in which
the coat dBIl¢F (RAPBR amatts ﬁ%iaMFrrst maj or surface of the coated substrate;

A secand st atiGhidn@fiy HRARGIHRANE Bodiiifte Mia?e@faﬁiotﬁfo%ﬁe tRengpat abl e materi al

fromthe initia V|sc05|ty to a second viscosit A third station
conprising at | east one face-side roller haV|ng a surface p05|t|oned 15t o
contact the @i té L urfac .of t.he coated s bs%rate to |n?€nh% matte
finish t HBPEOAMOHRFS ecf FPFPS%IE ARYBHOF BFOY P&éﬁ? PHRFOY eI ARYRY i al .
Vari ous temhmee g@g}@ the§Rte Ybrhpridd@;:under st ood to be defined according to
their ordinary 20 nmeaning, as known by those skilled in the art. However,

t he foll owi ng A érsrstafipn fortseatingiesubstaid vwith %w@abdm@aﬁ@ealrhawgg asiitiaf or t h
her el 10: he ISC()EI & r‘[TPle éjoa}a)f)frematerlal andqge éjub(si&atg 89S né gcoaﬁ&i yu%%trgtg |11¥ Whichthe

copolyne
coatable rnaterlal forms a first major surface of the coated substrate;

A second station for changing in the viscosity of the coatable material from the
initial viscosity to a second viscosity;
A third station comprising at least one face-side roller having a surface positioned
15  to contact the first major surface of the coated substrate to impart a matte finish thereon;
and

A fourth station for hardening the coatable material.

Various terms used herein will be understood to be defined according to their ordinary
20  meaning, as known by those skilled in the art. However, the following terms will be

understood to have the meanings set forth herein.

The term “polymer” will be understood to include polymers, copolymers (e.g., polymers
formed using two or more different monomers), oligomers and combinations thereof.

25  Both block and random copolymers are included, unless indicated otherwise.

“Polymeric material” will be understood to include polymers, as defined above, and other
organic or inorganic additives, such as, for example, antioxidants, stabilizers,
antiozonants, plasticizers, dyes, UV absorbers, hindered amine light stabilizers (HALS),

30  and pigments.



formed using two or nore different nononers), oligoners and conbi nations

t hereof. 25Both bl ock and random copol yners are included, unless indicated
ot herwi sewO2Pgoumeeni c material” will be understood to i RCTASR00BOLISAEr S, as
defined above, and other organic or inorganic additives, such as, for
exanpl e, antioxidants, stabilizers, antiozonants, plasticizers, dyes, W
absorbers, hindered amne |ight stabl lizers (HALS 30 and pignents. WO
2009/ 01496 PPEYIcURIOGE] 0B9BYF nowesalidisice lirmider eal-likpbmptsrial thers sanable ofe. g. |

liquid or ggcoa{ela ]Elﬁf gl that is capable of being coated onto a
surface. "Face-side ro means a roller or other instrunment(s) that

i ncl udes a surface that directly 5contacts the surface of a coat ed

substrate_to i. A mtte |n|shtothe surf ce of the c terial.
Al t hough tHES s ES! feseale@}wel IFetiradhagingtiumenty) thekipglpdesq § ‘i&f‘gﬂg i de

rolles F‘%nf%@&ﬁﬁé Sligrs g Qanﬁed’ﬁfb'sﬁ'étX tcmeﬁ‘a?ﬂ”‘af e ﬁﬁﬂsf?%th'e@ﬁﬂf&%‘ JignheM thout

limitation a belt nmounted on and driven by one or nore drive rollers.
10" Opt i cadoht;tbkelreaﬁfialr éflthosglt thetdescribed empadiercols wiliza amattealiraller, & yagicsald y

permttin h | evel ., .>99% correct e for fl ection.lpsses)
bF 11 gt OHEBHC RS anoF By of paturSiBihgtet R Bibond nf ok viBane n
rough or @éaietd e adif e vignBios hods diiexfoued. t hat is lacking a high ISl uster
or gloss. The matte finisl}{ may be snmooth to the touch but is generally free

from significant shi ne or hi ghlights The term"phr" refers to a unit of

a0 LB O OB SRS R BARRR LS IR B ™

appr eci at(e.gt, h>99%m1@@h oIt d Gbr ﬁeﬂ@ctldﬂ\/leﬁsbs)wf lighotharsaisichedndtiowmagd (ctdre
remai nder of the disclosure including the Detailed Description with the
accorrpanyﬁ r/g) drawi ngs and the appended cl ains. 25Brief Description of the
Dr awi ngs

“Matte finish” means a rough or granular surface finish or texture that is lacking a high
15  luster or gloss. The matte finish may be smooth to the touch but is generally free from

significant shine or highlights.

The term “phr” refers to a unit of parts by weight of a component in a coating composition
having 100 parts by weight of polymeric material.

20
Those skilled in the art will further appreciate the embodiments of the invention upon
consideration of the remainder of the disclosure including the Detailed Description with

the accompanying drawings and the appended claims.

25 Brief Description of the Drawings

In describing embodiments of the invention, reference is made to the various Figures in
which reference numerals indicate described features of the embodiments and like
reference numerals indicate like structures, wherein:

30
Figure 1 is a schematic view of a system for providing a matte finish on a film according

an embodiment of the present invention;



in describing enbodi nents of the invention, reference is nmade to the
various Figures in which reference nunerals indicate described features of
t he enmbodwoent1agvd | i ke reference numeral s indicate |iRPETASLWSI6I5ET,
wherein: 30 Figure 1 is a schematic view of a systemfor providing a matte
finish on a filmaccordi ng an enbodi nent of the present invention;, W)
2009/ 014901PCT/ US2008/ 069577 Figure 2 is a schematic view of a portion of a
system for providing a natte finish on a filmaccording a second enbodi nent

of the pr}qgﬁgtz ik g\éa{grﬂa?@ icw | b?ey% 1§n bPa @ys?&‘{{'%@rb&ldl Ve BiRPEh !%%Of a

system for~provi a matte on a cor ngat I rd enbodi nent
of the praesmﬂmglameemdmbodﬁmgmtroétldeprssmtmhﬁmitl c view of a portion of a
system for providing a matte finish on a filmaccording a fourth enbodi nent
of the present invention; 10 Figure 5 is a plot of optical clarity as a

f unctison ﬂ%ul@@% h @&&ﬂ&l@%ﬁ d 6rt15h b s ﬁéﬁ "férﬁﬁgwh hoBXAIR ﬁmélh on a fild! gur e

6 is aplo haze as a unctl coating t ckne s for filns described
i n ExanplagcéBing aFthgdﬁmbadwnaozbﬂhopraséntaﬁweuhegn,ee gl oss as a function of
coating thickness for filns described in Exanple 1; 20Figure 8 is a

phot om crograph of a portion of the matte surface of an article according

to the prEg@RY ik B0 VicWKEa Bdrtidn BRYBYshdrk &r RBvi@ingR0Sattd kit 6n  file a
phot oni crograph of a portion of the matte surface of ‘an article according

to the pragserding mfpurhicomodiacahobthe aravergrin¥ansiari on of 125X; 25 Figure 10 is
a pl of average clarity as a fiinction of cylinder nip pressure for filns
described in Exanple 2;

Figure 5 is a plot of optical clarity as a function of coating thickness for films described in

Example 1;

Figure 6 is a plot of haze as a function of coating thickness for films described in Example

15 1;

Figure 7 is a plot of 60 degree gloss as a function of coating thickness for films described

in Example 1;

20  Figure 8 is a photomicrograph of a portion of the matte surface of an article according to

the present invention taken at a magnification of 50X;

Figure 9 is a photomicrograph of a portion of the matte surface of an article according to
the present invention taken at a magnification of 125X

25
Figure 10 is a plot of average clarity as a function of cylinder nip pressure for films

described in Example 2;

Figure 11 is a plot of average haze as a function of cylinder nip pressure for films

30  described in Example 2;



Figure 11 is a plot of average haze as a fiinction of cylinder nip pressure
for filnms 30described in Exanple 2; WO 2009/ 014901PCT/ US2008/ 069577 Fi gure
12 is a pwvotowfolaswer age 60 degree gloss as a finction ofPCES20080695MT p
pressure for filns described in Exanple 2; Figure 13 is a plot of
apparent viscosity at a shear rate of 20 sec-1 as a function of
Stenperature for coatable materials blended as described in Exanple 3;

Fi gure 141gyed2ds pploppf axesraedd depeaeigless s a Juictine of exlinger nippaesswe f95 scosi ty
for fil i | le 3; 10Figure 15 is a plot of average haze as
a functrggggﬁﬁ%%gggg%FXV| ggéity for filnms described in Exanple 3; Figure
16 is a plot of average 60 degree gloss as a finttion of apparent viscosity
for fil .descri.bed in_Exanple 3; 1S Figure 17_js a,plot. of. the apparent

vi scosi t Y 18¥Cd 3 yhetof aﬁéwreélﬁ@é@setataéaﬁlgw Fioteh Kbl RGP & s of Exanpl e
3 and SExatQﬂﬂlg@fafﬁe for coatfiblg Waferids bISnR R EHBES iIPEf%gﬂb Ag the average 60
degree gloss of filns nade 1 n Exanple 204; Figure 19 1s a bar chart
conparing the average clarity of filns made in Exanple 4; and Figure 20 is

b har.t i h h f il de ir le, 4. .2
Detai | od TSELEGE F BRYORAGHHGLERY of AGSEPBA! ROV ISLCaT e IR ocess
for the mamibaptcel;e of filns having a matte finish. In the process for the

manuf acture of matte-finish filns, a coated substrate 30is provided, the
coated substrate conprising a coatable material on a substrate or backing.

10 Figure 15 is a plot of average haze as a function of apparent viscosity for films described

in Example 3;

Figure 16 is a plot of average 60 degree gloss as a function of apparent viscosity for films

described in Example 3;

15
Figure 17 is a plot of the apparent viscosity as a function of shear rate for the coatable
materials of Example 3 and Example 4;
Figure 18 is a bar chart comparing the average 60 degree gloss of films made in Example
20 4,
Figure 19 is a bar chart comparing the average clarity of films made in Example 4; and
Figure 20 is a bar chart comparing the average haze of films made in Example 4.
25

Detailed Description

The present invention provides a system and a process for the manufacture of films having
a matte finish. In the process for the manufacture of matte-finish films, a coated substrate

30  is provided, the coated substrate comprising a coatable material on a substrate or backing.
In some embodiments, the coated substrate is prepared in advance and the previously

prepared coated substrate is placed into the manufacturing process ‘as is.” In some



In sonme enbodi ments, the coated substrate is prepared in advance and the
previously prepared coated substrate is placed into the manufacturing
process 'O 20®/01490m sone enbodi ments, the coated subst PaTASRe8M695aT act ur ed
as part of the overall manufacturing process in which a coatable nmateri al
is applied to (e.g., coated on) a substrate to provide the coated
substrate. Coatable material is carried on the substrate and is treated to

change t febpdipes.the eriadrubypd Bonaumetwed at pat ofhaorerpld magpfactyringal
Vi SCosi ty &591 S\Qfﬁgﬁ'q ¥ Jﬁﬁ]g‘?ﬁattéhal ?sl gﬁgﬂ%t g%h{%ﬁ% ’taraﬂce t<5 gfov d scosity

is | ower t e second viscosit e coata e mat er | i s changed
by being théw@dmrmﬂsmerte.péoathblb Iﬂyatmul &xkartigd @othe sevdoac amerig scattdhie dhaagabl e

mat eri al y. have initial vi SCOSIt t hat .i.s hi.gher than the second
vi scosi t gﬂazsls@%gv gﬂ&ﬁ@?ﬁbﬁtfﬂ?&e’% JEQR F‘tf?iSt(?F inif igaraplod R YisgOSHy
requi ke g sbﬁ@%ﬁb%&%n%soiﬁeem’sﬂgsc%l& R eAhaPHR BRI &bsifRFBat hE

viscosity of the coatable naterial 1s at a second 10viscosity, the materi al
i s then swbjabktredentid i doogsd Useb@ngﬁsczkeaedorpamdbt cugedralntsenmiemtedinndngs, eon.
Wthits finish,  the coatable materi t further

nar dened, DetyEtPIoPagar] BT hEG S ehasreunia Rl efRibfne sdeoBs 1bEped™t o
anot her pHAERTHANENShAHiRDBsiBUSTh@8oatatidiinhichid] Shptd@le aPleadtQome Wbdnnp rol |,
for exanple. Coatable materials useful in the Brocess of the invention may

gener al | yofikee gnatable maltevikk Honge thdveisensity of e coptableanrierial Spatratscednss, or ot her
mat t '1'69 a‘g El%}h ll%enrn ﬁlalt e’n su%lt%?]tga Fac% g%lelgpc%sur% ton 1%1 rrfeag Ia{te ?IIIISR inpart a

matte finl's I"ous s of the

i nventi Or’tha’é@l.SWtS&ﬁd‘[e\/ﬁﬂlbh mlm/\édaﬁabdﬁﬁ@téhﬂ&day &ptgmaley be ﬁ&thar hededadt i ¢ vi ew
of one enbodj nent. of a coating.system 2020 capabl e of carrying out a
manuf act FUFserspbdidisd and E@rrﬂi'“%ﬁl& falnt may pe eawisted inarethes Arocksiigsstation

providin Q%Q{r@ﬁﬁ g system
20. In t%gaag%?élﬁggg Hgnﬁé)%fa%rgon% oat égbr%g%%fr%atdeya?‘lg%ﬁrl@%tu lzélg'ltu uglc}ftell ﬁas part
of the owub¢ ptocessmifitifcaiat entiongngyr genemiy i tphd parcslywgitt e ﬂfé addniooaf bdadsubstr at e
22 is fed |n o the éystem 20 fro]?{fg source éngt U such.as an extruder,
a sup‘él y HaBtF qlespPr othEr Mptliag aggpbs ¢ Ingddites. ¢xpe ©R %%/@dﬂoﬁ BPAIEY st i on
24 in an upgeatgdystate, though it nmay be prinmed on at | east one surface
thereof, and travels to the first station 24 where it is picked up by
back-up roll 26 so that a major surface of the substrate 22 is in contact
roll, and. the.idl er vance .t he sHbs}rate 22

ith th
o RS E el or itious Fisafesnbmoireh® ol B bR A i bR B B35l i o

coat abl e ot B4 dakrib&. g8 Ys REehehiheic i&0at G EtRdlimit @ f 8QoatiHg shyBem
enbodi nents of the invention, neans for providing a coated substrate may

i ncl 2e 20swnnkle obearsyipg euteonsmdaciuing pracess eeapsting ingic argentyiresntionat i ng on
a maj or %\lflge{n%%r 191f0V1%1ng a coated substrate encompass a coating process within the system 20.
In the depicted embodiment, a coated substrate is manufactured as part of the overall
manufacturing process within system 20. Uncoated substrate 22 is fed into the system 20
from a source (not shown) such as an extruder, a supply roll or the like. Substrate 22 is
25  conveyed to a first station 24 in an uncoated state, though it may be primed on at least one
surface thereof, and travels to the first station 24 where it is picked up by back-up roll 26
so that a major surface of the substrate 22 is in contact with the back-up roll and the idler
rollers 32 to advance the substrate 22 through the system 20. The other major surface of
the substrate 22 receives coatable material to thereby provide a coated substrate 30.
30

In embodiments of the invention, means for providing a coated substrate may include a

source of a pre-coated substrate comprising a polymer coating on a major surface of a



WO 2009/ 014901PCT/ US2008/ 069577 backi ng. The pre-coated substrate may be
fed froma feed roll (not shown) directly into the system 20 w t hout

requi ri ngvarro@ddugoiional coating step via first station PET/USROSO6IS7AN
enbodi ment, the pre-coated substrate may be directed into optional second
station, third station or the |ike, as described hereinbelow 5 Any of a
variety of materials may be suitable for use as substrate 22 incl uding

f1 exi bl e begkiagi Ahe ppeastedsubstepte wrnhp fed frompdpedwuglld pptaghewnk dirgctlydnto

mat eri al i . VR ] V, . h . tal
foils, glsdé?sgsslsgér%% ﬁ\féﬁP?tkIg&ﬁl?{'ggg%%%&l{éb oé?%g%t@é%vﬁg?gt?ﬁtel% ?%‘aﬁe%ulcln%pr oduct
i s 1 nt endetbodonenisthe ipre-aptddoaibstegppmiag &t idonsed intd optfonahscaondghti@g third

10di spl ay, the substrat terial. will be chosen based in part on the
desired OfoBAr Merfikendrfrsniles hesiaRdoYi es for the intended use. Mechani cal
propesties can include flexibility, dimensional stability and inpact

resi stance. In sone enbodi nents, an optically clear material (e.g.,

t r anspar ehy) ofrmvarisey ofeniateeds niaydephesbloforsse aapibstrapl calliding fleablenat eri al s

i nclude optically.clear polyester film. tri tate.(T fil ol yet hyl ene
napht nal Ao SR e R GEER e, vt S kel Bty e (gt oS eHE

met ha_cr yl fﬂhﬁ) ,nombvﬁs%bﬁﬁs&% Pne@a‘-l f&ls@éla@d and 1Ak LRt BdoRR! Sioapyéroe ( BOPP)

and sinmul taneously biaxially-oriented polypropyl ene (SBOPP). The substrate

22 may cowpare de fonal Gbngraiucios igended ividess in ppticat aprdisstionsiseelbis i aneptin,
ol repe,. . st.yrene-acr ni LKl e .copo rS oxi es,..and . the like. 20The
o SRS G SOSERE A PIL ISR AT P P00 B 8 i

5] d
can’ var pi'cal 'y depend on the

i nt ended rhshanibaltpiepdriiesafor tictihtehdsd dsB. SMBarGod) peipeBitssan fehsleIfRkility,
t hi cknesses are | ess_than about O 5 mm and typically between about 0.02 and
about 0. Aimsnspena) sabiliey snshisnagh iesipanes i1 seme §MbpAINFHisayoRftsaHy ckdhvent i onal

fil mraki i, . i.on i OF j: AN iaxi al

or i ont at 1 S 3 UErbad ma P, SRR ERRAIOEL A1 YRl Bl Mol

i nprove Zbddiesptallielewegiiydshe fdmbsiacate (AAL)tfia, payethylohc cahtialbdte

mat eri_al . enplary of such trea nts include chenjcal. treatnent, corona

t r eat!nentPo ¥agonil; 96?18}05?.@@31%}5&?5 gRAehicadHe): pﬁya_ﬁé,ns SHh ity

radi ati onyrichRigol BYSlyIadhesirey aﬁ@_ﬁlnﬁ'ltﬁ&eo%ly'Wiﬁ%&iéﬂtéd%p&ll}ﬁoﬁﬁ@n@(f&an
optional tic layer or prinmer applied to thé substrate 22 and/or the

coat abl e BPRY. i Eic. suBgwbe? 2mapeompnistramnsist dfplogsmades, polyemdesd phendbe used i n

di splay panels,,the substrate 22.is typically light transm ssive, neaning
[ ght - canoBe PPEASRIEL B cPPau R c i BbeRaceouS apt {RIRE he di spl ay can
be viewed. Suitable light transm ssive optical filnms include wthout WO

2009/ 014901PCT/ US2008/ 069577
20  The thickness of the substrate 22 can vary and will typically depend on the intended use of

the final article. In some embodiments, substrate thicknesses are less than about 0.5 mm
and typically between about 0.02 and about 0.2 mm. Polymeric substrate materials can be
formed using conventional filmmaking techniques (e.g., extrusion and optional uniaxial or
biaxial orientation of the extruded film). The substrate 22 can be treated to improve

25  adhesion between the substrate and the layer of coatable material. Exemplary of such
treatments include chemical treatment, corona treatment (e.g., air or nitrogen corona),
plasma, flame, or actinic radiation. Interlayer adhesion can also be improved with the use

of an optional tie layer or primer applied to the substrate 22 and/or the coatable material.

