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METHOD OF MAKI NG | NORGANI C OR | NORGANI ¢ ORGANI C HYBRI D

BARRI ER FILMS Field This invention relates to a nethod
wo oo1o/ea1ed act uring thin inorganic or hybrid  PCT/US2009/048996

i norganic/organic barrier filnms. Background Inorganic

or hybrid inorganic/organic Iayers have been used in

thin filnms for electrical C and decorative

e pMETHGROT Mo KINGIPRANIGAR PNBRESNEIORGANIC

properties such as ﬂiﬂ]ﬁ@ﬁRiﬁﬁQﬁﬂEﬂs t her ma

resi stance, chem cal resistance, abrasion resistance,

noi sture barriers, and oxygen barriers. |norganic or

hybrid films can be prepar ed ﬁ% a variety of

producti on nethods. These ds include quuid

C oatﬁhﬁgn$§ﬁ:1gﬁ kOES teHmRIRE f&qhhﬁdf&qu i Sor aﬁ cor hgbrld

coating, dip coating, spray coating, spin coatlng,
incdganiozpnindgatrec filhsjues such as Chem cal Vapor

Deposition (CVvD), Plasma Enhanced Cheni cal Vapor

Deposition (PECVD), sputtering and vacuum processes

for thermal evaporation ghcR@loufidmaterials. Each of

t hese nmet hods has limtations. Chem cal vapor

depbmrgamombm@dgorg@vuoag&mqiwmhavfedmnvaepbmutlzl@dilms for

ele\gﬁlg a? klég%lg &ng ECeOCI:‘S Lxggalp?) (t;atlon§ gﬁlﬁgﬁt n%:rg Srne gl‘ﬁ)Vl(Pe desired

prcﬁ;@ﬁté@ @@@1 as h&henipilaees&B Sthaftal rdsidtdre, dh@nﬁ@\lvresmtance abrasion
eposition rates (and consequently low |'i ne speeds),

resiincReR@ISURRbH TR e QryEcHParipS. al koxi de precur sor

gyt B2k R VBSEASEE Pos

ThssthséthadseintladpBqut cogmg todlingques Budhhs sohinge cOzfting, roll coating, dip

300- 5000C, whi ch may. not be suitable for | yme :
coxt PGS PAY %%atmépiﬂl% RS aﬁ‘&éi%P%mBé%piml?é‘éﬂ e ap ical Vapor
r
DR 5 O A O REFEA P OORROASE PR i

and esvufimgirbodsses fdnhtmeal cxiymratoinarfisetid magfriatsh Ea@mﬁthaem@hods
hrgroc%§s isits very low material utilization, because
alInHMShart of the solid sputtering target material

doe g hBRicaP 4RI chRERINAAERS®I VD hiEPEOHD)#8rm VAMrized metal
alkoxide precursors that undergo a reaction, when adsorbed on a substrate, to form
inorganic coatings. These processes are limited to low deposition rates (and consequently
low line speeds), and make inefficient use of the alkoxide precursor (much of the alkoxide
vapor is not incorporated into the coating). The CVD process also requires high substrate
temperatures, often in the range of 300-500°C, which may not be suitable for polymer
substrates.

Sputtering has also been used to form metal oxide layers. This process is
characterized by slow deposition rates allowing web speeds of just a few feet/min. Another
characteristic of the sputtering process is its very low material utilization, because a major
part of the solid sputtering target material does not become incorporated in the coating. The
slow deposition rate, coupled with the high equipment cost, low utilization of materials,

and very high energy consumption, makes it expensive to manufacture films by sputtering.
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sl ow deposition rate, coupled with the high equi prent

cost, low utilization of materials, and very high
we@pang9276dbnsunpti on, makes it expensive to manREHUS2008048996

films by sputtering.Vacuum processes such as therma

evaporation of solid materials (e.g., resistive

heating or el ectron-beam (e-bean) heating) also

pr oWiadeun GipchEses puchas dicraraby@peiagan phiadisl matpaslpdg g, resistive
heﬁfﬁ%%’ re?etcjtr&'? b%a?tn gé B&{n‘rf?%etdtlﬁ@ ai&) rGvidP IJVQ fne’fa‘? lokl(i\é”dgﬁos\f% rates.

I cati ons requiri ver or m coat

Thotal eedpocariiisndddicidnid scaln upefqmnotlewﬁa bsb rapplecahe&t feqgiring very

btain quality coatin Addi tionally, . . :
un@ RO B T gﬂg% By &%@gul&%ﬁlbﬁéaa hpading to obtain quality
codtRigs %@dlﬁ&%llﬁﬂé\%@d&ﬁO%ﬁlﬁfﬂ%ﬁ oh ﬂrbc‘&§e§ daf RqaFRIdn-AL8ASvhich is

to I nprove t ating quality. There remains a need
gerapalalimeehoosniad] qwe%pmrlmplrwtgamatlngrquhlyw id

i norgani c/ organi c. parri il ms_on. po

sub F%?tr@%laltn ﬁtne%daﬁ’ %@94 OrERfy EIBF%?%V %‘{r?&bﬂii inoggpnic/organic
ba®Rs FilmSHIPHE At siiiRatcDURNEAOBL JRRIPES SHILy aRY BNbivQIdst.

provides, in one aspect, a nmethod for formng an

i norganic or hybrid organlcllnorganlc barrier |ayer on

a substrate, which gﬁ;&llggryt‘ﬁqg“%% PO rmng a first

nmet al al koxi de | ayer e su ate, contacting

t he The hedservetivintiah axidls, 1ha>yle Gsplict, @ i@h&T folr Gorfriiigart M@rganic or
wherein the inorganic _or hybrid

hym%arrg%lﬁﬁwg@aﬁ Perrichlppr ersa subpirlg, Whigk moghech aomprises ferming a
first %?e?ﬁ%11<3)§;%r%‘315¥er taﬁ)% thO VbR ncJﬂrfa%Ylhg %hf}ﬂgwgﬂaﬁalﬁéﬁﬁg fa’yer with

a nmetho ormng an I nofganic
wagdt gaoure thanlaygawherehnathe irrgdniyerhybndargansinosdagic lairéhformed
met hod conpri ses condensing a vaporized netal al koxide
undd VRGWR-a | ayer atop the substrate, and contacting the

Con@§9§&@n5§§1ﬁkt ﬂie@ﬁ%tﬁ%nl P8 AesMnt dheWRH&, atrﬁetﬁb‘& forfB&ning an
layer. In a third aspect, 'the i Rnvention provides a

Inomenhook lfydvndfomgamqﬁgloagabaxbam lfyelr nn@@rrbmam m\gudl mytlbpd domprises

nicli nor er, on .a substr
coflsSRE o uPR iR MR is0 et RS J08 et ] Bigacting
thePddddénsed sl alkeRITe OMRE Wi M&ﬁb @mfel thétaybybri d | ayer
atO[:[m the substrate, curing the hybrid layer, wherein
h

t he Ithg Britdspesfethe inyepiomergvidese mefhad fanformingsa bastiet film
cmﬁéﬁﬁﬁ% a h&ﬁ‘r?d b S*&%hc? aIBE ?‘%981? a %&E‘a&og/h{cﬁ Jt%(%ﬂ%q{ es

|nor yer on a su
forfth o Ihy@ﬂmiﬁpn?sﬂﬁg zﬁﬁlﬂdl@ .B(bﬂ]@e any apaiahadnipduad tofok@dal fitet hybrid

il 2 vapor i zed aroanic corpound 1 forms layer aton .
vacuum.

In a fourth aspect, the invention provides a method for forming a hybrid
organic/inorganic layer on a substrate, which method comprises condensing a vaporized
metal alkoxide and a vaporized organic compound to form a layer atop the substrate, and
contacting the condensed metal alkoxide layer with water to cure the layer.

In a fifth aspect, the invention provides a method for forming an inorganic or hybrid
organic/inorganic layer on a substrate, which method comprises vaporizing a metal

alkoxide or a metal alkoxide and an organic compound, passing the evaporate proximate a

glow discharge electrode to form a plasma, and condensing the material from the plasma to
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contacting the condensed netal al koxide |ayer with
water to cure the layer. In a fifth aspect, the
W0 p01€410027651 provi des a nmethod for form ng an i NPCTEHSL009/048996
or hybrid organic/inorganic |ayer on a substrate,
whi ch net hod conprises vaporizing a netal al koxi de or
a netal al koxide and an_organi c conpound, passing the
foraya lsypraater greaubstirte The glasmagrs eprpigey aoret thoepndersed digr can be