30  Where the finished articles are intended to be used in display panels, the substrate 22 is
typically light transmissive, meaning light can be transmitted through the substrate 22 so

that the display can be viewed. Suitable light transmissive optical films include without



limtation nmultilayer optical filnms, mcrostructured filns such as
retroreflective sheeting and brightness enhancing filnms (e.g. reflective or
absor bi ngyvo 2p@veandozi ng films, diffusive filns, as well RET(ES2@p8/085a%i al )
retarder filnms and conpensator filns such as described in U S. Patent
Application Publication No. 2004/0184150 Al, filed Jan. 29, 2004, the

entire 5disclosure of which is incorporated _herein by reference. As
descri bedimigtignguulplyyeraptisphiilmsami@astmepired Bimowcigs reopoglagtirdwstizg U t he

o1 1, | ARSI RGBSR 1| v

optical f arc ns sSm'ssion an
refl ecti dilnpr opeclt a®.gabiakab)attapder filaé hiyd doym@nsdtOafi inasngelrendesofibed iar ol ayer s

having differing refracti i ndi ces. t i crol ayers are .
suf fi ci erf -ﬁyf’%tﬁ?tr{{%wf“l%ﬁ ylﬁilﬁh?oqﬁ_ﬂ %95?@3 8§IS%X§| Upd i ?gnéfb%éu@ﬁ_ep‘ﬁrte_er faces
under goes;; GRnaEd JIGH kiR isAhcHpShlcd Helfieb) RifEh&L ence to give the filmits

reflective or transm ssive properties.” For optical filns designed to
reflect ultraviolet, visible, or near-infrared wavel engths, each mcrol ayer

eneral ly, has an apti t hickness ({4 .€e.,.a physi i C s 15multiplied
By te et RS ARSLER R snich SO Ba MU ALRI iy s chn
al so be idigdiatdRadf whehisafcsrfbrateld aRIS b feférafccd HiultilapdtohBER FilME afcindsi | M or
protective boundary | ayers disposed within the filmthat separate packets

of mi cr olthtewevidpti¢siteblgyrnsmoissios and/pr feflcpiondi rrepties afllerst potiplty Beabne or
nmor e .t,hi ck hesi.ve |. rs to | t Wo re sheet f | £.i . optica
(71 mi0h cl ARG o O Gy B e eI S TR S e b Bab bl

mul ti | ayeie aficieadly fhih so taelidhinefldcesdsat @fplirhiéty o€ blidCihicyRcdsnaidegdcof t he
respective mcrolayers. Each nicrol ayer can _be characterized at |east at

| ocal i zedFopFYctive AEdssHustive inferigrange 9 Ripe BisdilpgtsisBeqtive of HaPLwssivs - x, ny and
a refract] i-nd . jy at 1 I,.C: AXI ilm These
nd cea. Sl Por bbicATRACLAIARI Hehcl Utk BRRERIR G bhbindd (01 TEN
pol ar i zedvalctngthsidauh inliyrotiythgaeredlly hes an gptichthidnesx(@s., a phyqica diiclaess t he
refracgtive Lnﬁ%fes.ar contr II%E bgglud'cious.nate i.al s .sel ection _and
processi M EBHed By Bhictragiiys infed of jqshian shoyel Miggen- pNiekE LG alitsn of

mul tipl e jh AYELS sudnyRiskR 1hyert 8NBe BltcPURHLEISE RE ﬁltﬁy&rp?@te&ivet%néalr??r nating
polymers (polyners A B), followed by optionally passing the multil ayer

ext r udat daydns disgdscdmathor thevie tB@mupdratplpadets amidiadaycan dMulidaycs pptetat hi ng or
othermﬁsg?orienting he ext.rudate to fgrn1@}fin I filg% he resulting film
i's composdf High R F‘EP&O’(“Q%? on f faorg Ak, Ades Y gy axFr e 08%?’% O RB°

2009/ 014904KCH HORADRLE BFP&T filos GuntiRhteknesses and refractive indices are

tailored to provide one or nore reflection bands in desired region(s) of
the $fectrum such as in the visible or near infrared.

The reflective and transmissive properties of multilayer optical film are functions of the
refractive indices of the respective microlayers. Each microlayer can be characterized at
least at localized positions in the film by in-plane refractive indices ny, ny and a refractive
index n, associated with a thickness axis of the film. These indices represent the refractive

25  index of the subject material for light polarized along mutually orthogonal x-, y- and z-
axes. In practice, the refractive indices are controlled by judicious materials selection and
processing conditions. Suitable films can be made by the co-extrusion of multiple layers,
typically tens or hundreds of layers, of two alternating polymers (polymers A, B),
followed by optionally passing the multilayer extrudate through one or more

30  multiplication die, and then stretching or otherwise orienting the extrudate to form a final

film. The resulting film is composed of multiple (e.g., tens or hundreds) microlayers



Exemplary materials that can be used in the fabrication of polyneric

mul tilayer optical 5 filmcan be found in PCT Publication WO 99/ 36248
(Neavi n avoabodyor49ome entire disclosure of which is incoPpdrst@dobesrei n by
reference. Desirably, at |east one of the materials is a polynmer with a
stress optical coefficient having a | arge absolute value. In other words,
the polyner preferably develops a large birefringence (at | east about 0.05,
nore prefehespthickpesycs aad redsstive pdiceppredgitgiedtoyrovide ang of werHeHcctdEpendi ng
on the applhcat .o | ] I g | e i refri can be
developegﬁhgfaggﬁﬁ?ﬁ%g%gﬁﬂégg%é%b%ﬁ¥§SPP%%ghﬁ%pﬁﬁgk%ﬁgﬁép%ﬁﬂgﬁé film

bet ween one or nore in-plane directions and the direction perpendicular to

the filmplane, or a.conbination of these. In special . cases where |[sotropic
ot ract | VOTRAE S wé%héaarbgt%f @HEG?%EP%MPPQEW%“%%“%Y%PRF% par at ed,
the pref & 18NGA HeFbul IR PPER]alRING 99/3824 ?‘h&.@ﬁlt et%g)‘;‘ 1 erftif€dRAbMFEr S can

be relaxed, although ISbirefringence is still often desirable. Such speci al

cases mayfarhigeisiimcorprratse hertn pnreddrempel Yrasirsblf ot lawst erprofithd mseteanld 1§ or

pol arizer filnms formed usjng a hiaxjal.process ich draws the filmin two
Pt hogondioerylind s B3 aderh e R S RER e e B T Riieh Rotdsc Bt o
of mai nt olyh& el &@/@I&)‘f)@a@efr?@Bi_r@ﬁi'hgé&J_@i(ﬂgeaﬁﬁ’odulﬂ@IOS',[ﬁ@ré&ﬁ*@fehﬁiﬂy gpti cal
properties are inparted to the finished film A second pol yner can be
chosen f deaspebmait O] lagreven B2) when stogichadi IRgperding prrtheppheationwfthee fi ni shed
filmgthe ref.ractive . jndex..of the second Lyner. in | east ;.on irection,
ai 11409 I ELLIE PR R R BEOTRu YElern iV Ploas Rl ¢ 8088 brer ' T

the same tit pR6E bOihe Al ba@BYEHICiIGRorclilplant directoan ahétHealitct @t ed using only
two distinct polyner materials, and jnterleaving those materials during the
ext r usi orPepreaeElr fooths fidudancapt eeamabinsipn ofyasss. K spsciahcasps wherg isotropic

I nterl eav) l: vy i Sti v i al-s i i
novever - TS e A o B R P iBly S T e Rence
of a uni doelangt@rdfahgence bl @ Mchshate dfohmnpblemsswhe be rélixddhdtifoukin  Pr ef er abl y,
pol yners hei.ng coextr.yded have the sane or simlar nelt tenperatures.
ExenpPar fl&%ga&afwérlﬂ@ﬁ%ﬁﬁ%ﬁa%o%n_?v@ﬁaﬁecw GHUE PR HBE IR NS act i ve

i ndex 30C{Joﬁ}rﬁ§1§ﬁ|ﬁ%ﬁir1%?@ilﬁ_§‘§&d~'ﬁ>}r %lolaﬁEé‘If AhRYSm ARG @Hah&%ﬂdﬁé’ss, Wiikn for

polarizing ‘mul tilayer optical filmmade using a process w th predom nantly
uni axi al d&ewetheHilmgn tPENtho@REN| inRETicdRETpnPHNIEPS thaRtolymBScsPENY East ar m

| t PET/ . t ! | t WO 200 4901PCT/ US2008/ 069577
ey > prepatle pEainFE e bire B Rgt EH E el o8 thet By tiaLpipporg s
copol ynerar@impreado BRYBAsHER MmN 20CHAd FNOmRE a1 lRoohbbdrCfo6ihds 1ay & b tHeef er s

to pol yethyl ene terephthal ate, "coPET" refers to a copolyner or blend based

upon 20er ephifitact Gloase dat ingrsfinisbedetikn the refjartive ingteriof thsoegendynadynacraiiceti t s
copol yest 5 (RO ETEh e MaliiReb g PEr R AT Rl AR b Mg
the same direction. For convenience, the films can be fabricated using only two distinct
polymer materials, and interleaving those materials during the extrusion process to
produce alternating layers A, B, A, B, etc. Interleaving only two distinct polymer
25  materials is not required, however. Instead, each layer of a multilayer optical film can be
composed of a unique material or blend not found elsewhere in the film. Preferably,

polymers being coextruded have the same or similar melt temperatures.

Exemplary two-polymer combinations that provide both adequate refractive index
30  differences and adequate inter-layer adhesion include: (1) for polarizing multilayer optical
film made using a process with predominantly uniaxial stretching, PEN/coPEN,

PET/coPET, PEN/sPS, PET/sPS, PEN/Eastar"™ polyester and PET/ Eastar' ™ polyester
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terephthal ate units) commercially avail able from Eastman Chem cal Co.; (2)
for polarizing multilayer optical film mde by nmani pul ati ng the process
condi t i ors0abos1ioaxi al stretchi ng process, PEN coPEN, PENUSENS/RERN PBT,
PEN PETG and PEN PETcoPBT, where "PBT" refers to pol ybutyl ene

terephthal ate, "PETG' refers to a copolynmer of PET 10 enpl oying a second

gl ycol (usual Ily cycl ohexanedi net hanol ), and "PETcoPBT" refers to a
copol yest'ehcrafPENT efers fapelzcthrices saphiiplase ' spPENerebus taw £9polymenar iladof

t hyl - i (3, N . . _ | d
o o ksl SRR LE P i b ahEhaS, o2 1
pol yest er"coPEI rekasied a copolhyandrap basitlibasqlalppe sérephth8ENcsE SsPPEE et stBS,

PEN coPET, PENTETG,, and PEN THYTm 15f| uor gpol yyers re "PMVA" refers to
pol yrret hyWndigtastie Pylysiyene gpd s Yagvss,@?éﬁgst@ﬁsi%ﬁﬁh skegrtiop YoR&r nopl asti ¢

pol yest er i : | i yl ate
3 o%esfe? Bpéﬁ%%er (RELV &M féoﬁlgfl§é3{]9%gdslr%§a&ﬁﬁh&hféﬁ@%1 GRfs2AY

units, polytetrane ene et her glyc its, and cycl ohexanedi net hanol
uni ts) caamphtbilatel unitayva@inhratricellfy raganl dbdesfrom it aGineami CleimiCGd .Co. AR foriHvTENzings a

e e ShALP Bl e B O OB bt B R A s
films an%ré@sﬁ,t@N/m,rPMﬂPEmsPEﬂyPEbﬁ HENYRE TGl FEN/PRITco PR, wh 882, 774
(Jonza et al.), and PCT Publications WO 95/17303 (CQuderkirk et al.) and WO

99/ 39224 "PBIdeefkrsitk petybatylone teraphtbalaier &1l ('clcsuss et capboLympgir o PErc
25i ncar por at.ed _her ei n r rence. I ric nultil cal: filnms and
F11 midon B R g oM &ty BE AR e Sy AR e D 4 e8P Bt e ot v

optical, Jdopelyastecstiterepitblalay acihemircater picogsMtities mixthe qethyteikiglydol hits and
filmbodies can al so conprise_inorganic |layers, such as netal or netal

oxi de coabtRyenetiol )dpsmirsy flps skbidingaolarpdavirer filmse FIEEMMbe 22 may
conpr 1 se BPEROPRNER, BT/ BRIVAT pRNYLAP MnAmoBRREPRYYARL, PETRESLYE! 5, Such as

gl ass, neta eting, paper, knitted ma iIts, or the like. WD
2009/ 0149B4rRGPIAIG2 POISEDEIBER/SPS, RETIsPBPENfoRET ARIENVPETAL, ant @EN/THY 8t at i on

24 prqvides a neans for I hg .a coat abl terial t sybstrate 22 to
f ormia c&E{OéQPO%XIB?tST‘&]EGéG SBVRA DR B¢ RS v R aﬁ%{ﬁaé?,%&aelhaés SITH o mej or
surface ifseAMAECfor Mﬁe@nBﬁlﬁst%Bﬁ&és%&%r BPd IS RE ARINEy P QompHikd ace opposite

the 5first major surface. In the enmbodi ment shown in Figure 1, substrate 22
i s provi dodlohsxacdiombprylatgsings, pohdetranmahdencadtherighyl heits, embodi nent s, t he

substrate be provided i.n.a discontinu ormor in.Jndividual pieces
Cooa.  pratRtenge RpRliglin) fulmetdmly Sunite e Rbubt Chiedov 11 T e s
station iTHPPOW LedicWctiBnsliod oPATILDDpIRARE abMcEdiflly Agilable Gohd 31 on die in
relation to the enbodi ment of Figure 1, other coating nethods are

cont efpl dtaapaan®f .-l ™MNn the skill of those practicing in the field. It
wi |l be understood that the use of die coating is nerely exenplary, and
ot her nmethods of coating nay be equally suitable such as

Further details of suitable multilayer optical films and related constructions can be found

in U.S. Pat. No. 5,882,774 (Jonza ¢t al.), and PCT Publications WO 95/17303 (Ouderkirk
et al.) and WO 99/39224 (Ouderkirk et al.), the entire disclosures of which are

25  incorporated herein by reference. Polymeric multilayer optical films and film bodies can
comprise additional layers and coatings selected for their optical, mechanical, and/or
chemical properties. The polymeric films and film bodies can also comprise inorganic

layers, such as metal or metal oxide coatings or layers.

30  In other embodiments, the substrate 22 may comprise or consist of any of a variety of non-
polymeric materials, such as glass, metal sheeting, paper, knitted materials, fabrics, or the

like.
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slide coating, curtain coating, imersion coating, roll coating, gravure
coating, fluid- 15bearing coating, spray coating and the like. D e coaters
of the tyWwe 0evmasw@ill y described in co-assigned U S. Pat @0T/Use00886%3D, 305,
t he di sclosure of which is incorporated herein by reference thereto, arc
suitable for the production of matte-finish filns according to the present
invention. Additionally, pick and place devices, ink jet and other spray
coating technol ogies may be enployed in coating the substrate according to

Lhe-pr esapbin By B8 AR Y 5yhok A0dasl BRy e, g ag g sdnsgE! bed
6, 969, 54Gnatb1ealdo acliosstatoe toffomin'achatad gubistreter3pan athédh tha codrigile nfamriat betsi es

herein b ef erence _t hereto. di spensed onto the substrate 22,
coat abl ey%%r%mmr Sypface in gortagt “e?h 4*?.?@5&%@&@5&&%?% QT Pufage PPPOéBﬁf ct with

the syrfagg: @fjot E{ﬁfa%blbﬁ{ trh@teﬁlbg&me'ﬁk‘ﬁm%ﬂﬂsfh ﬁe%“édb@ﬁ@ce@ﬁ i{ pevkrRaLab! e

material formng a first major surface of e coated substrate. Means are
provi ded doofimgiuaogimgpt infageriail. shwhmcnd:foduh@lts;@laﬁ aibkeatpratagrbicgirofidghmtahe fir st

t t d t th
For  changlsth R FEbS: By EORBr eSS B beblire o Pedes BagioHg - RS scosi 1y
of the caogbabdtRnyaterial froma first Iomer viscosity (e.g., as a 30liquid,

paste or gel-like nmaterial) to a second higher viscosity (e.g., a partially
cured, thickened, somewhat hardened solid). In other enbodinents means for

Chanql ng \;Vﬁefe a%tZ%Qgé 95 ? :(lipgvl;/lty%zeo 90%4191? % 7a¥at\1{|s u as aX Fxttr%sm edl%%‘?l table

mat er’i decrea Vi SCOSTty e codt abl e

mat er i aI rEl’aﬁﬁih a) ﬂhb l’eﬁlfboﬂhlngalﬂebf Fig61&0IS bthér E@atﬁg&ﬂéﬂ@dﬁi alré)merﬂpls&d ghd yre |1 N
enbodi ments where the coated, substrate has been prepared or obtalned in

advalncechl thgp e skilhaf thags prastiqingeinghe Helds ligwidlchs wegrstpoaddhyt theusg of digs -
suppli e on{l)%& 53%%159 gémgla Sn§ BakPHh %Q?ng&a@ylg n{aksal rgﬂ%gb%ﬁaﬁ%tsﬁéﬁ & s

already Sfrate and
partialIwhducmﬂugthnmheagdngmn&anMﬂhaodemeﬂﬂbmmhﬂggima&&ammngnmndlnpnts,

means for changing the viscosity of. the.coatable materi al y, conpri se
meang f orbeﬁ%%?q%%gﬂ%am%% P‘E‘i//thﬁﬂlth G b P MR YRS SeRPralls SBPPRAI ¢ and
prepare tdyest; ?ﬁ&{ UUphRGENST 5,458 51, %B&@c%s%k@éft&ﬁw is 1ﬁéor}36ﬁ%ffﬁf&n %t h

face-side rollers, as described herein. In such an
reference thereto are suitable for the production of matte-finish films according to the

present invention. Additionally, pick and place devices, ink jet and other spray coating

technologies may be employed in coating the substrate according to the present invention.
20 Suitable pick and place devices are described in, for example, U.S. Patent Nos. 6,737,113;

6,878,408; 6,899,922; and 6,969,540 the disclosures of which are incorporated in their

entireties herein by reference thereto.