Coﬁa&@&,ﬁﬁ, a@g}%%&%Q&g k&g the material fromthe plasm
{0 N '

orma layer atop the substrate. The plasma can
conf@a anwhtrerspat, thbsmventuemseided ayethoddor foemagn ladireld
with water to cure the layer. In a apother ag{g)e t thde
gtg] alkoxide pre-

OrGAR{FERPTEARCHIGY PR &SRS Ui ROTCFBY MebY AKAYIS O
po%&ﬁ%lﬁél‘l R RR Qrtiaﬁ%gl?dl‘aﬂlz@d,%ﬂﬁ.; £ BBy athD BIS&ubffite while still in
tal al whi ch

al koxi de or a al koxi de prepolyner,
thehapribgete. Plag kel ib guley by cbytaetthg Wwatene by tadypeon, dtydpatitgeor other
hsubﬁh%ate m@ile g%ilL in.the liquid state. The | ayer
chqruical, [Peths By O 85 RRIN2HE RELSE® BFBy radi ation, by
healh Bhtidr a9BRE th OB iRl proFEassa MethBY fér FOpHRiIngahdr@MiObr hybrid
~ these neans. In another aspect, the invention provides
incaiganed/ prgdnit Gerrpr s pagolymsrig anbseratss WHydy ¢ag exhibit optical
i nQrgani c/organic barrier filns on polyneric
ﬁn?ﬁ%%??%tes whi ch can exhibit optical functionality.
Theg@canadetihe asmspedtis @lcritida wil\berpp&ontwrdrh theaccompanying
apparent from_the acconpanyi ng drawi ng and this )
dragying pd Bt SPeATicationn b e event. heyiRedreshouldhibg rboeramiprics be
co S i AR B IR, U bl e PRI Ry RR AR T
solbly Uyhtle attdchetheldind, as may baanmayedduraggmoedutitar i ng
prosecution. Brief Description of the Drawings FIG 1
is a schematic representation of a roll-to-rol

appar at us sui tab'ﬁriéﬁﬁes@ﬁgt’i}fﬁ BE IR rdiRgéli Scl osed
nmethod. FIG 2 is a schenatic representgtlon of a

FIGQt hisiacschehap-rapsenggmatof airnHito-nell appacaus/eytebledomtagrying out the
d.sgi&gb gﬂfor use in the disclosed nethod. FIG 3 is a
isplopshRemAte spectrum of the sanple prepared in Exanpl e

FIG. 2 fslaGchdmatse @pfe@éﬂtﬁ%m%taﬁé,eﬁéﬁ-h!ﬁﬂ-%fpe&tbﬁl-ﬁl?dml ®nveyor coater
prepared in Exanple 12. FIG 5 are reflectance spectra

suiggfble foe usainphedisppegdanetiod-n Exanpl es 18-20. FIG 6 are
FI(E:% %"r‘g@@cﬁqc} %ﬁgcthru%l & thl BEmSR TRl paeaRh FRALGR 1.0

FIG. 4 is a reflectance spectrum of the sample prepared in Example 12.

FIG. 5 are reflectance spectra of the samples prepared in Examples 18-20.

FIG. 6 are reflectance spectra of the samples prepared in Examples 41-44.

FIG. 7 is a reflectance spectrum of the sample prepared in Example 45.

FIG. 8 are reflectance spectra of the samples prepared in Examples 46-52.

Detailed Description
The words “a”, “an”, and “the” are used interchangeably with “at least one” to
mean one or more of the elements being described. By using words of orientation such as

EE TS EE N 2% <& 2% <&

“atop”, “on”, “covering”, “uppermost”, “underlying” and the like for the location of

various elements in the disclosed coated articles, we refer to the relative position of an
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FIG 7 is a reflectance spectrum of the sanple

prepared in Exanple 45. FIG 8 are reflectance spectra
w@Roee7sanpl es prepared in Exanpl es 46-52. DePEi/U8H09/048996

Description The words "a", "an", and "the" are used

I nterchangeably with "at | east one" to nean one or

nore of the el enents being described. By using words
clegrenbith sesaestén 2 Sapronia ly-dispayed, upgrrdlyfacinepybsgate. It is not
1nt?ﬂ'5%8 QLR %ubstréfg gte£1jt1¥llegl %ou?@ﬂa&ehﬁﬁ é)'agfacufa? Bl‘l&lﬁgﬂon in sgace during

ocati on various el enents I'scl osed coat
oramahmhmﬁmuwe refer to the relative position of

el ement MA h respect orizontal | y-di spose
wﬁa Sy’ ol RETS Bides bamoyalVimsigt opdlumanay ng 2% he
hoﬁHP&%fn%l;seorQB Qi tde Rl (RS RO Rriay § ARYscRAE bicfd! A8 bchhoextrusmn

tation n space during or after manufacture.
orbﬁnnmﬁwnmymmhﬂgwnyhummeumﬁhmpmmyMEn@nHﬁwpobpﬁ* melhugles both

wel | mers or copolyners that may be
fm?%?ﬁ@&ﬁ%? Colqﬁﬁ%ge bl end, e.g., by coextrusion or by
reaght @ftm bR GHIRY or Eolrier 1hy@NEFEE @6 b FiliG L 1898 whits is designed
term "copol yner" includes both random and bl ock

to iefsen Of RS vappiegas f niidntaarmgir@ronfqutmsrmssmb drrough the ésl@ror layer.

Exgr%{) ?yc’ n%%SQS gn({ VaporsQ[[lat rﬁ‘z}/ ﬁave thelr trans ses§ong1 %urgc? 1nc[{}21 oxxgen or
; m gr t ransm ssi

W@kﬁm@p@h t he f|In1or Iayer Exenplary gases and vapors
t hat nay have their transm ssion inpaired, include
oxy J&p tgm \wEasakinkedp aplymer efers torp Pelygws I wRish thqrplymey chains

ar JSIn%H ?Péeﬁle?bg %‘y t ch&n%l' 1fdhd %ﬁﬁuzﬂ% %Egn gl,n@ég%irg?{egules or

j ol ne oget COV& ent emc
grotips, to fassh netk&lorlgpcbiyhler: W ass@mkgd pelpsier ts@ehanlly aharacterized by

i bl Pt By 16 P esgechl hayob @ aBl Filol € i n

t he TRE @$RNGEUQD r&Brs2D QR "V'al%rehqc'tﬁh Waa&tr (e. %h e rﬁl@t') rQza‘cer adsorbed
"water"” refers to water vapor, [iquid :

or mbsstt)ed twaheesubadsto b layerafimwateldcamybetmewéubby at&t feut@ble source,
sui tabl e

e g BB, a gl S ip FRar R REG bt A R, or the

likvapor, a catalytic conbustion burner, or the like. The
term "under vacuunt refers to conditions where the air
( gadhe prres suder wavyra Urdern de eonaliteans seherg e hEdgase pressure

sut%&glld?negdth? ?&b%Wat%thggﬁg&eﬂ'eh&ceﬁ "oefow dttio slﬁ{e?'ifc %Ereasglll% Mgge%b ly under
vacuum refers to a pressure of less than 10 Torr, and more preferably less than 1 Torr.

The term “cure” refers to a process that causes a chemical change, e.g., a reaction
via consumption of water, to solidify a film layer or increase its viscosity.

The term “metal” includes a pure metal or a metal alloy.

The terms “optical functionality” or “optically functional” or “optical function”
refer to providing a desirable optical property, or reducing or eliminating an undesirable
optical property in a substrate with a disclosed hybrid organic/inorganic layer.

The term “optically clear” refers to an article in which there is no visibly noticeable
distortion, haze or flaws as detected by the naked eye at a distance of about 1 meter,

preferably about 0.5 meters.
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vacuumrefers to a pressure of less than 10 Torr, and
nore preferably less than 1 Torr. The term "cure"
WO ef1e/08276H a process that causes a chem cal cheeiyEs$2009/048996
e.g., a reaction via consunption of water, to solidify
a filmlayer or increase its viscosity. The term
"metal " includes a pure netal or a netal alloy. The
t er e LT ‘loptiral thigeress nahsn @sed Sith TEHEFCal l?yer refers to the physical

thl@g%?% 4 P@laa/eroﬁmeﬁoﬁg ﬁlg@Llnef Hast 6f0113fr &Fofnefn §0%1€pcfp9%hldd ?%n?a

tica ert or u0|n or el'imna
prdﬂr&ﬂ’ﬂiﬁsalrthtmlkﬁes@ fixt ahbat l/anb@watzglengnh af ma bsiteadfehsultsired