As dispensed onto the substrate 22, the coatable material has a first or initial viscosity and
25  isin contact with the surface of the substrate 22. The opposite surface of the coatable

material forming a first major surface of the coated substrate. Means are provided for

changing the viscosity of the coatable material from the first or initial viscosity to a second

viscosity. In some embodiments, the means for changing the viscosity comprises a means

for increasing the viscosity of the coatable material from a first lower viscosity (e.g., as a
30  liquid, paste or gel-like material) to a second higher viscosity (e.g., a partially cured,

thickened, somewhat hardened solid). In other embodiments, means for changing the
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enbodi ment, the pre-coated substrate may be treated to soften the coatable
material prior to treatnent with face-side rollers to inpart a matte finish
t her eon. gofzp@vilwiof the coated substrate nay be acconmpCirdiseesiososany

sui tabl e manner such as by heating. ISIn the system 20 of Figure | , the
coated substrate 30 is conveyed over idler rollers 32 to a second station
34, where the coated substrate is subjected to conditions to change the

vi scosi t yisspsitnel Ba spaiaple matayial eerapHises sicaphor degeamnethpatseesity ofthoom an

initial of,fbfs at¥ﬂi£%%§ﬁ5}ﬁr§t§]ig"he§€ﬁ9&ﬂ?f¥$ ﬁﬁ%%hﬁlfowérhﬁscﬁﬁﬁpnd vi scosi ty

bei ng greater than the 1niti VI SCOSI enbodi nent's “of the invention,
the coatable material, when first applied to the substrate, 20 is typically

liquid or, gel-ljke and is fl owabl e or spreadabl e so to forma liguid or
gel - | i ke IPIPIPOBMGRET ¥ ?ra|theoﬁ9am%r%a]§%¥at%laﬂ8fb§%p@9arﬁﬁ@r SbiBuee &t ehanee e
coat a3l e {Ri&fdiRlcr BRMGRORE §&cAbed IRRSH Sgg.?is ; bﬁ@dﬁn‘%ﬁé‘ﬁ%@%- rd-Bost Qe

enbodi nents, the coatable material 1 ncl S a east one solvent and the
coat abl e sBbsteat®y thalcoatsblappitéred isilreedy Hyyposed bhe¢hsubstratated Bikelyntoot her

enbodi ments, .the. coatah| e mater.ial nmay be solvent-|ess (€. Q. 00% sol i ds)
and the. caebPEn i bt ol Tt apTpY s bRaeneR by TR AESE FishodREALY or r eq
to the suh&dnk #hdrginSe0nositRbf BB cSAatE Mbk@RS AR BMpli% medatet ng t he
viscosity of the coatable material. In 30 the depicted enbodi nent, the

means f orlowhargihagischetnefshoerataple marigklamelttnit and oropassithg firhsunfesobsi ty of
.t he C@at %Bl EodlB %%Ist%allte folrQre%{%?e%q 'W%r}tag Lifle %ﬂe%sh agf crileescﬁﬁ%t I?e?el:ig. ﬂ?é ech'a%'
i ncl udes ‘ar “9east  one- sol ven - nmeans Fr I'ncréasi ng He V|scosﬂ{y of the

coat abl ¢ diodirhét, th\Pra2€8A8/dBLAS I PRMEY US2QMBE QOTFHA thagoadlpmaretidiestiorn t he
formof a heat source such as an oven, a heatln% element _or the |like

wher ei n tRA&cRHNENIE frrerads wlleisdo supgree fege figishtesyaere Saftehpigroftths gaated
sufficie I ] ] i al . | east one
conponenE%P%H¥%%k¥gg?é%?igﬁﬁ%g%ﬁayg&%ﬁg @&#%QE %1%§{oﬁ%£%%ation 34, the
viscosity of the coatable material is raised to a second or higher

5viscaqgsity to rend e coat.abl e terial_ sufficiently .hardened,. dried
and/ do - cubdee %Yéteghii?ﬁﬁgmﬁtlh&e Grtse 8ty 3his cpaved oy rr}g@r Hﬁl:géﬁ 3 torde
exact t efﬁ@%xﬁtﬂt%n%ﬁ, %vh@re%ﬁ&%@ecﬁ@%&tk&@is%ﬂg\%ﬂeh téjé'(ﬁﬁi%ns It clPﬁaf@E theOn the
conposition of the coatable material, the desired viscosity of the coatable

mat er i al vafcoeity by inexdasiag threvis@sion df i abatelple Bahterrd fohearamgiahbr Hfstt i me a
coated substrate dwells within the station 34. 10 | n so e di.ments, the
coat abl o WRPER B R Do SR e T R B T vivcoty
pol ymer i Zateh®3dingded dfRe inSehtiir, HRt @dtaBl hateriaPRhécatst HpIRl teHRGUbARRINet i C
radiation. In those enbodi ments, nmeans for increasing the V|sp05|t% of the
n, i.e

coat 38l e inhirecallalliqnshorashpike and ia flopableerspreadabie scorreghem ¢ liguidioasr
ul'traviol 1R fﬁlLr{\Qf rﬁeﬁ@iaﬁtoln%%ajlopgl{rﬁrcg gf the substrate 22. The coatable material may

comprise at least one curable component.

In some embodiments, the coatable material includes at least one solvent and the coatable
25  material is applied directly to the substrate 22. In other embodiments, the coatable
material may be solvent-less (e.g., 100% solids) and the coatable material may be applied

to a roller and then transferred to the substrate 22.

Second station 34 provides means for changing the viscosity of the coatable material. In
30  the depicted embodiment, the means for changing the viscosity is a means for increasing
the viscosity of the coatable material. In embodiments in which the coatable material

includes at least one solvent, means for increasing the viscosity of the coatable material
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15(1R) radiation, x-rays, gamma-rays, visible light or the like. In sonme
enbodi nents, the neans for increasing the viscosity of the coatable

mat eri al wonpevEe®ian el ectron beam (e-bean) source andPChaSc@sedste
material is curable or otherw se hardens when exposed to an e-beam 1In
enbodi nents of the invention wherein the neans for changing the viscosity
of the coatable material involves tenperature control for heating or

cool i ng dnay brePrewided bl e Jomneks heat seuremsughiap ps oven, adsatingclermeny %%@dﬁ@

Vi SCOST Yyt 5, TRRN AR s 8o GOPNSTR IR Ghnp bl S pRTBRG ! Spr ¢ e
means for changing the viscosity~o e coata materral 1s a

t enper at uobcataid/@lpaghllyhvardeadcast orevmpoh ety khevdoatablcthatedda tVéhilsinbbé r at e

passes to adjust. the viscosity the coatable material. In other
enbodi merte dtsltﬁéloﬁgé‘nﬁ“er&CO%Wa‘?fgI“%o%t S THERAEI TGt iR AT mat er i
conprisses;jgobigfmetAdd iss é‘o%fhﬁoleqhht%ﬂalrsﬁkﬁci&ﬂ?:hgﬁq&%g@,tcﬁféh%naﬁa‘? cedtged

substrate 30 ds it advances through the sy . I'n sone enbodi nents,
means f orendiwarfgithg proeessing eosi dogcofedthivecic.odbhabtast teatperatat of trepetmds a

plurality, of t erature-controlled rollers...In o r _enbodj,nment.s,  nmeans
Por " changigncaend) Cheid 1G58 P utifahioh St b PG Sour ce
of tenperaiddsi®y 60ME COIhIRE nhagial Bit&tit ddits M QLoRIROEHNRNIR, thEBRABEnt AT

changi ng the viscosity of the first coatable material 30conprises

t enper at uinee ¢ eertedsubsidati dygllsiwithingdhe 8909034901 PCT/ US2008/ 069577 I n sone
enbodiyments, the coatable material is applied to the substrate as a

sol ventl ess (e.g. 100% solids) conposition that may be hardened by cooling.
Mor eover ,Intsbeic @adbaiphtdrticasohablcmbjteridlinidyedd y/pdlgmbeaibédmb@risied watich ths
initial viscosity and thereby facilitate the initial application of the
coat abl e NPAYTBYIZatoR FReptiemhis iaitipise bahe applicatiparglqcgpmagidicdaditéirn- S8ubst r at e
30 may b oIM<Te i : k i jal. In

ot her ente)tggsl%nent gw%%%%%&%gqgﬁlg&%%é%%ﬁﬁgkfsﬁ%sgg’ﬁgp% r%%%%@%ﬁﬁgﬁgheati ng or
cool i ng idonpriden stwcadf dectrammgaciieptalbibe, iseabtnd/ ivics@O8) tagiati&rinSane

coat ahl e terjals in sone systens,. € sur f the coated substrate in air
unde?llgant(' OB AR PSR Y B DOSBiC e8] @rfhe ﬂs@-hﬂ}%}? qrrRodugehis e

material honResithérchditid MENiRbQREFhOEbatdbie HEREHT RREhrIeS £l AectRRf ki 30 agai n
to the system 20 of Figure 1, cCoated substrate 30 i's conveyed from second

st ati on 3fampsorte ehdsthatcoaubl@tatiral & dquivblsenahewisj lardasns mhao expdfsed he

he. enbod HERETE IR RSP nS T EBP S Re s BIFG & SOiTBIaC FRF oy
rollers 3fahe &RblSBsterihlinVbives RpURAELRE sbaRA féRhtiAEYWEIooling of the coatable

20  material from a first viscosity to a second viscosity, various mechanisms are contemplated.

In

In some embodiments, the means for changing the viscosity of the coatable material is a
temperature-controlled chamber or oven through which the coated substrate passes to
adjust the viscosity of the coatable material. In other embodiments, the means for
changing the viscosity of the coatable material comprises a temperature-controlled roll that

25  contacts the coated substrate 30 as it advances through the system 20. In some
embodiments, means for changing the viscosity of the coatable material comprises a
plurality of temperature-controlled rollers. In other embodiments, means for changing the
viscosity of the coatable material may comprise a source of temperature-controlled gas. In
still other embodiments, means for changing the viscosity of the first coatable material

30  comprises temperature-controlled liquid.
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face-side rollers (e.g., less than three) or additional face-side rollers
(e.g., four or nore) may be included within the third station 36. Coated
subst r at eavBQo%1IMmINt ai ned in sufficient tension aroundPCAAS268H957DI | er s
38 to generate a matte finish on the second major surface of the coatable
material, as is further described herein. 20 In achieving a matte finish,
the coatable material wll be at a second viscosity at which the coatable

mat eri al Ipsomerembedigapays, the cearblermatped iprrdisd do Bigahhsdtatd apcesodyeaticssol | ers 38
as it Wa?](e\@h%b"/agéﬁ ? t%ﬂ t‘ﬂlclt Pﬁ@fbé ha{ra&}a(a'bﬁzpb%gﬁﬁ% lgl}éréoggr ?ﬁ%tcrold&l'b n die

28. Int appropriate ronrrent ctronmagneti c radiation,
t enper at ungeridl wmaydinitially éfe (heated tdm&dﬁ&ncsahaial msmitg lahéd thevablyl fad:lhtatd:nﬁe

excessi vel ar enedtothe int that ngo fi |sh arted to the
second napéar]%an? afion Qfithg ewgiesighonsg the, Bl e rE\? eHISr e Cateh. s de
roll exss Inime @@na%@%a@d {Jﬁ’i@?e@&y‘ché’f\flséos‘ﬁ?rdf%eycd%{ab[@thht%ﬁ% made of diverse

materlals including; without limtation al um num chroned steel,
cl ast oner or clastoner covered rolls such as nitrile rubber surfaced

rollers, ram astic an 30t di nents of
the & nvertogir PR B g Bt Phofa B r BT i ichir SR pind DRRGE Brmot 1
and unr emgpa&adbfaih An lab&ptBROGEERNYiscIIRYWEFSI somldtos RBR Bibaslk @it face- side
rollers 38 may include a de3|8n pattern or other identifiable surface

feature fsastemﬁrwppwg ohthpoozod sy iragon pmdism@smagswomﬁdmah@lom pat tern
and tI%pO [ é/ t?on flard% hf%e cggtgglg mnqér(?al toS Ct%r'tﬁgr I;rggesggg l%lleg rﬁ;a Ei Lle n Such
eant ur es, IhO\I\AE‘VGI’ , are not Cf ng

addi tondl" res rrpart
the desired matte finish. As is shown in Fl gure |, the face S|de roller 38

iS positi oned in a manner that facilitates cont act bet ween t he face-side

rol | er artefeBegpBto dersysied <o tﬁﬁ@réda@%@élﬁﬁé%t? a9 & conpeysdrione 58t ment s,
the face-gj él%ﬁ 3&Q{> Ittﬁfds s R Ré'%eg!ﬁ aﬂoﬂﬁ%{a&g%f‘ﬁl%actogtqlbfe rﬁ'ﬁ&? al is

al so heat'ed as it contacts the r enbodi nment s, ace-5| de
roller s 3Breny chreacthotd @dnar fm@@dlm&lerst%aﬂntﬁe&mMmmtah@WhmF@hrei B al so
chiII ed as it co act 1 ac the roll .

wi shil fraceo% %Bﬂ%ﬁ %06‘111&}%9[158‘? f létﬂh%a s & Ie|“fl Lbg Upd 0 Featera rmat t o
fini Sh | StabdTRAE FfRred @ ol NEss SREAN LB RAditRitG] ?a@@ sita¥ r@llﬂs‘?s (&Y. efoﬁPBﬂ Qreyf the
second major surface of the coatable material and the unrerrar kabl e " surface
of the faverddeludod W&hmthmkimde%qﬁlomrﬁé ettt sabbteaterd srmahtairgedof suf fi ci ent

tack t hatsu?ﬁcp ent eln%lnonoafro&ntaefage 51 e ro f%rs m%%%{lgrgte%d@lgtgeeﬁnigl?oﬁ It]lee second

major surface of the coatable material, as is further described herein.

20
In achieving a matte finish, the coatable material will be at a second viscosity at which the
coatable material is not as ecasy to deform when pressed against face-side rollers 38 as it
was when coatable material was first dispensed by the extrusion die 28. In the appropriate
environment (e.g., light, electromagnetic radiation, temperature, humidity, etc.), the

25  coatable material will not be excessively hardened to the point that no finish can be
imparted to the second major surface of the precursor by face-side rollers 38. Face-side
rollers 38 may be selected from any of a variety of rollers made of diverse materials
including, without limitation, steel, aluminum, chromed steel, elastomer or elastomer
covered rolls such as nitrile rubber surfaced rollers, wood, polymer, ceramic, plastic and

30  the like. In embodiments of the invention, the surface of the face-side rollers is relatively
smooth and unremarkable in its topography. However, in some embodiments, face-side

rollers 38 may include a design pattern or other identifiable surface feature for imparting a
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surface of the face-side roller. At this point in the process, the coatable
mat eri al has been subjected to conditions at the second station 34 so that
t he precuweaniyve4®ohesi ve and resistant to flow and w | IPCRAS2@806e%37 vel vy
transfer to the surface of face-side roller 38 or deform when pressed

agai nst the face-side roller. However, the outernost |ayer of the 20second
maj or surface of the coatable naterlal adhere to the face-side rol]ler, and
then rel dwsEndp@metteEmnddoraeshy cataihe pevad mppoghEipssofshe epatdamatesial npar t
a mtte f [ in, not
i ohi ng roRpa iRl AR bl B e b AN o R AR P ac R o of
25 coat abhﬁten&hﬂr i A% 1sn;hywn i} F1gatd v, tlfaee-gide oolierf3ddepasititmet] @h b @ran88- th#t

st eady- st ? condition is tﬁglcall achi eved as. coa ablz material is

conti nual poliatgscquiat horwern the fcqeidedpiier and themaiog sufacio fiacopied sane rate
at whisch gpatabl e material is picked up by the face-side roller. In other
wor ds, an incom ng segnent of the coated substrate 30 includes coatable
material that contacts a face side roller that has been pre- metted with the

sanme coatable material 3 f styeam se e c ub trate.
no the. sdinnie TBPOsSniyfhe THEruA oo Bt B PHE b PaeSTRIF BfAl ' bF cis
up sone gf alsbBcfRORLAPLENARS Blirdllcralsr @R 8RBSdihRAtsORCEBRIc HolldreBS mﬁ? t he
sanme segnent of coated substrate departs the face- side roll, a portion of

WO 2009/ Besddirarcuszd o8 1ipsds zpatabls maiera dealbaghaleder qootedps at coplastsithe er i al
on tq% co 1?%:1ﬂ9§hﬂ?}s pllts away so that sonme of the coatable material
remains on ce-side’roller while a net amount of coatable materi al
remai ning on the substrate is, on average, equal to the anount of the
coatabl e materi al |ncon1ng to the face-side.ro 5 The process of the

i nvent i oMNgrovhing o be britnddo ponpaHeylpt theesy. %FSabﬁl@mdythﬁteapmé%Enﬁg it he surface
features %ﬁﬂ&ﬁ% ol tRE SecBhd fha &'shﬁﬁe %tg ¢ i B cggﬁe Qé‘cohéi‘ﬁla NG hS Not a

conventio 0sSI ng pro ess. ri sons I'ng a m croscopi c
exanlnatumambkrhhamﬁunﬂdﬁﬁﬁn@hmkﬂﬁeﬁaﬁﬁx&ﬁd&ﬂh&bmae&ﬂkndwmhﬁmye&ult|ng

matte finish on the secon na'or surface of the coatable erial
Goront r deaepRartpi Ty Sourasioy Hedi Pt ndifen gt amufSﬁémﬁ@%raqﬁiﬁ@S e
finish argrelofthe FRE.idvefs. ot R PoRf Al MEhroctlie iRaBLANISHABNMELIR exi ts
the third station 36 with a matte surface finish inparted to the surface
t her eof bybjehted tacedstiate at ticlsesand3&tioVBd e tiap thef pre¢ursnr iherhdeine agd t he
coatabl e resistant to flow and will not excessively transfer to the surface of face-side roller 38 or

deform when pressed against the face-side roller. However, the outermost layer of the

20  second major surface of the coatable material, adhere to the face-side roller, and then
release therefrom to create a surface topography sufficient to impart a matte finish that can

be viewed in detail under magnification.

Again, not wishing to be bound by any theory, in some embodiments, a small volume of

25  coatable material may initially adhere to a face-side roller 38. A steady-state condition is
typically achieved as coatable material is continually released from the face-side roller 38
at nearly the same rate at which coatable material is picked up by the face-side roller. In
other words, an incoming segment of the coated substrate 30 includes coatable material
that contacts a face-side roller that has been pre-wetted with the same coatable material

30  from an upstream segment of the coated substrate. As the segment of coatable material
contacts the face-side roller, it picks up some of the coatable material already deposited on

the roller. As the same segment of coated substrate departs the face-side roll, a portion of
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| Smaterial are provided in the formof an optional fourth station 40 where
the coated substrate 30 is exposed to conditions to harden or cure the

coat abl e wateewvmhw1The fourth station 40 is optional inPCRAIS200806%56at abl e
material may not require such a treatnment. In the system 20 shown in Figure
|, the fourth station 40 includes a source 42 which nmay 20be a heat source
or a source of electromagnetic radiation such as ultraviolet (UV) or

i nfrared th Ryfacadyar piofe coatablpmatqriagpe thoconted subsimtmmplitsapey se-thaarmsr t he
like. I'n SORE.LHRP %‘n%ﬂ&ﬁe Gl oh At £ §%d@tr61?é? Wiiled e?gﬁﬁurﬁao%%ﬁb@f
thermal [y curing the coatable material . ther e ment's fourth
st ati on imatariglacinamingronsthel sﬂgtraapiahineweffage,mqmlab itheganaownti bf thg cosablti on
within the coatabl e mat |aI é t|II ot her enbodi nents, the 25fourth
station 4R RpPe &ethg Rsmidsvalli on of heat and radiation curing,
optiogally with forced air drying or other features known to those skilled
inthe art. In still other enbodinents, the fourth station may conprise a
pl ural i t yTtefproceds of thaalvestiat ponslesn nztielfumshl withouo flagishly cegrodiamg te or

anal ogous _t e sour e 42 odinent f.ourth station 40 may be
cont | gur afes GEwTS W G&nof BT amaThelpiEnet s fTiony: Eheond st at: on

3034 (e. GonvéiRdhhINGNRssiRP PtdcBG) -CotipapiRbnsaiale RefnkaGhRfos dpl§ Bk Shidatdsh of
defl ects heat or radiation emtted fromthe source 42 and directs it toward

t he coat dh¢ surfageeef tht fasa-sidsaoloarad thsubsuting magolinisyon the second major
2009/ 91490 éHﬁ 2 Qoa%bqg %%Zerlai derﬁonnﬁrat%qgeg(%he é gldF %31 urf C)cres agc\il\ﬁl%m ng the

coatable co 1"le, for

exanpl e, rasmtﬁleéemara@lﬁﬁ@h aﬁQioY[’fﬁfrbﬂﬁﬁdg@@oMMSﬂleW t h| n the coat able materi al
runs to conpletion. 5 Follow ng hardeni ng, the coated substrate 30 may be
conveyed to another station (not shown) such as a cutting station to cut

the_conti fiiQus A ieHPSE LM At RuBIBkLSIL ShSEL ShPics Bl MBartcd to

Al ternatively, the coated substrate nay irected to a mnn@ﬁup station
wher e t heheeantdcn ttlmeofdgahceﬂlcwinlstmlebﬁtre% sMeansir tiprthen hardbmhg{hm:oamble for

le. Qh 0
el Udea THoTHPEHER it ot qesenbnhe Bt RRREETRs W bR BaFuFT) cle. The

present iguankd wlsré&?ageQ% céﬂdlﬂﬁs%' Haldbg of Edce tﬁeaaaaﬁgleqn%ﬁme Thic Foeh t hat
are made fromcoatable nmaterials via contact wwth one or nore face-side

roll ers. s@tenidvenpticoal mrthitltbs coatable material may not require such a treatment.