di scl ed hybrid organic/inorganic |ayer. The term
wavglhnd da trapseytieghor ilaclsdsighe an article in which there

i s Qsovéﬂe%} 5’1} %bﬁpitéscc%ﬁ%le %nﬂ)'lo?e@rltn' AR enttRdfn tflé mn%s are

det ected he naked eye at a di stance of about
hghiettrmsmwgsn@faeda;bﬂl ila@mmslb& lightreaesmsisSitreof & reast dpiuk é@t% at 550

wh d. t ot f
nir e CSRGET sl et i el o ford 8 PRShe it nbseTighg ik hghfstics
sudh%?iélﬂtgtefse(% I3 Goly@Bthylefe &AdPRtHRARIE)RETY Gﬁp&g@t@lene naphthalates)),

rred optical thickness is about
po wlaéﬁrsgelg oply(imethy bmehaciyiate) hpobssibopeicsnmebipzard ldngs, high or

low d ah tpl gp %91 ?ene%zafoiélsu{foelgesl qu}l(:?ther sulfd %éd%,}gu]iethapﬁ polyamides,

one e

polsl(lxkiﬁjzlrtﬁﬂtﬁsl) Aoty (ving/h thlbﬁ@é)ﬁfﬁcﬁﬁpéd?m@ﬁde gamoh@vi@ykdene difluoride)
visible light transm ssion of at |east about 50 % at

an@B@‘YWFﬁaﬂ@Eéﬁ%W&P?) pelpsthdenessulipde).rangitheraposgtneateinlesuch as
t
ep(Bll 'géslﬁlé(ﬁ% c%flkfa@[ Vs dﬁ%%‘?@%%)&ﬂ%l?@é?%%ﬁ%%zﬁf@% ?B?l Eeﬂzoxazole.
The subm’age(oah iay;béma mualpihiybadmicelsfiln (‘DOOFEcsuchak dsos¢ degriped in
t hyl h J bonat

U. g?}%%?%ré%ggtl’“ﬁf%wgﬁ Z%RP%@{%%@% %glay:f hyl enes,

pol ysyhd &ﬁ@&hm@&l el Redsed Bl eagse pr@ﬂré’dj&?ﬁ E‘@Jiﬁﬁt’e including

pol yam des, poly{vinyl butyral), poly(vinyl chioride),

PEAT| Tibe mybotrytrenay Heee g variglof (hiclmebicsene. ot 061 ita ebouaﬂ] dnm. The
ol eRo et Prars Ey ule o SémPlS i g sEPhundiHing arile

is @8Trky &lutl 8icldRhy téivdBienPPho bEhflde B? Mﬂ?ﬁ@ﬁﬂé & otB&télise joining
pol ybenzoxazol e. The substrate can a

a dmsr ased flremadpuisinap flexibis (ubmore o a m@wr,agﬂwb@@r less flexible
U.S. Patent Application Publication No.
Su@%%%%@%ﬁ%@ . I n one enbodi nent, the disclosed
fil macdiplob&l mehpas & cdable tﬁwb&hatadxﬁoﬂlmﬂletdilﬂg po_;]ie or both
The substrate nay have a varjety of thicknesses,

subgasisugages apd tup eumoawateﬂrﬁébwwt%}t [ hﬁyn%mg@hewmg
kn&\Q IR ap% 7 Pltegélﬁ'é( ?crn’s tlfVQ L d SR P‘{mh\é{‘]% #hesive may have barrier

suppo ng art
propertles

The disclosed methods can enable the formation of barrier films that exhibit
superior mechanical properties such as elasticity and flexibility yet still have low oxygen or
water vapor transmission rates. The films have at least one inorganic or hybrid
organic/inorganic layer or can have additional inorganic or hybrid organic/inorganic layers.
In one embodiment, the disclosed films can have inorganic or hybrid layers alternating with
organic compound, e.g., polymer layers. In another embodiment, the films can have a film

that includes an inorganic or hybrid material and an organic compound. In yet another
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is desired. Such articles can conveniently also be
made by |lam nating or otherwi se joining a disclosed

wo po1nioerd®e usi ng a flexi bl e substrate to a thi BREDS2009/048996
i nflexible or less flexible supplenental support. The
di scl osed net hods can enable the formati on of barrier
films on one or both substrate surfaces and two or