In the system 20 shown in Figure 1, the fourth station 40 includes a source 42 which may

20  be a heat source or a source of electromagnetic radiation such as ultraviolet (UV) or
infrared (IR) radiation, visible light, x-rays, gamma-rays, e-beam or the like. In some
embodiments, the fourth station is an oven capable of thermally curing the coatable
material. In other embodiments, the fourth station is a radiation source capable of
Initiating a curing reaction within the coatable material. In still other embodiments, the

25  fourth station 40 may comprise a combination of heat and radiation curing, optionally with
forced air drying or other features known to those skilled in the art. In still other
embodiments, the fourth station may comprise a plurality of individual stations or a
plurality of sources similar or analogous to the source 42. In some embodiments, fourth
station 40 may be configured to apply the same type of treatment applied by second station

30 34 (e.g., heating or cooling). An optional deflector or shield 44 deflects heat or radiation
emitted from the source 42 and directs it toward the coatable material on the coated

substrate 30.
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| St he manufacture of matte finished optical filns and the |ike using
initially flowable, |ow viscosity, coatable materials. Mreover, the use of
such fl owsbl2eg9/digeatvi scosity, coatable material s enabl epCrThS20m800d5att ur e of
articles having thin filnms coated onto a suitable substrate. In sone

enbodi nents, the resulting thin filmis at |east about 1 mcron thick. In
sone enbodi nents, the resulting thin filmis provided with a thickness

bet ween about | 20m cron and about 10 m crons on top of the substrate. In

still other [ \ £ hi (o) o I ' S
greater p ﬁgﬂ&g%g%tlo : ?r% g{regﬁssﬁ??'%\ﬁtgﬂﬁelg ?%r%g%?%géoéﬁ ,@gﬁﬁoﬁéﬁ%l?hgﬁg&%‘}’ﬁr% ity
of face- gbdmbicak b@rdti@s vddle, foe cpaapledefted radatahpslymeriznga mpesdess withlin the
configurati ogﬁe, all. contenplated within the scope of the present

25i nvent | GAe H%at%?li%toéPF‘Qif‘é‘@Prent s of face-side rollers, enbodinents of
whi chsare di scussed below, can alter the properties of the final matte
finish. Additionally, the final nmatte finish can be influenced by

cont r ol | ileglowvnez hardpeng the eatfd subgrato3d edy dalbenveytdtomnotien stahom thost at i on

36. Th | trol of th y d bstr.at t thi t f the ..
o nut ot ORGP Bich s e Slutlnd PR PR PR G ftoatel Bo e i RE disgisten o

materi al sapgbdsha1Bahekay @k cofted hhsaoRaR 1R dRCRUIteh vald-up Statias §hsicde
rollers 38 as previously discussed, where a portion of the surface |ayer of

t he coat db¢ eontmuens eratadrsubsitnteigateadsipteatartakeug pill, feor axpmples dpthergiroedse
coat ghl e terial r inin n.{h c i rol| er ile .net _anount of
o 5006; oTBY bk, { EBR6ErBesE0y ey bR f Rt i M0 dSefafEhn MR O

Means f orofhias leniantgrld. he coatable material can include the heating or
cooling of the third station 36 by, for exanple, heating the face-side
rollers so that the coated substrate 30 is also heated, thus changing the

b R G o T N
rol |l ers awdtabkRenstutidt vatcentaBywthangomngotehfece-side rollers. The invention enables
15  the manufacture of matte finished optical films and the like using initially flowable, low
viscosity, coatable materials. Moreover, the use of such flowable, low viscosity, coatable
materials enables the manufacture of articles having thin films coated onto a suitable
substrate. In some embodiments, the resulting thin film is at least about 1 micron thick.
In some embodiments, the resulting thin film is provided with a thickness between about 1
20  micron and about 10 microns on top of the substrate. In still other embodiments, the

coated thickness of the resulting film is greater than about 10 microns.

In the foregoing embodiment, the plurality of face-side rollers 38 can be provided in other
arrangements and configurations, all contemplated within the scope of the present

25 invention. The various arrangements of face-side rollers, embodiments of which are
discussed below, can alter the properties of the final matte finish. Additionally, the final
matte finish can be influenced by controlling the temperature of the coated substrate
within third station 36. Thermal control of the coated substrate at this stage of the
manufacturing process can further influence the viscosity of the coatable material and the

30  behavior of the coatable material on the face-side rollers 38 as previously discussed, where
a portion of the surface layer of the coatable material on the coated substrate splits with

some of the coatable material remaining on the face-side roller while a net amount of
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manner in which the coated substrate interacts with the face-side rollers,
the quality and/or properties (e.qg., optical properties) of the matte
finish canoapedpipwichanged. I n sonme enbodi ments, both tRETESC@s®sL@7rol | ers
and the coated substrate arc exposed to 1Oheating or cooling conditions in
a manner that influences the viscosity of the coatable material as it is
exposed to the face-side rollers, Thermal control of third station 36 can
be acconplop@hlsdnygridaemaias Ay therubgirae. aMicans fophardeniag terconghlcimyredsring of

t he atno Iy ﬁ%pgg! t e f
face-sidzﬂggéfgégﬁégﬁ%gg Ehm%ctﬂggggp y |re3n$9%%g%¥ﬁh%&%¢’ ég%ﬁﬁgdghe
f ace- si deolakkermt drdoated b@]ﬁSk‘[iaﬂ’gS(]’IS lalse mSateﬁumlns dhaaging theogropattd (reg can be
acconplished in known nner. use of heati ils or

ci rcul at i PRFOPIYi Qhhe qﬂa@agﬁnﬁtﬁ@alﬁ&ﬁ%@ Ak P @Ptb%wﬁgﬁa&h@ﬁea@blgcos. ty of
the fisrstygoaf| Rﬁgﬁ?%&ﬁk@ﬁﬂmQ%&ﬁéd@&ﬂ@ﬂQﬁH?ﬂ$ﬁﬂﬁ@&etBgchgﬁﬁﬂ?%econtro' of

the third statio 6 and/or the face-side rollers arc hin the skil
of those mpamet incwingh the cohedfsibitate inferatneite tieddeerarde syllets éheamualityeansjost em 20

may be encl osed to pr nt coat ab mat er e. on the face-side
ol e s FHORTG (i BBAF G BT SHGF PP A ahaLe SR Ene 11 ght . Such an
encl osure nmay be provided in the fornlof a shroud constructed to bl ock the

25transm ssion of light or other electromagnetic radiation while being
trans par dntsoma suphdingentsa both th%lfa@e*sid@mphlfgs od thh sopiedsebstratelape @m«?éed to

enboq egt’mgt grectoﬁpﬁg ?? dilifforsin %hra{ﬁ%grf tﬂgt%/lﬁ ncgs {hegflilscgagl ?% theb go e €8N be

purge ered gasy” ani nation on the

face- si d&ndit@ﬂl?ﬂ%ﬁ $t.is MaFs el & the me%yc&tren&sermémwl Benteol PO thirestdtibaldoecanier i al
as the coatable material, the p urgeE%as is chosen to prevent premature

curing. Teeomplitied by grelosiag thitdsrtion 38dappmeilheasingspeling oftbe aMMasphess or
aer osol qhé?%{ﬁﬁp coating material. WO 2009/014901PCT/U82008/069577
Qperation o e foregoing process in a "clean" environnment nay be
desirable to prevent defect formations in the coating caused by, for

exanpl_e, one or re str rticles. in the coatable materi nt ed
par tilel edn O g @ﬂﬁtentSh@fy HBLioREO L, f‘%?c%ld%ré)ﬁl\%geﬁ PROC Y f‘?w PHHG t he
face-si d%eﬁ@ﬁ% & dodling Eﬂé‘&ﬁc&&@@?dll@% aﬁ&d/oQ%Eﬁmg Qﬁfe?sCtSch h%aﬂﬁlgvdr(‘cbﬂhﬁ@’ cdf the
particle eferring to Figure 2, another enbodinent is shown in schematic

for the dmﬁangawmmtdofakmnelmnmgﬂ(oglby$w®cﬁbmdn@gnmam&heMpubsmpﬂmds

i nventio a,si.n f sid 138 ovi.de matte
o © dnoeh BsTBlEs Ein oS Ehge BSuRir B O lns Hrv bR R IeGRl. Pl e
roller 138ranBym&ifs forsiRs thedhdl RbSrdIRE tiKYHire Radbn 36 Mol the Fa @U@ rbllbR 38l ace of
the face- 10side rollers 38a, 38b and 38¢c within third station 36. In

anot R8r exidwithinethe skifl ofthase eracticinér thefficihice- si de rol | ers may be used, as
shown in Figure 3, for exanple. In the depicted enbodinent, a plurality of
six face-side rollers 238 a-f are used to inpart a matte finish on the
coat abl e ImBbeE icalbodingPOs i @firsHRRhl 20 MaR B endldsed to prevent coatable material

(e.g., resin) on the face-side rollers 38 from hardening (e.g., polymerizing) under ambient
light. Such an enclosure may be provided in the form of a shroud constructed to block the
25  transmission of light or other electromagnetic radiation while being transparent enough to
facilitate viewing of the process. In some embodiments, the enclosure or shroud may be
configured so that it can be purged (e.g., with filtered gas) to further minimize
contamination on the face-side rollers. Moreover, in systems employing a polymerizable
material as the coatable material, the purge gas is chosen to prevent premature curing. The

30  enclosure may also be equipped to collect volatilized or acrosol dispersed coating material.
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15t he depicted arrangenent, the face-side rollers 238 are grouped in two
sets of three rollers each, rollers 238a-c being a first group of face side
rol |l ers, wocoewlikswns 238d-f bei ng a second group of fac@cCTiuseoosobysers.
Idler roller 232 guides the coated substrate 222 between the two groups of
face-side rollers. Again referring to the system20 in Figure |, the
plurality of face-side rollers 238 of Figure 3 may be substltuted into the
syst em 2@p%atmnazféhez®é¢g0@rrgeprp9@él%a d@e%mnéar@n@gaﬂwhﬁ denirgtde B prevan 36

O her co fs t her
enbodi rrerq&&@%@ggorgsl gqa?'hg ‘Eal[s% hg %r oug i %te %9(@{8%?8%?[ Cl%ésniﬁgﬁés)econd
surface ojoaitabh rna:tartlaibKhlmteelrpaa[clas&ianglsaumltlpn dasiradh garten betses fawovatad Fi gur e
4, for ex In thi 25face-sjde.raller 338 i aired wwth a
backi ng r Wé&d thg frec-p TPQ‘%&%SE Creginieet ROFHt gﬁﬁe%t Ipiee GERHN AT YRS of ¢ ho
coatalgl e material on coated substrate 322 which is carried on backing

roll er 346. The coated substrate 322 is conveyed between the face-side
roller Si&fammgttmﬁigtu&ckiamgthleotm‘emdi@&ﬁt wishdwit inescheroktiniyr thel drengoagdbfe of

bei ng noved r. ill ve todth f.ace- S|g|e rotl 46 t therle%C ‘i/ he second
surface of“tH ¢ S5 Y 8?‘?%?“%?8 dasrEd- §6 é%% TRt BE8ZTCOcEnt act

wi th face3giglevil& themad3&inas teld coablenalidl Hispbh@l Jodubstrat 13 The fabe
second surface is held against the face-side roller 338. In the enbodi nent

of Fi gur esidg, rofernt LAkt rory mwsedpn@\/th@l exbtany 2@ sawioin Kipercgl iapéave of theffagde

coat el% ? ﬁ%r%‘ 3%2238\@'%9 S%E%t?}?n thlrd staklo 35?06 S! de roll er. 338. Act uat or
348 can beo I'nc ing without limtation

pneumati c, hydraullc plezoelectrlc el ectronmechani cal and the like. In
this nanner t_Bressure is exerted on the face-side roller 338 through t he
act uat or 18480 A" emloeshme) i atrater ARBPCT of fage-yiflg rollges ra@pl?f‘e@sea{w PWAINt he nip

22%?%2% #ﬁ% %Qarﬁ Eelﬁ B! a%Plc?b%% hﬁéht"‘é %ﬂra@gﬁf 89 el ﬁé’f@ 2‘§ﬁ” be

nf|gurat ons o ace Si ers, Inc |ng ose
enbodi meni-Bara hls@taidqu}ms ausgtedinidit dn the spaeble haatdriad) drspssealoa.suHthIn In

arrangenent .can be confi ured W t he system 20 . of Figure 1, f
exarrgg %d%etsﬁ? ggangqae bélieeféc%ﬂ gf@%{#%ﬁf@&@%ﬁq té?’@eS%E“i OgéhrFB rqci[ﬁr 38C

prior to AUPISNAY 288Lc 688k ﬁ(ﬁrﬁﬁg‘%&lﬁ & faé&s@@ﬂ%@bfs‘ %bﬁroﬁ&fsfz'ﬁ&l §BkinkQ achi eve a
final hardening or curing, as are provided in fourth station 40. Sinmil arly,

f ace- si descewid gouIBGfoaamidbaﬁlﬁrmgdtemlml@r 232§umiamthb@oat@drbmbsadtevﬁ2t2ibefvma si de

| i 2 t d bstrate ) -sid
o1 or 19k SrEpoBpdtRes Mg oty SRR st Bt AR SR "B R Gore 4.
Li kew se,plé@f-¢fifiR-didd 1oers338 of 1&59%@9‘%@%&1&1@& 1&6@1&@@&5@(}3@ daed

W th face side rollers of Figures hat the coated substrate

| eaviZfg fﬁé@@ﬁ@@dﬁmlleéw%@wthfféﬁtaéﬁaﬁﬁl e, is routed through the n| p
arrangenent of Figure 4. Alternatively, single or nmultiple nip arrangenents
simlar to the one depicted in Figure 4 may precede or reside between any
nunber ofOthac&nsbifkgiond b &ics-saiddolddrs arRghysesdhtempliled. In another embodiment, a

face-side roller may be brought into contact with the second surface of the coatable
material using a nip arrangement as shown in Figure 4, for example. In this embodiment,
25  face-side roller 338 is paired with a backing roller 346. The face-side roller contacts the
second surface of the coatable material on coated substrate 322 which is carried on
backing roller 346. The coated substrate 322 is conveyed between the face-side roller 338
and the backing roller 346 with the backing roller capable of being moved relative to the
face-side roller 346 to thereby move the second surface of the coatable material on coated
30  substrate 322 into contact with face side roller 338 as well as to adjust the force at which
the second surface is held against the face-side roller 338. In the embodiment of Figure 4,

actuator 348 is provided to control the placement of the coated substrate 322 with respect
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I n enbodi nents of the invention, nultiple (e.g., two or nore) face-side
rollers are enployed in the creation of the desired finish. In sone

enbodi merwe,20a%ma490ul ti pl e face-side rollers are of varyPAE/USR@SOESIS. | n
sonme of these enbodi nents, each of the face-side rollers will be of a
different dianeter. O her arrangenents of face-side rollers will be
25apparent to those of ordinary skill in the art, and all such arrangenents

are contéﬁﬁ#é@@ﬁ“é@“ﬂ@?ﬁégwﬁ@%@ﬁ”@ﬁ%c§b@h@%@waPW@PﬂW@@ﬁﬁgﬁﬁwhEW@%mmap angl e
of the subst q’ alifi@hsh ﬁr?e%trﬂaﬁg,[l@fcﬁ’ @%J%Tle{cﬁ?ce <Rl figrnE ahlc d%éﬁ%gl °l eyvari ed

by those Sk Int art erent leve matte "sh and
opti cal phmpmmee@resﬁﬁb s execrtdher tlasfpm:md@folleh 838 thivauphi tb@actaatmaﬂ&ld aof
providing a f]g%{nmth a matte finish is provided. The nethod includes

provi di nORIreot B Khbst rat e conprising a coatable material on a substrate.
I n soge enbodi nents, the providing step conprises providing a WO

2009/ 014901PCT/ US2008/ 069577 pre-coated substrate that can be fed directly
into the Isysl bmpiﬂsqiatb@&mtﬂemép arrarigemehhafrfaenb deliakenB 38 paited vpitlobdcllingg st ep
conpri ses of Kin h coat d substrate b yi at abl e
ot 1ol B SRS epEPbed i EadRRh AR i R o PR

Vi scosi tyemﬁdaﬁné‘rﬂﬁﬁl%hh? diREREd dlithabsheths ﬁ%ﬂ% 1-3t ght AfgarisgdmeRahfbe
substrate in which the 5coatable material has a first nmajor surface in
cont act wonfigwke wflihimsithe wejtem 28 wf Fagee bf for peamplpdeo M@efeéh@lcwt@e@bmtmj or
surf gce it or surf t bstr

or ovi dod CE RATH et S b1 ReCRBL oo B8 s B R ST Mt o

t he coat ablachised efihllhafdeamgtdiuting, tak afe prosides int tymttl@ sfansle 20. nsln\ﬁlasryom ty;
contacting the second major surface of the coatable naterial with at |east
one face-f2¢geds elice?3§ end basking rallerato €an be pombined with fagsptidoredlersyof har deni ng

the coataf é rfasrg%étfﬁ'le Eo%te‘&rs%ét ite ﬁﬁle&%hg‘F Hd%gmﬁeﬁﬁ%t for ek&hﬁl‘% isCoat abl e
t | nv se

materi al s |'e for use In e presen ention nay conpr any of a
vari ety crbun‘ed Ithmﬁgiruhbmg) mlgemaﬂnsof Phgursénﬁﬂmvhsnjlfmmde rolltre3 38aamtiabl e

mat er.i_al ric Smat eri ed of e or | yner s and/ or
ol i gdéersbaflﬂng 1&%556 Cfh %mblg?ﬁﬁw&ﬁ% erpH@S@%ﬁt%@Sﬂ?&?é&?%%@ a

m xture ofHQRge 912 ifg me%m%rr%nemgg%%mmg il r&l&em{dﬁgﬁ&& #ip one or nore
solvents. In other enbddi ments, the coatable material includes the

f or egoi ngrrehggoereof § )gurmﬁnéhemﬁsyelﬁmugk mpmhgtm lﬁlp )armmgemmﬁatmmdmrte tbol vent s
along with %f’ Hﬁ of $§rt|clesdor @Eartlc ggogg‘{) 1es can be
surface rMbdi PR B PTEEIE AR PHELCRRAD aP%E“fH L ARRY ee@ Have a
nodi fi ed @g@i@ﬁ@m@ hat t he nanoparticles pr ovi de a stabl e dispersion.
"Stabl e dispersion” refers to a dispersion in which the coll oi dal
nanopdrticl es do not aggl onerate after standing for a period of time, such

as about g4, AAHE SenI¥ARL 1n%'gptjlo€f1r,] ]inu(ft(i)ﬂg '(é é.?Réd orfim8re) face-side rollers are

employed in the creation of the desired finish. In some embodiments, the multiple face-
side rollers are of varying diameters. In some of these embodiments, cach of the face-side
rollers will be of a different diameter. Other arrangements of face-side rollers will be

25  apparent to those of ordinary skill in the art, and all such arrangements are contemplated
as being within the scope of the invention. The wrap angle of the substrate and coating
around each face-side roll may also be varied by those skilled in the art to impart different

levels of matte-finish and optical properties.
30  In another aspect of the invention, a method of providing a film with a matte finish is
provided. The method includes providing a coated substrate comprising a coatable

material on a substrate. In some embodiments, the providing step comprises providing a

21



25room tenperature (about 20-22t), and atnospheric pressure, w thout
extrene el ectromagnetic forces. Surface-nodified colloidal nanoparticles
can opti onal2oe/meopr esent in a pol ymer coating used as RCTABL@ISI069577
conposition herein with nanoparticles present in an anount effective to
30enhance the durability of the finished or optical elenent. The
surface-nodi fied colloidal nangparticles described herein can have a

vari ety dfcdeapqd sseatgihaticpybeted dirgeily Hitg ghe sygemedeserificd herpith olpeantharel e

e AN R SO IR

s form |sper5|on¥ w thin
t he coat apbbimpapesiti¢ materinbadd b\subsyraad, tHchwatablropaeitial dlaeingiah linitihle coat abl e

conpositign maki ng the conpasite re durable, and a, loqw inpact.or uncured
conposi t i BHO¥s LB FPIGAT R Pt orbaFate THRS? fPY baFHG &W@&% e used
to nagi p'-blog{aﬁl_etrg@ceﬂi'ﬂ(ﬁ% g¢irg %&&%ﬁqc@fn%ﬁfaﬂ ®ih ofe flﬁtgfemgﬁmﬁﬁic% bPthe

Sur face-nodi fi ed Snanoparticles can I nprove optical and physical properties
of the coabsbitearcbnposnd mejor suticcappoditrthekestplagr sirfeco adtertieséaatadechani ca

strength, mnimzed.yi scosit hanges ile increasing solids vol yne

oadi ng IHOYHE BRERTE TETREBT P BR Ayt PR Spie 0 MAFPYY AN o

i ncr easi N@aBlel Hlat¥@d]YFeEn tRARADVikEbsII® £ 0RbAPYBcE&AHFPEMtddAR thelbshdone
enbodi ments, the nanoparticles are surface-nodified nanoparticles. Suitable

sur f ace- modpr susthce of thgicdairbla arspraal mild as dcastonedeamyiilswllox jodepgkratnatices .
Nanoparticl.es y ise.a.r e articl | ZE€ % known rticle
2o suFlfR el errLY. RvBnhFRRS-Rlp Rk Guta BIARE i Rl DA PRE R oo
particl e faigle may be within a range fromabout 1 nmto about 100 nm

Particle sizes and particle size distributions may be 15determned in a
known manner including, for exanple, by transm ssion el ectron m croscopy

(TEM . Sub 3 EmIRRARANEL %gogugé‘{h the s&ﬁ‘?n@e%’io&ha.?f éﬁﬁa&% %(nr?ggfar%trﬁf éal S

such as neta OX|§%S sel ec romafumna, tin ox ny oxi
silica, affdmrfoaninginiadiads. aindomerdnibtodimonts tiaf caatablcomateniles efpolyericor egoi ng.

Surface-nodi f.ied coll pi dal nanoparticles can be substantially fully
cond sed{fla%ahCﬂn@&ﬁ@O%fdrﬁ%&rﬁ%? BOLYEYTS 4 o QHEpaF e s geléa.ll.n gﬂi{}% a particle
size T anglnfihdfhaii, AOUaisId Ra@RAOLS o FR bIoRAGTRRALIRAL Siiadihlt GAd

nanoparticles can have a particle size ranging from about 10 0 about 30
nm Sili darpalyopas iniwkes neaa sdlecps. emartheriembod ananga thebdogtablepatsiiali on in an

amount f rigcrpugebSC%Hé fo]fgg&ir(ljg gl?goolilrger(’lés),%lgnhoinierzsp andlon] po?yr?l(e)r é)qr?ro]}les or r%lmlrel sofvents

along with a volume of particles or nanoparticles.

20
Nanoparticles can be surface modified which refers to the fact that the nanoparticles have
a modified surface so that the nanoparticles provide a stable dispersion. “Stable
dispersion” refers to a dispersion in which the colloidal nanoparticles do not agglomerate
after standing for a period of time, such as about 24 hours, under ambient conditions, ¢.g.,

25 room temperature (about 20-22°C), and atmospheric pressure, without extreme

electromagnetic forces.

Surface-modified colloidal nanoparticles can optionally be present in a polymer coating

used as a coatable composition herein with nanoparticles present in an amount effective to
30  enhance the durability of the finished or optical element. The surface-modified colloidal

nanoparticles described herein can have a variety of desirable attributes, including, for

example, nanoparticle compatibility with a coatable composition such that the
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25nanoparticles can be present in the coatable conposition in an anount
fromabout 25 to about 80 phr, and in other enbodinents, silica
nanopar t iwDesoEwobe present in the coatabl e conpositi oRCIruSarsassant from
about 30 to about 70 phr. Silica nanoparticles suitable for use in the

coat abl e conpositions of the present invention arc commercially available
fromNal co Chem cal Co. (Naperville, Ill.) under the product designation
NALCO 30 meappacyighpg fogmstabralispsysipasyyshigithe eoptabloenmenositioncteaeeitif s pr oduct s

1040, 10%noﬂea(11§(96 whAGRe c%a%@oqe Mﬁ)%ﬁ%% QH%% ARl S B%%%%%lgraﬂg YG6%

i ncl ude for ‘exanple, products so under e tradenane series

OX- 50, - lidPact-otdA¢curat dompeti@vakdoahy.e Afdoatrbinadion 2008t 4901 RETIOUS2O0R! 069577
DeGussa AG  (Hanau, Gernmany),. and - O SPERSE 2095, CAB- Q- SPERSE Al105,
CAB- O- S| L?Sﬁfis'goa%mp%teéﬁ? P%%&r@amc Lgfpp?rﬁfa%%ghs,compw}%ﬁw EMAEIRG ng
the nanosj,agch-RALL éa‘%llﬂg@r B Vdnd Phdsisd ?Pd&rt?és ﬁ{esdo‘a{éblerbohicb%sﬁ%}ﬁt abl e

b |
conposition (e.g., a lymeric resin). Preferably, the surface-treatnent
st abi | i zessch he foramxepats, incprosed Esinmatchahiealpengtb) mmiBret vidoesityedhlanghiss per sed

in the coat.abl e conposition and results i subst anti al honogenepus
composi ¢ NG ParENEY sos S RadiBR i i epdefe amae i BB e | east a
portion Qflarithy Syhsleih@ERind dolld FoRmid 18&ENE L@k BBRhLIBESMposiAot.hat the o
stabilized particle can copolynerize or react with the coatable conposition

during curing. 10Metal oxide nanoparticles can be treated with a surface

tr eat,nent,_agent . .l n. er,al sur,f ace treat nt _has adJir end t hat
R e R S R R S

strong physhasebpificdnplicids ransea06lds &mctonipiise bRidaphsickanpahofirticltymay t he
particle with the coatabl e conposition and/or reacts wth coatable
conposi t iSORPEISE P K128 Of PRIGCIeBIZe BN est lgTova\patide size ditrKen 4engi¥eh ncl ude

al cohol s, 1.ne iy Ci -oni e S i ci ds,

si | anes amn%g?tliﬂt g%gﬁésfp%#elhlt%%’eﬂhg? vef‘r%ge:‘?anéﬂt@ S%S%ﬁd ca‘wﬂﬂg%gn oﬁr:lmf?he nat ur e
of the neibalt biinde abairtfla6 @m. Huartidx sinpd avd wirtidnsige distibuyipncahy e pr ef err ed
for sili (S:q% and other siliceous fillers. Surface nodification can be

acconpl i SelsamEicdrRp kOawWE Sefnask Nty dinexioh GXHNRlR DHENSBASIH LCE8hposi ti on or

after m xhfghscddy MNP RableqlahEthriifled B GADRIsOinPbt ANER} OF hERKAIst he
silanes with theé particle or nanoparticle surface 20 before incorporation

i nt o t he suoatsinkel codposidciedrronT hmana dmtoxade, sutrrhargeoxddisflicerzicaniadepend on

factors sych as particle si.ze artic e, nodi f.ier ecul ar i ght,
and o {1He AbESbiRS B &0 0B Mty GRS il ot he
surface qfanbhgtiflad Ednteubsigiadlly tragy s&idengdocedure or reaction conditions
requi red al so depend on the surface nodifier used. For silancs, surface

treatXfent may take place at el evated 25tenperatures under acidic or basic

condi ti ONR GG ieﬂl%oainﬂje%g, gl(ﬁcé) IlanJOpQIQfé[es B Bé)veaab&a%iclgéizg %Hg?ng from about 5 to

about 75 nm. In some embodiments, silica nanoparticles can have a particle size ranging
from about 10 to about 30 nm. Silica nanoparticles can be present in the coatable
composition in an amount from about 10 to about 100 phr. In some embodiments, silica

25  nanoparticles can be present in the coatable composition in an amount from about 25 to
about 80 phr, and in other embodiments, silica nanoparticles can be present in the coatable
composition in an amount from about 30 to about 70 phr. Silica nanoparticles suitable for
use in the coatable compositions of the present invention are commercially available from
Nalco Chemical Co. (Naperville, I11.) under the product designation NALCO

30 COLLOIDAL SILICAS. Suitable silica products include NALCO products 1040, 1042,
1050, 1060, 2327 and 2329. Suitable fumed silica products include for example, products
sold under the tradename AEROSIL series OX-50, -130, -150, and -200 available from
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Surface treatnment agents suitable for particles to be included in the

coat abl e conposition include conpounds such as, for exanple, isooctyl

trimet hoxyo2009%mMe901N- (3- 30 triethoxysilyl propyl) nethoPgetuseoopmsdsexyet hyl

carbamate (PEG3TES), Silquest Al 230, N-(3-triethoxysilyl propyl)

met hoxyet hoxyet hoxyet hyl carbamate (PEQRTES), 3-

(met hacryl oyl oxy) propyl tri met hoxysi |l ane, 3-acryl oxypropyltrimnmethoxysil ane,
- V0 200868 @V@S@GW@@%ﬁﬁ%W'ﬁB@R§E(¥W&%§§Br ﬁﬁEﬁSFe@hQ&ysi | ane,

3- (et ha Qyl i oXYSi , g :

3- (acryl géﬁ(%% g?%%%% ?&r?gltgﬁfﬁ: fﬁ}nﬁl ma'tlt aﬁ%@&sﬁ?] @ﬁg@@?ﬁ) Surface-treating the nanosized

(et hacr yaeydlexoah propyd distaklt kiydpetsiomxiy shd @aewblc3eonipeisttiaa(y.koyipokyeric

propyl di net. et hoxysi | anc, vinyl di met hyl et hoxysil anc, .

pheny! tr irﬁ%ﬁéﬁfgﬁaﬁén@e SHEfaesoEeAHne Rt DL G /i I}aaﬂ%%maewcwt_tthﬁ RELAGRysi | ane,

oct adgcyl ) MQP&%@&&@% thPEARYd &hﬂﬂ%&ﬁ%ﬁﬁa k&0Rs inEAwkahdidIRE hoxysi | ane,

vi nyl net hyl di acet oxysi | ane, vinyl net hyl di et hoxysi | ane,

vi nyl t ri doetageysius aomposriiory | Kurthetrhaney thic namenartwdlesydan e insahfi epawey st leaste,

i nyl trimethoxysi | i nyl trd i | inyl tri-thut i | anc,
NIRRT v i S R R A S s e R e e
10net hoxy@hbgxstisé banrget Wity ihelcaidble tbinbBliROX NSl 2 ing

ner capt opr opyl t ri met hoxysi | ane, 3- glyci doxypropyltrinethoxysilane, acrylic
acid, nethacrylic acid, oleic acid, stearic acid, dodecanoic acid,

242- (;2- math ef, hox hoxyl acet | cid ( acarboxyct hyl acryl at e,
o (2 e PR b R L B b R st et PR AR g T YR €T L e o

two or nmauefadd trédiBehtQzetdian g firdtTnSithidt ack anmuhi tb itleaparedic efirfidd€cpatdntig) es in a
col | oi dal, di spersion can be acconplished in a nunber of ways. The. process

i nvol ves ioHgalhi ot thiougbstrapg physiogemmtien)dingsesceonshendithe igppstacanpasidility Phg
agents a i - ] I = -2-
propanol?H%Pﬁgh%ﬁ?ﬁyéé6?%%%%8@%b§§ﬁ@}%ﬁ%gg j%%ﬁ?ﬁﬁﬁﬁggpﬁg?ﬁé?ggé am-de and
1- met hy 1-&rin2 0 Epymples bflsurfane treGmeatdgeetstindade deolad) @chiries, @nlbrarytie atiie

solubility of the syrface.nodifying agents as || as.the surface nodified
par tilcl esUIigpig R U REBIHRTSt IO Hapin RICSEPe ShiEFAB0rH 48eM gt fyi ng
agent s i ycpLRGAteRhhYe HERE hR%I_LidQAMQ 1R cfAkyal SenderPaAtye, W th or
wi thout mxing. In one nethod, the m xture can be reacted at about 85C for

about 24 hoferrsd foredidatand gthicnsilibepus il lesc Sunfadé mioddicgiadn canrbeciveomplithod, wher e

t al id 25surface-nodi fied, th f. treat ment of t t al
oxi de.oart R aRvE EREC e BERt e ape 4t Gp Bk Rete LB I Pho Mt P o -

surface. phoRrsd i @6 ad¥Aisllanedtd RAcOhe bitdch R hdBiratlc OX halpRFtRIiefafky t akes
pl ace at roomtenperature. In sone enbodinents, the finished article wll

i ncl ¥fe pwifare dcesposgtianablogthe eeatzblp gempesificey Bousrougtiehsugkace medifiex a#pl e,

abr asi ve ' [ 1, enpodi : ¢l e used, the
aver age pagcﬁgxlldc(ﬁgfagfi%gszs%hgs ? %@Qlﬁasr i ]gdfr{emg |tt e Eﬁ@ﬁ% E‘ﬁotl%fél}la?&{ e?éhqbaglddet erm ned
accor di ngnédifithgpé. Ningraedl, appbictaicr oNmoaiFick awtachyd tb iasarfakd bfd i n the
art. Mreover, the

particle. The attachment procedure or reaction conditions required also depend on the

surface modifier used. For silanes, surface treatment may take place at elevated

25  temperatures under acidic or basic conditions during a period of 1 hour up to about 24

hours.

Surface treatment agents suitable for particles to be included in the coatable composition
include compounds such as, for example, isooctyl trimethoxy-silane, N-(3-

30 triethoxysilylpropyl) methoxyethoxyethoxyethyl carbamate (PEG3TES), Silquest A1230,
N-(3-triethoxysilylpropyl) methoxyethoxyethoxyethyl carbamate (PEG2TES), 3-
(methacryloyloxy)propyltrimethoxysilane, 3-acryloxypropyltrimethoxysilane, 3-
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WO 2009/ 014901PCT/ US2008/ 069577 particles used in the manufacture of such
articles may include, without limtation, particles conprising the

f or egoi ngvoaberilados as well as particles intended for aPaTasRevsmeysarti cul ar
abrasive application such as those conprising dianond, alum na, corundum
enery and conbi nations of two or nore of the foregoing. 5 In sone

enbodi nents, the average particle sizes particle dianmeter) nay be
within tf(@leﬂ&iﬁﬁ’@&ﬂ??@ﬁpr@lﬁﬁ etbo%ﬂ@ﬁe@,’é({me{ %’WXYGO mcrons. In addition to

the fore I e particle
Si zes ar gqu#go cgindtuglmlo%(&lgﬁel gﬁﬁ%’é&{@%p?)n%%ﬂgﬁ{e%@éxg}ﬁ%agat IoI ealst a
portion qmetﬁmewﬁ@}rlegopmgykdanéthpﬂe&mxmbmaés swthmﬁojﬂenpﬂl fied in the manner
descri bed ab t her enbodkgﬁ%lyle al | particles. are surface

modi i ed.PToRY élmqthy ?fﬁ%‘/ Uanen Sy #WSI n}ﬁléfﬂliﬂF Pesilape Ny yr f ace
modi fised. o EARinsAb @@9&1{&0&0&%%1&&%%9@9%@gcﬂaaguﬁtﬁﬁ{eu{dxpglaaeocess isafilm

having a nette fini'sh t her eo I'm may be”used 1 n"any of a variety of
appl i cat ippoyltrinnctbavysilarbockyttentcghoxyStane, Vflnjzlmetmmhctatmg/mﬂmm t he foregoing

al t | ect
O ooty sardERthylle Byt SRR AR, VBB RenoTn  cen: gane. consol e,
or the ||M@yltﬂﬂbp%ﬂlﬁ&s&iﬁ@Oﬂhﬂﬁﬂh&hoiﬂﬁaﬂ@ibﬁ@/ﬁﬁpﬂén‘éﬁyiﬂah@\H@dtrpﬁ used as a

filmor tape to cover cosnetic flaws on a surface such as an autonobile
finish orbuﬁmfé/81|1m@eVlnyhrlft-mebmtauselﬂn@:s élnyétﬁlmtv@gnWSHWevmﬁhw(Be applied to

t he rf%] oy 5>Iyae eox?isﬂ F%ﬁét&lyﬁﬁ%gﬁggys%l n% % értlergaﬁ)t% Splr %%et]%gx \é\ﬁalm%h 31 he

coat abl e materi a hear Pesul ting

fromthe g‘lpm&g@zlpﬂg)y[fﬁmﬁﬁﬁwﬂalnﬁ gacpﬂm%ﬁis nisehacheicridie ofe@r acits 8tehiic dggor at i ve
applications where the matte finish is provided, on redeterm ned di screte

poEI ti onisl‘@ﬁe‘%%@wca@&i adﬁé2mtwyarhoxy}?t®mmc@m (MEESA)obR2-or 25npre face
gt one SHbRT RLVAELNAE ACDRLHGE AR A fig ’Eéff’htg‘??g\é?%?e%%f B ocess

may be usmnttu:resqsfrtwlaﬂenqarebﬁ&xefotfegbmgrs or films for use on conputer

scree wi ndows, optical panel s/surfaces/subtrates and the |ike. 30l n sone
enbodi rrents the foregoing process is used to manufacture an article as

previ ousl Sﬁrﬁ%é flokdIRGtiobEMS 'pQrtch% it Qabiapba d%%%ﬁd@éan%@%édrﬁﬁ?sh@@ﬁ?a than one
phase. In aspects of this enbodinent, the coatable material is applied to

t he substnuatber bHwpysovitgepracess involves the mixture of an inorganic dispersion with surface
modifying agents and, optionally, a co-solvent such as, for example, 1-methoxy-2-
propanol, ethanol, isopropanol, ethylene glycol, N,N-dimethylacetamide and 1-methyl-2-

20  pyrrolidinone. Co-solvent can be added to enhance the solubility of the surface modifying
agents as well as the surface modified particles. The mixture comprising the inorganic sol
and surface modifying agents is subsequently reacted at room or an elevated temperature,
with or without mixing. In one method, the mixture can be reacted at about 85°C for about
24 hours, resulting in the surface-modified sol. In one method, where metal oxides are

25  surface-modified, the surface treatment of the metal oxide can involve the adsorption of
acidic molecules to the particle surface. The surface modification of the heavy metal

oxide preferably takes place at room temperature.

In some embodiments, the finished article will include particles suitable for a particular
30  use such as, for example, abrasive applications. In such embodiments, the type of particle
used, the average particle size and the particle size distribution will be determined

according to the intended application, as known by those skilled in the art. Moreover, the
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WO 2009/ 014901PCT/ US2008/ 069577 coated substrate having a phase-separated
coatable material thereon. The coatable material may be fornul ated and

appl i ed tworh@/aydestrate so that it forms two or nore pRETAS2@B069577
application to the substrate. In another aspect, the coatable material may
be fornmul ated and all owed to phase separate prior to its application to the
substrate. In either 5aspect, the resulting coatable material may then be
har dened Pa&sd?fr‘é?ii B yaaeiehirpatsuch agialesimyy malude.prighont Seyation, darticigsm

| aver On BlfRiie BURE AL halAe1 SN RIRT BN AT SR LS | aver
is then further proce rovide a matte sur accor gtoth
present idbvaiieiapplicatiohsueh ésuhbstee;rongmsmgl dimndnd, hM1m, (comﬂumf erhbl@ andvent i on
is included as part_of a Iar ofr nore conpl ex process capabl e of

provi di ng°°81l¥1?361P8%0 (@OPT MQrg| ?r%t) AEPHE  t he af or enenti oned opti cal
propeisties as well as other properties. For exanple, articles having harder
pol ynmeric coatings may be desired. Depending on the materials used, harder
coat i ngs Inmmyme egibodiencatsythei avarage hartiklveszss (g opderletdanadien inmydesiitten the
mechani cal 15properties. such s ab |on re |s nce, Whi l.e obt ai ning the
desired qprscaarm gpopds Bitch Rl GEmRforcin R RPE e Sutohf R Rooat f ng

or layer @fesGRabAEITRNE 1drgéravbiRgd phiRi0R&MR BRCASScondegAhdi Nth t 0 the
present invention, a first coating of a first coatable material could be

applied tanhodemenipef thainyentomn st kepst atmétme@fdb@fqrhgmkgwmcle&ﬁ@yévesuﬁ@@quent
appI| ati ond_ ¢ nat er i pl face of
opo 5oL ARy Ty SRR AR SBE: o Bl TR R DR Bkl

sol i di fi egdrfag Bodifiedr ﬁdétﬂl%thﬁmﬁboﬁubm@,tﬂoﬁgofﬂletp@rttcma&mﬂfac@motih&d
face-side rollers. The second coatable material can then be applied to the
surface of the first coatable material and treated with face-side rollers
as descri fi al ce of
the finis 'ﬁ%%nﬁﬁr (l?(%:uIr(lt &thg?&@%&H%H&lﬁ%&ghﬁgﬁmg%sﬁ i ﬁ{gﬁlﬁ%vfeﬁ tltgﬁttes%%%?ocess is
provi ded thacomniiicatinmay de kel @sng ef g variéty loffrspplivhgsmei rin aornoatmbbdienents,
corrp S applied tqQ both sides of. the substrate ej ther sequentially
Eﬁé@§?§31%$% JOEEPINGIPTRFaT IS diebinQPHCRl PP iFA50BE &S @ COVCRFAT| ¢l e
nade as C!i%se@édn%ﬁfé BOUE Ry EIRE S @d?ﬁ&té&ngﬁlﬂ#rtgle%motn%re%ﬁaéa%é &nbsitrate 30
may be re-directed fromthe fourth station 40 into first station 24 where a
second | aydhe lffe. dowtdaebIembndtmetsathea’@amlﬂildslbﬁlmpplylbedlStcbaStEhﬁlnmplptape tee or

reviously uncoat ed.si de of the s strat Ther eaf t he ond | ayer
bt ®ront asPAtHEREERG TS B § S Db es b Fornohile AN b e B FEGT Susry
descri bed;swi dohdhsPeRYertRa 71533\1'1%@1 @Mhe PnajbsusRbEo BRE @&Bsﬁﬁﬁtoi)poilféethé econd
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20  surface to which the coatable material is applied.

In other embodiments, the articles resulting from the foregoing manufacturing process
may be made for use in decorative applications where the matte finish is provided on
predetermined discrete portions of the coatable material. In such embodiments, one or

25  more face side roller can include a patterned surface so as to provide discrete regions of
matte finish. In still other embodiments, the foregoing process may be used to provide
privacy filters or films for use on computer screens, windows, optical

panels/surfaces/subtrates and the like.
30  In some embodiments, the foregoing process is used to manufacture an article as

previously described, wherein the coatable material comprises more than one phase. In

aspects of this embodiment, the coatable material is applied to the substrate to provide a
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| ayer of coatable material would al so be subjected to treatnent by
face-side rollers to inpart a matte finish thereon so that the resulting
article cwORPIYEE90a substrate having a | ayer of hardene@#Ctast@isloeosnat eri al
on each major surface thereof and wherein each |ayer of the hardened
coatable material includes a matte finish. In other enbodi ments, the
5second | ayer of coatable material is applied to the previously uncoated

maj or surdPaEd sebstraffehayigst phasesensrtethrardemaictipbhercanb e £9atple he second
layer to rﬁat%lfﬂfn?e&aoef folthSRicd%nk @Eéﬁecgtthé)s}ﬁbgt?ﬁg's€{hQ?itrf sﬁ%'or’%‘ﬁc}ré cles
provided 1 n the Tor S

egol ng proce conprise su rate having a layer of
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a sinmultaneous dual srde coating pro first and second coatabl e
mat er i al seaultengippl phask-sipatdtedafnleolageyont omppr kusicded tlof substsaitbsThaplese-o

rovi de a dual at ed trate with a first. | Scoatable materi.al on a first
oy or - SureRtBeaRTEH L iet Lo S db AT e HaTE AT A RE  second
mej or surgraest @ledtft®. substrate. Suitable coating nethods include vertical

coating, wherein the substrate is fed vertically through a coating station
for the sinultaneous application of the first coatable material and second

coat | e ;materi al 0 ;hot h si s of he. substr. The fi nd cond
Coot 28 ¢ MRERh colDgRR, i B eRlorinPHRRL 8 Ry gy b 8 o BAG PP 0n

Ther eaf t ahorclcbpiRqRoctss eapablc@if pedadiap beichBi( ek, filmywHakthghiie processed in a
simlar manner as previqusly described with respect to the system 20 by
har deni ngfemsEentioned opEetl PEORSTRRAE Al 25 T PIPCES o KA SEEADb R IGhesthey {ng)

o1 cot r omoray PeSPATie RS A8 RN PRI e PalEHRIRAP WL |\

el ectromagnet atiom, a“co or egol ng or

Ther eaf t eoatiigsemdyi regtirc o atigibiuen thidkarssah oadwdl t@obthinelcsieabmdclmambhhbbl e

25mat erial may be subjected to trea nt by face-side rollers to inpart a
mat t a1 § AreRFYrevib > LRI HECT BUT Pfﬁﬁgn%&@? éF%reg&Pﬁf?lé’é%P%“%Pé@t rate
having a i ayefinigf mQ%‘Eéiﬁﬂ%‘Atﬁiﬂﬁ&@&bﬁnM BYrRIf cBRtaBRGMh B Oln SHhfiage ther eof
and wherein one or both of the layers of the hardened coatable materi al

i ncl udes mBogwss.aecdrimigsdh theArescot ipsergooyi Ged coatinghd affostageiahly rsateudltcanidous
process Gonprj.s suhstrate havi a er,. of hardened coatahl e.mat eri al
on S0eac oy bre 5ips SERriRaf efiatn FnfededY bR 2000 Shaa el R g Rr oo
ga][ ?enedtapéé@étﬁbécﬁtm Bhtedhl ARYbOSHIRE tSMIBuFNENTIHS fiRNcAHtabIdBMtcFBY TIR
ifferent,
20  first coatable material may be solidified (e.g., cured) without subjecting it to treatment by
the face-side rollers. The second coatable material can then be applied to the surface of

the first coatable material and treated with face-side rollers as described herein to obtain

the desired matte finish on the surface of the finished article.

25  In other embodiments of the invention, a process is provided to manufacture articles (e.g.,
films) wherein a coatable composition is applied to both sides of the substrate, either
sequentially or simultancously. In a sequential dual side coating process, an article made
as described above with reference to Figure 1, the coated substrate 30 may be re-directed
from the fourth station 40 into first station 24 where a second layer of coatable material

30  would be applied to the opposite or previously uncoated side of the substrate 22.
Thereafter, the second layer of coatable material would be processed in the same manner

as previously described with respect to the system 20. In some embodiments, the second
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WO 2009/ 014901PCT/ US2008/ 069577 Exanpl es Enbodi nents of the invention are
further described in the following non-limting Exanples. 5 Exanple 1 and
Conpar at iwe 280901¢%0st em sim lar to that shown in Figure PCRAS2@8/0695gEd on a
H RANO MULTI COATER m Model M 200 coating machine, comrercially avail able
from H rano Tecseed 10Conpany, Ltd. of Nara, JP. The line speed was 10 feet
per mnute (3.05 neters/mnute), and a coating die of the type discussed in

co- assi griexFrof goatyiye éwferx%wosld@é@ Bogbigssdie seatmsndepBss-sidgrallarnin (10. 16
d 9 h
o), w0 UG Al BOR SRES STtk Bl LU ALASRSER: nATLO2 S, 1 ot

pre- pri ndayqp @Ifyatdbtyddeamtabmnﬁahmhainastaeh ﬁﬁjﬁ?)suﬂfaderthﬁbbféanrdemdmﬁ rudulRoet

Teijen Filnms 15 ., under the e, desi NEX 6 8. The coatable
material s %ﬁ%}& BRI R | fgﬁﬂﬁ}naﬁ;&?nés%pﬂep lrnfam °di sper si on
wi th gol ids,£aBir S bOPabTB bk iafls a?éig’ed)bgft}’l\%lt%g{ouag%@@ité’& Hl%_totr Qdeidagr vl ate

("SR- 444" fromSartoner Conpany, ) by wei ght
r eact i on the sdhstrate @hd baldendddwithait silg ectiniNad moﬁ_dslziifér toracwr filsd Gosi@ogpany of

Naper vi | | L ri met hoxysi |yl pr I hacrylate ("Al74" from 20
Noent i vatsimeits bRdfeessidsiclTFtsn RS HeP Rin wToRES I et e itie: [ ves aor e
8% by WelsﬂBitrd@eHm(ﬂlh Ialstw e%HaYde@@Ei d&at4 b1 NMAINal b @é&%ﬁ&ﬁaﬂa@é ﬂféh:o@ormany of
St. Louis, Yo by wei ght 1- hydroxy-cycl ohex?ll - phenyl ket one ("Irgacure

184 fr om\@d@s@m Spéfccml laxﬁr@ﬁmlwmeye@ﬁommtmam): doss mattouéingght Irbt
ent.anet er | ca " Tl nuvi 2" m Ci ba
(SBemlgl t yfh }Iﬁ’gcazdogin? r%ep 13 coﬁ%en%% (?Tﬁ]gg CH? e? P]elha(g Ie\é ZCIO%teﬁE &atter i

| ndust ri afay bdthe s@he Mﬁpodﬁadﬂ@ftﬁ@}nmaMé dﬁ‘fﬁﬂetﬂoo ppm 2, 6-di -
tert-butyl-p-cresol (Merisol USA, LLC of Houston, TX). The conposition was
prepared at 30 wt. %solids froma dispersion of approximately 50 wt. %

solids in,g ﬁ&&%@@ﬁ@%%hé“é&gggﬁuﬁ&g L08R coRY %Bat&l@g n{a'?&a?soaaré l?ed

material to t e Ccoa was conveyed I nto a convectlon
oven opersahelthnadbuslp® Udth el'deﬁ)f anuibltrate ftaaprospieaoﬂmbd:oaml SBBgrapy ivith adirktor ced
ai r V%| chogéblefme%fgrla{ltoélsaefc rst r?la g? suryfasée 0% cile su tl\r/a?e a\llno a? éelclogd go%lta ?nrtnatae?lgl raise
t he J
on the second major surface of the substrate. Suitable coating methods include vertical
coating, wherein the substrate is fed vertically through a coating station for the
simultaneous application of the first coatable material and second coatable material to both
sides of the substrate. The first and second coatable materials can be the same materials or
20  they can be different. Thereafter, the second layer of coatable material would be
processed in a similar manner as previously described with respect to the system 20 by
hardening the first coatable material and the second coatable material simultancously with
a heat source, e-beam source, a source of the electromagnetic radiation, a combination of
the foregoing or the like. Thereafter, the first coatable material and/or the second coatable
25  material may be subjected to treatment by face-side rollers to impart a matte finish thereon
so that the resulting article comprises a substrate having a layer of hardened coatable
material on each major surface thereof and wherein one or both of the layers of the
hardened coatable material includes a matte finish. Articles provided in the foregoing
simultaneous process comprise a substrate having a layer of hardened coatable material on

30  each major surface thereof. It is contemplated that each layer of hardened coatable

material may be the same composition or they may be different.
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viscosity of the coatable material to provide a coated substrate with a

hi gher viscosity coatable material thereon. The raised viscosity coatable
mat eri al we0@newted to a station WO 2009/ 014901PCT/ UBROABL@B8P69577 wher e
it was treated with face-side rollers arranged in several different
configurations as described in Table 1. Upon exiting the station, the

hi gher viscosity coatable material had acquired a matte finish, and the
coated substrate was directed into JdB®OHHES station equipped with a W
source (H bulb), comrercially avail able from Fusion W/ Systens, Inc.,

5Gai t her sburg, Maryland. The hi gher viscosity coatable material was exposed
to U endimghyodiments bétHehirvqnoiby aer fuethel desa@vbiedén éhecfoldwthglmyidimitiagi ng a

t hickness of 2, 4, 6 and 12 microns on top of the substrate. A conparative
exanpl e ?%ﬁﬁ’?sative A) was prepared in the sanme manner as described 10
above sbut wi thout subjecting the PETA coatable material to surface
treatnent with a face-side roller, thus resulting in glossy filnms having
dri ed t hiEtamesledsandf C@mparagivd &6 i crons on top of the substrate. 15 Table 1
Configuration No. & Roller Type Dianeter Specification A1 Nitrile- covered
2.711in. (6.89 cm Ntrile Cover, 65 Shore A Duroneter

A system similar to that shown in Figure 1 was arranged on a HIRANO MULTI
COATER™ Model M-200 coating machine, commercially available from Hirano Tecseed

10  Company, Ltd. of Nara, JP. The line speed was 10 feet per minute (3.05 meters/minute),
and a coating die of the type discussed in co-assigned U.S. Patent No. 5,639,305 was used
to deposit a 4 inch (10.16 cm) wide layer of a coatable material at various thicknesses,
onto a 9 inch (22.86 cm) wide, 5 mil (0.127 mm) thick substrate of commercially available
pre-primed polyethylene terephthalate (PET) film obtained from DuPont Teijen Films

15  U.S. under the trade designation MELINEX 618. The coatable material (referred to herein
as “PETA”) was a photopolymerizable dispersion with solids consisting mainly of 51% by
weight pentaerythritoltriacrylate (“SR-444" from Sartomer Company, Inc. of Exton, PA)
and 37% by weight reaction product of colloidal silica (“Nalco 2327 from Nalco
Company of Naperville, IL) and 3-trimethoxysilylpropyl methacrylate (“A174” from

20  Momentive Performance Materials of Wilton, CT). Other solid additives were 8% by
weight n,n-dimethylacrylamide (“NNDMA” from Sigma-Aldrich Company of St. Louis,
MO), 2.4% by weight 1-hydroxy-cyclohexyl-phenylketone (“Irgacure 184 from Ciba
Specialty Chemicals of Newport, DE), 2% by weight bis (pentamethyl-1,2,2,6,6
piperidinyl-4) decanoate (“Tinuvin 292” from Ciba Specialty Chemicals of Newport, DE),

25 50 ppm phenothiazine (Cytec Industries, Inc. of West Patterson, NJ) and 400 ppm 2,6-di-
tert-butyl-p-cresol (Merisol USA, LLC of Houston, TX). The composition was prepared
at 30 wt. % solids from a dispersion of approximately 50 wt. % solids in a 2-propanol
diluent. A conventional pump fed the coatable material to the die. The coated substrate
was conveyed into a convection oven operated at 158 °F (70°C) with a fan speed set to

30 provide a forced air velocity of 18 ft/sec (5.49 m/s) to remove volatile solvent and raise the
viscosity of the coatable material to provide a coated substrate with a higher viscosity

coatable material thereon. The raised viscosity coatable material was directed to a station

29



B1 Steel 2.86 in. (7.26 cnm) None C 3 Nitrile- covered 2.05 in. (5.21 cm,
2.6 in. (6.6 cm, 2.73 in. (6.93 cn) Nitrile-covered rollers in series D6
Nitrile- voverad4®1865 in. (7.28 cm, 2.76 in. (7.01 cnpPCTAISZ®S/069577 (6. 89
cm, 2.05in. (5.21 cm, 2.6 in. (6.6 cm, 2.73 in. (6.89 cm
Nitrile-covered rollers in series, 90 degree wrap onr roller E6 Ntrile-
covered 2.865 in. (7.28 cr% 276in. (7.01. cm, 711|nr€_(6 89 cm, 2.05
in. (5. 20hay it vgasa‘reawd with fgcepiyle rallepgaranged g1 gycighylifigrant ronflmEionsas r ol | er s

in seri e hfQ44e9h68e lWIﬂJ%n%Qlt{ngrtRé Ltgtrlon, 2 higher viscosity coatable material had

acquired a matte finish, and the coated substrate was directed into another station equipped
with a UV source (H bulb), commercially available from Fusion UV Systems, Inc.,

5 GQGaithersburg, Maryland. The higher viscosity coatable material was exposed to UV
energy to cure the polymer and provide a coated layer having a thickness of 2, 4, 6 and 12

microns on top of the substrate.

A comparative example (Comparative A) was prepared in the same manner as described
10 above but without subjecting the PETA coatable material to surface treatment with a face-
side roller, thus resulting in glossy films having dried thicknesses of 2, 4 and 6 microns on

top of the substrate.

15
Table 1
Configuration No. & Diameter Specification
Roller
Type
A 1 Nitrile- 2.711 in. (6.89 cm) Nitrile Cover, 65 Shore A Durometer
covered
B 1 Steel 2.86 in. (7.26 cm) None
C 3 Nitrile- 2.05 in. (5.21 cm), Nitrile-covered rollers in series
covered 2.6 1in. (6.6 cm), 2.73
in. (6.93 cm)
D 6 Nitrile- 2.865 in. (7.28 cm), Nitrile-covered rollers in series, 90
Covered 2.76 in. (7.01 cm), degree wrap on 1" roller
2.711 in. (6.89 cm),
2.05 in. (5.21 cm),
2.6 in. (6.6 cm), 2.73
in. (6.89 cm)
E 6 Nitrile- 2.865 in. (7.28 cm), Nitrile-covered rollers in series, 180
covered 2.76 in. (7.01 cm), degree wrap on 1¥ roller
2.711 in. (6.89 cm),
2.05 in. (5.21 cm),
2.6 1in. (6.6 cm), 2.73
in. (6.89 cm)
20
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Three face-side rollers in series produced features in the coating that
were simlar in size and shape to those produced by a single face-side
roll er. AsOi2ng/E4®econd group of three face-side roll er #CTfuseoog/ 06w al of
si x, produced an additional pattern on top of the pattern generated by the
first three face-side rollers. The additional roller contacts appeared to
5 provide a variation in the average coating thickness across the coated
wi dt h. Thewes Beesige oy inaterighpioduecd feathigs fththe leagisng thatswers sEniby dhoighced i n
coating thi : e d { tes or
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f ace- si defacmsitic tadles, faaaoti dfsix,qlirbduced @Gn @diticadl pptta@penttoest the patan gl ossy

and matte finish fjl re.nmeasured and coppare ainst the gl gssy finish
of the c&’?ﬁ%ﬁa%?fi%éhi e, %ﬁe& fage-pide _édgﬁr%l At détfonﬁf@ilgﬁ%‘”)cﬁs RPefig) L Gard
Plus” si NSEEUABRY . GAITTER ChdVeYaoR At RthRKhER %ﬁ?ﬁh@?b&@@%ic‘%ﬁ PRL BRi-a,

Maryl and 'was used to neasure clarity, haze, and a cro-Q3 oss” i1 nstrunent,
al so fr orw®Yr@apa necoating shidsess was megguoeouBOcdimgoengthodsesstheSeum

measur enent.s. wer | of t.e 5and ar r aphi cal | icted in Figures 5, 6
T 7 F b Sl R PRedh B POpETrndeef eyl ufad e

gl ossy caahimie@by kRACKHRFRBNAL fate-sRiRGoll B3 eRalsidegslg.hat had been treat ed
with the various configurations of face-side rollers. The clarity of the

gl ossy fil mof Conparative A was nearly 100% for coated | ayers having a

thi Ckl'aessoolfq{caﬁ%roéel%gg ofsthgi orsg) n ncPr'ﬁatEeO ﬁnigl]; ﬁ}rHSe gruebrﬁ&%]ars%tea 'an% gorIlhe?recrim tte
surf aces 1 all ous a | (9[ es were exam ne‘g W an optl Ca M Cr oscope.

Fi gures &gaingt tc glossyigikio6 MR ompm@ase Olittldupefideaiicabll@ trathetf.iAi sh on one
of the filnms nmade using face - side roller in Configuration A &Table ).
The coat ablagewrdPlusl msrapreerineatly praliblesion Bifotiardngiot k-shgrbh t op of

t he subst,\r( . Ej i i fiiGati ) 0; i is the
sane surf*aiglté%éltd \Jé?g’qn%g%ﬁ)fﬂh%gﬁeon rgt?m%%ggn dwg%0§}06%4§8W£%%g%069577
Exanpl e BYKdGGdngawat ised tBmdasys b@degieerigloas. Tliest hebhsistroents mardplgitiede 1, was
arranged on a Hi LTI JTERT dej 200 coating.machi ne,

cprmggci 4N W‘a%raﬁff'\ﬁlye PISHA W EHES Tosel '\%gﬂrﬁ OWBfgie cligfiferepge The
line spegd cwasy 8QQcLeak Ry H&df'ﬁﬁ%%f(&%oglﬂé%ﬁzé%n@ﬁfe TR B haB B COALI Ng

die of the type discussed in co-assigned U S Patent No. 5,639,305 was used
t o depositteateddwitinthk vediGusi®n&gyratipkeof] fageesidofollarsc ddicakdrsy nhitherglasky &tmvar i ous

t hi ck tg.a 9 inch . i i | . 127 hi
Commer o BGPTSR ¥epperlye 0l Ebyed s haTe Bk BT 4849 111 m
obt ai ned rhiceiis BaRembf thejs@stdated 5 U. S. under the trade designation MELI NEX
618. 2‘5he coatable material (referred to

The matte surfaces of the various articles were examined with an optical microscope.
Figures 8 and 9 are microscopy images of a portion of a matte finish on one of the films
made using face — side roller in Configuration A (Table 1). The coatable material

provided film thickness of about 2 microns on top of the substrate. Figure §is at a

25  magnification of 50X and Figure 9 is the same surface at a magnification of 125X.
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10herein as "60:40 di-PETA") was a photopol yneri zabl e di spersion with
solids consisting mainly of 58% by wei ght di-pentaerythritol pentaacryl ate
(" SR- 399 woamBautwoener Conpany, Inc. of Exton, PA) and 20%USg00805%55M1
reacti on product of colloidal silica ("Nalco 2327" from Nal co Conpany of
Naperville, IL) and a 60:40 nolar blend of 3- trinethoxysilylpropyl

nmet hacryl ate ("Al174" from Monentive Perfornmance Materials of 15WIlton, CT)
and |soocE’§ﬂmE1P|2r?éldr@9<l}1P§T4tl¥ﬁé3(" BS 1316" from Wacker Chenical Corp. of
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conventional punp f e coatable nmateri al die. The coated
subst r at evasased trdeppstia #nvah @0d 6rveotido yovein crmiabicanatedalat vas@usk ( 700)

o 11s2c) TRSE el ot PRSP SPLASBNTLAY Sodfe 67T,
coat abl e Raiflflé pe- ér éiﬁyl@n&fé@etpﬂdla&!@@iﬂﬁtfﬁm%valm Roh IBIPRAt YEiRGHOSI Ty

mat eri al thereon. er vi scoSity coatable material was directed to a

station vﬁ1§nSeU|St upges tlner’é@ieed@sm@tmnal\/l MEXi 8. rldicicentabls materiat Grafasigd to
S ubStl Oat ql rel Vg(y gldP]%TPAQ)U\Q t(g)p rnfrléle dz%gﬂe(%pe% %ﬁ' scglliq S. coﬁé:lgtl % de
e an ac &ile

roll er |ngro Fere i

r ubber elraahgzr&ﬂsz%e@bf}ewslgﬁf d13153ﬁ|tafei~3ahﬁm1peﬁfa@c@iaée Q‘SR@M feém\Sartemut i | i zed
Matte finish coatings were th anitrile covered face-side roller

with a SHeeRaryglicondixden. &A)@@d4H&@thhr Ieéct&_wlgp@&t Bhedoidpl pdicker with a
Sh A : | d
w0 2o06) d11850 Re el oSG adhiy EenRE T Pindl HIUOHRINIRR 3OO 20
brought i tntrmtlm&yﬁlg&l:propyltﬂmethzheylama(t‘AdWéﬁ Ufiosrh M(brﬁethyVed)@rfaahma:teMatemalaof

fi to that h | i | th
fﬁtn e'r} ity Hfont F?@T%cg{ﬁoa%& tﬁgteﬂ}s%g Eéqﬁé fA?O@SS’@%@é ﬁ%%% {33@3 e,r th:

coat abl e Q@A MJIB Oaf: %Mcfdﬁﬁze@vd%?éi% bfy'\i&lélélﬂ lﬁlﬁloiﬁé’y&&é& F' substrate was
directed into another station equipped with source, comrercially

avai | abl eohkengketbus (‘drgative $§4 fronsCibh r$@¢91al¢§aCh¢rarcsbmf @{e\wartyDEM 1 ppe
har dened coat abl e exp d to U e buI b ure the
ol yror AT PR aLCstot st A ro NG P kAt T B 3 e E g one. on
top of theceisMeait&-USA, LLC of Houston, TX). Before coating, this mixture was diluted to

20  50% by weight in a 90:10 weight ratio blend of 2-propanol and toluene. A conventional

pump fed the coatable material to the die.

The coated substrate was conveyed into a convection oven maintained at 158 °F (70°C)
with a fan speed set to provide a forced air velocity of 18 ft/sec (5.49 m/sec) to remove

25  wolatile solvent and raise the viscosity of the coatable material to provide a coated
substrate having a higher viscosity material thereon. The higher viscosity coatable
material was directed to a station where it was treated with a face-side roller as the coated
substrate was conveyed through a nip arrangement between the face-side roller and a
backing roller. Face-side and backing rollers with nitrile rubber elastomer covers of

30  different Shore-A durometer were utilized. Matte finish coatings were made with a nitrile
covered face-side roller with a Shore-A durometer of 90 and a nitrile covered backing

roller with a Shore-A durometer of 30. A rigid roller made of aluminum was also used as
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10 A conparative exanple (Conparative B) was prepared as in Exanple |

W t hout subjecting the PETA coatable material to surface treatnent with a

f ace- si dewopabosrgoopr ovi ding a fil mhaving a dried thi ckiR€SASRI08H6IS7Tr ons on
top of the substrate. |SThe optical properties of the glossy and nmatte
finish filnms were neasured. A "Haze-Gard Plus" instrunment commercially

avai |l abl e from BYK- Gardner of Col unbia, Maryland was used to neasure

clarity ameckimgaollgndhg fagpsideolpioyay bpght ﬁl&tﬁéﬁ@tactawbthﬁrc@ﬁtpéw@mrm was
d t d
used 1o rﬁ?laa%ﬁ{ %‘or%’al ga Og%?aFEJ 3 ﬂéﬁo%a&gﬂ ﬁfhan{l % Fh{b%gopﬁt?ﬁz)%ﬁh@” as a

function of near arity o he co

conpar at iinessityas thebal yed0d00backinguods 10, 11 and 12 are plots of film
clarity, haze and 60 degree gloss - each as a function of the pneumatic
cylinder pressure of the nip. Optical properties were adjusted for coatings

at a gonslaj ex@tY tﬁg‘ﬁlﬂ 'tﬂe@o%ﬁb[%'&ﬁ@c&%allﬁéd%deﬂl%fd'ar}ﬁa&ehﬁmkﬂ AR&thd @afqof the

nip rollers. anpl'e 3 A systemsimlar to that shown in Figure 1, was
arranged sohstaatet-ﬂvﬁwctki@omd_lﬁto DOATTERToVbgeppdih@ifi0a Eidatdunge, nerommicroeglly

coating avelaf Prisyfe P Sublbiite, CERRESaIEEN g BarBHe Rb 43 305

was used rhgefaRASIckpssed td WoNerdcd&: HPHLEIB) towu%thb%bgfm&fan@pﬁﬁ@dea@&cﬁtd&iat erial
at 30 various thicknesses, ontoa 9 inch wide, 5 ml (0 127 mm

thi ck subsyarapeing® thigkmass ef Apnd/4 sueronsion @pp:féhq}wbﬁté@ie pol yet hyl ene
terepht hal ate (PET) film obtained from DuPont Tejon Filnms U S. under the
trade ‘desi gnati on MELINEX 618. The coatable nmaterial was based on the PETA

materi al Asodpsativdednipl Eanpiraivk.ByAwaqnyeinéd analExpmpr fedhélte coatabl e
material to the die. Additional anpbunts of hexanedi ol diacrylate nononer
vere addedbiestingibe P5drnenabhpmaterial tO\Fanfhcetthf‘é‘th@HIW13¥a Bree-sldengliqe. g. |

| oweri na)o b {iRinkiSAARHEIO! aEORNRAALARIE IBEEL btkod BAthe CHideL the thi ckeni ng

station. e-coate rate was conveye a convection oven
operated at 158 F (70C) with a fan speed set to provide a forced air

vel 00|ty f 18 ft/sec.(5.49 i ncr t he viscosit f_the coatable
ot erfal Hhs OMIB%pa%peaﬂwétt%ed%a%@ﬁ&a&efwﬁh@n& Vg Reasjrd oBs F{"ﬁ abl e

mat eri al mﬂ@rlﬁgﬂmﬂ@@mﬁhﬁmﬂlyvav%ﬁm B kabhRINEBS Ar LAk h e s 5&%@@ to a
station 10where It was treated with face-side roller contacts.” A variety of

f ace- si deisathth easkiagantylahe hgzopandha rMierpi(@ossibiruneing stsorferm Bdker s  of
di fferent ore-A dur | zed. nade of aI uni num

wes 5 so GERR e IR PG rorp BrrorkatT R ot e e SnadSRalnd* i i o
contact Vuh&ionhsF lineatied. eTHRd fiity d t1Rf cobfea fﬁﬁh@bedlewh%hfaab@s Wad Marlg
pneunmati c actuator as the coated substrate was ni pped between the face-side
rol 1 &0 anl@0%. Figures 10, 11 and 12 are plots of film clarity, haze and 60 degree gloss — each as

a function of the pneumatic cylinder pressure of the nip. Optical properties were adjusted

for coatings at a constant average film thickness by adjusting the linear load of the nip

rollers.

25 Example 3
A system similar to that shown in Figure 1, was arranged on a HIRANO MULTI
COATER™ Model M-200 coating machine, commercially available from Hirano Tecseed
Company, Ltd. of Nara, JP. A coating die of the type discussed in co-assigned U.S. Patent
No. 5,639,305 was used to deposit a 4 inch (10.16 cm) wide layer of a coatable material at

30  various thicknesses, onto a 9 inch (22.86 cm) wide, 5 mil (0.127 mm) thick substrate of
commercially available pre-primed polyethylene terephthalate (PET) film obtained from
DuPont Teijen Films U.S. under the trade designation MELINEX 618. The coatable
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15backing roller. The air pressure in the actuator was used to control the
intensity of the |oad against the backing roll. Upon exiting the station,
it was obsorzv@disdeat the cl ear and gl ossy appearance of PChAISc@aeds e
material was changed to a matte finish. The coated filmwith a matte finish
was cured with a UV illum nation system comercially avail able from Fusion
W Systens, Inc., Gaithersbur Maryland utilizing a nmercury source (H

bul b). 20N¥tadtleasdasqdon the PESAcmacHakassles@iber iy Exeaplsll - ot eepgntens! ( HDDA)

monofmer t{ﬁlnt &b 8 tﬁéq&)a{a%[%ht%ﬁhlotg 0 di h%dﬁﬂi%h@tbaln? ﬁlﬁ_stcﬁ"ﬂe%nehﬁ)“ﬂﬁg 1! over

t he apparent viscosit e coatabl e materia ns were produced at
differ entmbndme:rsmed&ieﬁrt@ thelhdoenatle mdteiddatigdbihe goslteraitatisg @anpoiveting) the: 30

( PETA: HDDA PETA:. HDD, nd 100: 0 (PETA). The line 25 speed for the
filns res‘iﬁCpﬁ%of%ltSe%? ebleela(q@@#ﬁlhw&fi laent%lfge %S BFA: HDDA) was 100 feet
per misnute (30.5 neters per mnute). The line speed for the filnms resulting

fromthe 100: 0 (PETA) conposition was 10 feet per mnute (3.05 neters per
mi nut e) . Fic qusted esbAtiatongas qoomeddentocatoabtaionatven bpdratold eh s Wa(VDHY Wifeo HDDA

were | ower apparent vi.scasity .t han i ons, fo | .at ed .g., as in
ool o B RN St BiResdat PR BT AL A el AT B % o S0

added HD%C‘&@'E}Eoﬂ QWBhatSi1E hlatdrial M’obld@ﬁfé@ﬁt@ﬂ]kuﬁé&ﬁfé%&rﬁ% kﬂ@&@"x@s@bsﬂ&l scosity
measurenments were nmade for these conpositions as a functl on of tenperature,

and the deetablyrmeatedal thaearh The hlgl@rgﬁsapﬁtyd:oaﬁbmetell@ wasvvbected to a station
2009/ 414901 T V3000 QRGP L. SATRALILLNES, S8 BL SIUEL D \BpRTe manmer

as descrl [2) ay er vm

t hi cknessobérs %zlﬂmdtrﬂe FabBEOFISstOeit @peﬁfoftih&remtsslbfeaAeiur&hfueIk\mee s€isizédr the
coat ed Igzers in the inventjve sanples were 2 and 4 microns on top of 5the

subst r at e rigyst ioflgr madopfelumnmanyyas Heo wicdss ¢ bpekrng edlepalag fwwldaﬁ@?@cr

i nventiv |nstrunent
CONMer ci ;\V%&%{t IR%%glnt%értom B@éa?tgﬁg%&%g&oﬁhﬁbﬁ?égd ggd;s lféﬁl\fﬁjlas used to
measur e qinaumhtyc anchtbrasahe evatkdasubbrate o4as ﬂlfppal bas/ten tiﬁtfamd& rollat &l £ r om
BYK- rdqqe]]rc,. was user% to nmeasure 60 de Pl ot of the g ta are
shown i lgne allery The oy prespie iy e guARS e ﬁf‘f  coRielHBe PECISHY 08810 and
100: 0 bl QBé’cﬁa aﬁ%&@fﬂé'bﬁclﬁné %lpo@ﬁ&}péﬁtl %rs{aﬁbﬁ 1%@5@0&%%@&@9 tl?écl&é?%ém €
sol utions of polynerizablfe materials having a solids content from30 to 47

w. % eagimsy)fappdaeamoaf thiglceatablicemdtaliad waschardicddp 4 nadte ipishe ilghtcoged bliV
from Spe

hotoiniti
Bast | B PR FR T Gt EE LT PR OR B BEth it S BRI ¢ he
coat abl e Fa{gmat@ws%tsnﬂs NGk Y drghasyura ddes | Hardtl e iHoat Berc BrySourddAACRAM)L i Cl es) .

The 02%at able materials were

Increases in the concentration of hexanediol diacrylate (HDDA) monomer used in the
formulation of the coatable material tended to lower the apparent viscosity of the coatable
material. Films were produced at different line speeds from blends of coatable materials
comprising 70:30 (PETA:HDDA), 90:10 (PETA:HDDA) and 100:0 (PETA). The line

25  speed for the films resulting from 70:30 (PETA:HDDA) and 90:10 (PETA:HDDA) was
100 feet per minute (30.5 meters per minute). The line speed for the films resulting from
the 100:0 (PETA) composition was 10 feet per minute (3.05 meters per minute). Films
resulting from the coatable material blends having 10% HDDA were lower in apparent
viscosity than compositions formulated (e.g., as in Example 1) without added HDDA.

30  Compositions formulated with up to 30% added HDDA were lower still in their apparent
viscosity. Apparent viscosity measurements were made for these compositions as a

function of temperature, and the data are set forth in the graph of Figure 13.
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as follows: (A) A solution of 33 %aliphatic urethane acrylate oligoner,
obt ai ned commercially under the trade designation "Photoner 6010," from
Cogni s 25Morzoew/meeni ca of Cincinnati, Chio in a 2-butan®a@/useosens?7 (B) A
solution of 28.9 % aliphatic polyester based urethane diacrylate oligoner,
obtained commercially under the trade designation "CN964," from Sartoner
Conpany, Inc. of Exton, Pennsylvania in a 2-butanone diluent. (C A
solution of 41.4 % aliphatic urethane acrylate oligoner, obtained

30comrer ¢i i i "R " % by
wei ght 1, b- %%tﬁ%g?%efé @?gﬁe@ﬂﬁ%@%%ﬁ%?&%g&e g@%%ﬁ%%%&%ilé y %%der t he
trade desilgnaPEIA (BRIABGr Wity othiEacdsat@ran@dnpainns ohnep obthe kxtsomate.

Pennsyl vapi.a in a_2-putanone diluent. (D) A sqlution of 47,3 % aliphatic
pol yest eraﬂﬂgg@%ﬁe&if%tt %?fbat?fﬂé}i?rwna I%W%‘BESWP?%‘E’%{F S ETHAERSiOR PN OLinder
the tradghdegdignati on "CN964," and 10% by 5wei ght 1, 6-hexanedi ol diacrylatc
nononer, obtained commercially under the trade designation "SR-238," in a
2- but anone diluent. (E) PETA - formulated as in Exanple | . Apparent

TR L A R R S T A
Addi ti onaldr¥ mcafifed OAL L& QIR Plukalns@imEXaBRInrdiapavalabR feasyed. Al of

these neasurenments were obtained prior to increasi ng the viscosity of the
coat abl e Gartegriocdi s lunida prtrotasiovisased i measpe dlatytané hezeeand of Midie- resul ti ng

Su" 1 35S, GIbSOihlah IR A TR G SR T SRR el oGO0 ©

mat eri‘al s msrmTar to SNOWN 1 n

arr anged @gnhaddth RANG Wil FigGR TER cnfoVid e Imvhr & Qingafadrh g T0B®()1906.,0 and
comercially available fromH rano Tecseed Conpany, Ltd. of Nara, JP. A
coating di08Gblerdse type described in U.S. Patent No. 5,639,305 was used to
deposit a 4 inch (10.16 cn) w de |ayer of a coatable material at various

Example 4

15
Coatable materials were prepared as coatable solutions of polymerizable materials having
a solids content from 30 to 47 wt. %, each of the coatable materials including 1.5% by
weight of a UV photoinitiator obtained commercially from Ciba Specialty Chemicals of
Basil, Switzerland under the trade designation “Darocur 1173.” None of the coatable

20  materials included any added particulate (e.g., nanoparticles). The coatable materials were

as follows:

(A) A solution of 33 % aliphatic urcthane acrylate oligomer, obtained
commercially under the trade designation ‘“Photomer 6010,” from Cognis
25 North America of Cincinnati, Ohio in a 2-butanone diluent.
(B) A solution of 28.9 % aliphatic polyester based urethane diacrylate oligomer,
obtained commercially under the trade designation “CN964,” from Sartomer
Company, Inc. of Exton, Pennsylvania in a 2-butanone diluent.
(C) A solution of 41.4 % aliphatic urcthane acrylate oligomer, obtained
30 commercially under the trade designation ‘“Photomer 6010,” and 10% by

weight 1,6-hexanediol diacrylate monomer, obtained commercially under the
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20t hi cknesses, onto a 9 inch (22.86 cm) wide, 5 ml (0.127 mm thick
comercially avail able pre-prined pol yethyl ene terephthalate (PET) film
obt ai ned woanduPemt Teijen Filnms U S. under the trade ®€3iugr@siocss7VELILNEX
618. A conventional punp fed the coatable material to the die. The coated
substrate was conveyed into a convection oven operated at 158 F (70C) with
a fan speed set to provide a forced air velocity of 18 ft/sec 25(5.49 ms)
to increase the Vpdcdssignption “Shrd3odtoapPatomerdrnpanynbpcoidxstee a coat ed

substrate with aPQﬂrﬂ?Rfﬁni\éiir?%‘i%&%oﬁgﬁhﬁ l'ayer. The coated substrate was
then conveyed to a station having three face-side rollers arranged as in

Configurati @m C afsohxmnpifd7 3, Yoahphaticgodycsict Based lukrehankaldongat ohigbmiet,c r ubber
el astonmer cover. An. el astoner. covered backing roller ,,us o nip the
coated subst r at e 3gaFhSPIEEIR ?‘H{ebﬁ‘elt@éifd fepaion NGB f&&@qg%& rollers.
The 3Qcoat ed subglimt ¢ WRKaNEHSI dHHAGESbrioRcP, READELonthatiafY yRALH Rped Wi th
a UV source (H bul'b) (obtalined from Fusion W/ Systens, Inc., Gaithersburg,

Maryl and), and ttredcdaignbtien HeR-E88.4lin addutMooaddeent.o provi de a thi ckness of
2 mcrons on.top the supstrate for all W 2009/ 014901PCT/ US2008/ 069577
of the i nvem)l vepgﬁ‘ﬁ_c O@ugiedv@éll? Eéng%el'gl ossy conparatives. Line speeds
were varied. The line speeds for filns nade fromsolutions (A), (B) and (D)
were 20 ft per mnute (6.1 meters per mnute). The line speed for filns
made fronhpsKant visoYig)megserenBnistwase mage farttbesc 40@abletmenteriahess afunctias) of The

|1 ne ppeed fitecl il dThe TRESJ LOM:A0h Yhd 9o B S, 110 AdaiBglaS b3 05
meters per mnute). A conparatlve artFePe’was"al so prepareéf usi ng e 100: 0
PETA coatraftbgalmiitEaamale Y #hs kd eaur&libA ik 6f thage hbSutdadn®hvsidadtaimddepriod
treatment by face-side rollers. As a result, the conparative article had a
gl ossy fitAilkgEcaiig the ¥iscosgy of Hie qoatpblstmaterialp ppdpraer thigrcsidrotler AEtmetsh.
Properti tive article (having a glossy finish) and of the

i nventi vgosfetllﬁ)é;rleélpglslg% ﬂav%%g a matte finish) were neasured. A "Haze-Gard

Pl us" instrunment commercially avail able from BYK-Gardner of Col unbi a,

T e e A o T TS Logees, The
measur eneyiyh 3arah thad SRRM GAE igﬁ(reqe;' Ria§ Eﬁgnéeﬁ ofil AHFEANGHIRR.TI COATER™
Model M-200 coating machine, commercially available from Hirano Tecseed Company,
Ltd. of Nara, JP. A coating die of the type described in U.S. Patent No. 5,639,305 was
used to deposit a 4 inch (10.16 cm) wide layer of a coatable material at various
20  thicknesses, onto a 9 inch (22.86 cm) wide, 5 mil (0.127 mm) thick commercially
available pre-primed polyethylene terephthalate (PET) film obtained from DuPont Teijen
Films U.S. under the trade designation MELINEX 618. A conventional pump fed the
coatable material to the die. The coated substrate was conveyed into a convection oven
operated at 158 °F (70°C) with a fan speed set to provide a forced air velocity of 18 ft/sec
25 (5.49 m/s) to increase the viscosity of the coatable material and provide a coated substrate
with a higher viscosity coated layer. The coated substrate was then conveyed to a station
having three face-side rollers arranged as in Configuration C of Example 1, each face-side
roller having a nitrile rubber elastomer cover. An elastomer covered backing roller was
used to nip the coated substrate against the third or last of the three face side rollers. The
30 coated substrate was next directed into another station equipped with a UV source (H
bulb) (obtained from Fusion UV Systems, Inc., Gaithersburg, Maryland), and the coatable

material was UV cured to provide a thickness of 2 microns on top of the substrate for all
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The invention has been shown and described with reference to various

enbodi nents. It will be understood by those skilled in the art that changes
and nodi fwoaniangiomay be nade 20to the descri bed enbodi REMIES200810695aT
departing fromthe spirit and scope of the invention. WD

2009/ 014901PCT/ US2008/ 069577 What is clained: |I.A systemfor providing a
filmhaving a matte finish, the system conprising: Means for providing a
coat ed smﬂ@cglﬂer@wtwr@éﬂ%%aswlwtih@ eleby onHpPFatEehd-1Be cedt weeyatieh| Ehe

mat eri al i t . i i first

i or - sur TRCREEF PR Ak Sk GOXE N (BTLER A LA Bl

Vi scosi t ym@trstpeeminutsit Thedinabpedrfat fimsmada Bomaofutivs (Cywsc b fttpyr mdnuae Second

Vi scosity; . A face-side roll havi ng an outer_surface positioned
to cont aéﬁ-qrﬁ%teﬁ‘sipﬁéF“%f)o?&fdg]ﬁr@%?é’etj%g{n%@a% PR LBE (Fhyes fQ)ﬁipﬁ’bart a
mat t e 5fi nh gl B95eRRers3RAmIRELONal |y, nmeans for hardening the first

I al 2. Th

coatable materi al. . e systemof claim 1l wherein the neans for changing
the viscosity of the first coatable material is selected from an oven

source of, el ectromagneti c radi ation, sel ect I m soyr.ces. of traviol et
ol ati o SRR APRE elR Py S fo DRI X b SHF Bt and

combi nat i ifou® bulj¥Ring thd®akdAubthee foarQeanén Gydnd-ade RlIBkK! Qn Raamisour ce.
3. The systemof claim 1l further conprising nore than one face-side roller,
each faceogipgeativopitete hasls glpssidtnishovieibmalbel the Fveniivesartiphg bad smeftace of t he
coatqg s%%ﬁ&{ate to 20inpart a matte finish thereon. 4. The system of
claim’3 having three face-side rollers that have different cross-sectional
di aneters. 255. The systemof claim1 further conprising a backing roller,
the face-side rol|er and the backing . roller beLn% configured in a nip

ar r angenenePsiAey &fithe eeraparaiéve. atigle (hayinget glossygyashinpé eftheanveativaeitickssecond
surface . i q riaal I the [ ied on
the backi s Por PR R AR R RIEt (/£ HER Gl LI SURARER ForbBeRRID 5 The
f ace- si devadtle frommnBéK - Givenape i atliohiz ok zanaaich asaisod tassauratledtyvntih t he

backi roller. . .
lgg haze. A “Micro-Gloss” instrument, also from BYK-Gardner, was used to measure 60

degree gloss. The measurements are graphically depicted in Figures 18-20.
The invention has been shown and described with reference to various embodiments. It

will be understood by those skilled in the art that changes and modifications may be made

20  to the described embodiments without departing from the spirit and scope of the invention.
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30 6. The systemof claim3 wherein the outer surface of the at |east one
face-side roller is featurel ess. 7. The systemof claim 1 wherein the
out er surwaceowfi4qme at | east one face-side roller incl BEEAIS200846952T n t hat
can be inparted onto the second major surface of the first coatable
material. 8. The systemof claim1 wherein the nmeans for hardening the
first coatable material is selected from a heat source; sources of

ul t ravi ol What glaimedh, infrared radiati on, x-rays, gamma-rays, visible

| i ght and conbinations of two or nore of the foregoing; and an el ectron
beam source. 9. The systemof claim1, wherein the coatable materi al
conprisesl.a pmyymmiMrevid'mtgarﬁlai haoy amaitaﬁnish,rthé sys&sm bamprigingn aver age
particle mze}%lstrlbutlon ran g, from about BS mcron.to agout 60

ni crons. RnsLQRramidgte ¢ %S@bst%rt%q Wafqﬁ*ew HFLS BRIy HSe surface
- nodisf i %aﬁﬁfetﬂlﬁEﬁﬁ appﬂé‘d to'% s%&ﬁ@g R cdTRIBI D Rrifil folth @\ MGt AaiBRbrBicE! Ni sh,

the nmet hod conprising Provi ding a coated substrate corrprl sing a
coat abl e afsheedagld wbsmsed on a substrate, the coatable material providing

a first major surf gce of th coate St t he. V|sc05|ty
of the coar aplBCTG TENEEaN ReSINEL TR icCHabieay T A G Vi eaBes ty:
Cont act i ng atsB@nldivistbsifgpj or surface of the coated substrate with at |east
one face-side roller to inpart a matte fmsh; and Optionally, hardening the
coat abl e mat erd &cetsedoppben leringra CfutfrrrwrfaC?@z)OSTH@@e(ft@tmcbfheéﬁ%mjm wher ei n

bl | h
B Pt PR OR B pgME bR e FE MR ERe RO B i Bl BB 01 TGl 12 whor e

changi ng the \@lstmallyynwlsmmﬁnhfghﬁdﬁbsycmwlbﬁ@tdrfae coatable nmaterial to
increase the viscosity of the coatable material fromthe initial viscosity
to a second viscosity. 14. The nmethod of claim 11 wherein changing the

viscosity is agrqQl g@.lehlsﬁ%‘ﬂaulﬁyl Fia R tHtheEr"r's foP Bl g %}H@%ﬁ s"i’tkz offhe first,

el ectrorragnetl cr atron to I ncrease e VI SCO coat

mat eri al dontabictrhe&eiialiif scddctad Semsant g’vehpscﬁlr&e(if@:ﬂmttmnmgmmttydlatlon selected
15  from sources of ultraviolet radiation, infrared radiation, x-rays, gamma-rays, visible light

and combinations of two or more of the foregoing and an electron beam source.

3. The system of claim 1 further comprising more than one face-side roller, each
face-side roller positioned to contact the first major surface of the coated substrate to

20  impart a matte finish thereon.

4. The system of claim 3 having three face-side rollers that have different cross-

sectional diameters.

25 5. The system of claim 1 further comprising a backing roller, the face-side roller and
the backing roller being configured in a nip arrangement wherein the face-side roller is
positioned to contact a second surface of the first coatable material while the substrate is
carried on the backing roller, the backing roller being moveable with respect to the face-
side roller under the operation of an actuator associated with the backing roller.

30
6. The system of claim 3 wherein the outer surface of the at least one face-side roller

is featureless.
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15. The method of claim 11 wherein changing the viscosity of the
coatable material conprises exposing the coatable material to an
~electron beamto increase the viscosity of the coatable material from
the initial viscosity to a second viscosity. 16. The nethod of claim
11 wherein contacting the first major surface of the coated substrate
with at | east one face-side roller is acconplished wth a roller
having a-pattern on the outer surface thereof, .the pattern providjng
areas on the SO fyten 8?‘:1?%? Paieredn %Fi’i’élfer H‘H?"%‘?Bf’f @’Sﬁf E‘?‘ﬁd’ﬁ“@ ?"’E"S‘Sﬂ% oller
matte fimidiicon th_ﬁ’@nfthd% 84n B@ingartsd bARERe RboldBaiePRrRde SEBS W8 l8atabld /-
The nethod of _claim 11 wherein contacting the fjl rst major surface of
the coat &p&ighstrate with at | east one face-side roller is
acconplished with three rollers. 18. The method of claim 11 wherein
contacting the first major surface of the coated substrate with at

| east oné. f ac&hssybtem of tleim i svhareirothp meahefbr hirtlniag therfirki w@aable nlderial he

met hod of_ clalm.l1l wherein the at | t one face-side roller is
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roller beuAgagaps vBiblelglitand cAhbinalidrdRg8rEot miertidKotdinzace- si de
roller is positjoned to contact the second surface of the coatable
mat eri al whi | 84 #eelegipabeamesopgecarri ed on the backing roller, the
backing roller being nmoveable with respect to the face-side roller.
20. The nmethod of claim 11 wherein hardening the coatable material to
provi de #he fThesystempef deisn hewtereig theheamblatnaditrinl nahpriseala pobynetizaans
sel ected_from an,oven _and, heat.ing the face:side rollers. 21. The
et hod oP st SR eI AR BR A AYpressbacisth i SSARER el i ses
exposi ngalidue 006 atiadehao BBR B ahicioas.a source of el ectromagnetic

radi ation selected fromultraviolet radiation, infrared radiation,
X-rays, gamma-rays, visible light and conbi nati ons of two or nore of
the foreggi NOThe Sétem HEc1BRE §1QehePdin MleHaMcleh o gg Sl gﬁl@‘iﬂgdt he
coatabl e nmaterial” conprises ‘exposingthe coat e material to an

el ectronpastigles. 23. The nethod of claim 11, wherein the coatable

mat eri al conprises a polynerizable material. 24. The nethod of claim
23, wherein the coatable material further conprises particles having
an aver apk paAtnethed of inskia & fibh bhe¥ihg 8 matte MigisAOtht bMcaRMprigingd M cron
to about 60 mjcrons. 25. The nethod, of claim 23, wherein the

coat abl e mat erPXICHE 4 $97kd LTS curaprisingagoateblegaaterial dispasdpana i cl es.

substrate, the coatable material providing a first major surface of the coated substrate;
Changing the viscosity of the coatable material from the initial viscosity to a
second viscosity;
Contacting the first major surface of the coated substrate with at least one face-
side roller to impart a matte finish; and

Optionally, hardening the coatable material to provide the film.

12. The method of claim 11 wherein providing a coated substrate comprises applying

a coatable material having an initial viscosity to the substrate.
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13.  The method of claim 11 wherein changing the viscosity is accomplished by
heating the coatable material to increase the viscosity of the coatable material from the

initial viscosity to a second viscosity.

14. The method of claim 11 wherein changing the viscosity is accomplished by
exposing the coatable material to electromagnetic radiation to increase the viscosity of

the coatable material from the initial viscosity to a second viscosity.

15.  The method of claim 11 wherein changing the viscosity of the coatable material
comprises exposing the coatable material to an electron beam to increase the viscosity of

the coatable material from the initial viscosity to a second viscosity.

16.  The method of claim 11 wherein contacting the first major surface of the coated
substrate with at least one face-side roller is accomplished with a roller having a pattern
on the outer surface thereof, the pattern providing areas on the surface of the roller that

do not contribute to the matte finish on the first major surface of the coated substrate.

17.  The method of claim 11 wherein contacting the first major surface of the coated

substrate with at least one face-side roller is accomplished with three rollers.

18.  The method of claim 11 wherein contacting the first major surface of the coated

substrate with at least one face-side roller is accomplished with six rollers.

19.  The method of claim 11 wherein the at least one face-side roller is paired with 2
backing roller, the face-side roller and the backing roller being configured in a nip
arrangement wherein the face-side roller is positioned to contact the second surface of the
coatable material while the substrate is carried on the backing roller, the backing roller

being moveable with respect to the face-side roller.

20.  The method of claim 11 wherein hardening the coatable material to provide the
film comprises heating the coatable material, by a means selected from an oven and

heating the face-side rollers.
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2].  The method of claim 11 wherein hardening the coatable material comprises
exposing the coatable material to a source of electromagnetic radiation selected from
ultraviolet radiation, infrared radiation, x-rays, gamma-rays, visible light and

combinations of two or more of the foregoing.

22.  The method of claim 11 wherein hardening the coatable material comprises

exposing the coatable material to an electron beam.

23.  The method of claim 11, wherein the coatable material comprises a polymerizable

material.
24.  The method of claim 23, wherein the coatable material further comprises particles
having an average particle size distribution, ranging from about 0.05 micron to about 60

microns.

25.  The method of claim 23, wherein the coatable material further comprises surface-

modified nanoparticles.
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