emppdigcab dhedisdotsdtiims 6an hip iperepifilayssedtcrmsgiag math hydridg
or% ‘{VHEQ%E ﬂ%erse gbstrapersql%§%%% b%ﬁ?e?'ﬁlﬁlvfgnﬁMﬁ%/ e dlsc].Pﬁeed

eS|ve may Have barrier properties.
methogls kas bajvermtdxggm ﬁ:arsn&madml ratet (tDEPf)cat m&bleﬁﬂpmﬁsuba lgsk éran about
ni c

fil t xh bi t epi.or perties
! Ca}gnﬁaé{s[]eﬁ%t Show 05 R 1 véﬁwgﬁ%wt BBl SubSteces
ha&lﬁ% Q%erfé[r fi ‘ﬁﬁtf&%e\ﬂ&ﬁ% thé éﬁ@l@b&ﬁh@tﬁo&@éaﬁ%wg B&vatdrhiFor

e at | east one Inorganic or
transngasnioe tatmﬁf&’{sﬁtﬂ) @t hapient pnessuam ldsathanahdlutt li0qhef-day, less than

amlc 0 r|d or norganlc | ayers. In one

b%ﬁ%éﬂ rﬁﬁ% ﬁs can have inorganic or
hy blsufﬂaﬂlé%%faﬁ aFkbkﬁl%@ &Ir'f&gmﬁg h'l‘ay‘éf 8RR isGbsEAMRRY BSmp&urds that can

pol ymer layers. In another enbodinent, the filnms can

be halptilizedrandrpondeased orethgdubsteate, pmbb@miateh@d tofaym ajplasma and
coﬁ? %?ei%ieorneth s@as?rate 0 c?a?]ll b2 &%gtgﬁose Ge 11;(:|[u[1d Xt%éeaﬂn hhae ngbstrate. After

comdmm@ﬁloe cbait@y ﬁheallioatdeabamge Wirbdviaybadtidn with water to form a
organlcllnorganlc Iayers Substrates having a barrier
bagrief f{rp.dp¥esep! %.m&ﬁa RO somosadnRnteys thegsneral orapla R M-

OFLSSTEABET, P05y T . R S IEGEY .
hetﬁﬂfgg?fd@ C7%i;e\t/eltrﬁss&ld(ﬁa€shﬁ?ﬂ$niel€l ((E]g&d)m@l d?}vﬂflo)aryl-(cl-cs)-
alklegar KCeoEETERg. Sk vttty %ﬁﬁaﬂe@p& d R ois
1nd’e?érﬁie£1 oy @%C@Elk?ﬂgirn @T‘zbcgﬁlﬁélﬁqr@ptlolnﬁﬁssdb@%t@%‘tﬁ hykfoxyl or oxo,

ess out 5 g/ day, or less than
or aszOR graybeRardfym aSung tapttbenreitiathealtdm xd weshfthey frorttaahgd.

bstr at t hat
Vol TR 2euPatir Ronlima Bl SR oTREHLR oby & mSRDyRSjent eroups,
wheRdidédchisaBditint fSQﬁﬂ@p%n@érﬁ@g@l@]}&ug@ nkeNEAE, ORL IBR?, cyano, nitro,

substrate, or can be coate inth @g@ld state on

trifiypsorsethk, irifluoromethexy.dondeleselorlbl, 6¢2-Eoheterngycle ve (Cz-
C RSB TSP, Y1 AP KO AD lErcfe or
Cgﬁﬁté@%fdﬂl? (@e@@habroﬁgﬂ(rml@g)aﬂﬁﬂl&ﬂle- {CORRY ,)’RQ’C(“D@@ Ré@(‘?'D)Rl
O Bak bR BRI OB, RER S o By e A GOICR C-ONR)-
RURING () RIPR")., RARONELE)R{Y):, 6P, R0 s)( Rerk=$) -SSR,
R*S(=0)-, -NNR" -OPO,R?, or two R' groups can form a ring together with the atom to
which they are attached. Each R*, R and R¢ is independently hydrogen, (C1-Cs)alkyl, or
substituted (C;-Cs)alkyl wherein the substituents include 1, 2, or 3 (C;-Cs)alkoxy,
(Cs-Cg)cycloalkyl, (C;-Cg)alkylthio, amino, aryl, or aryl(C;-Cg)alkylene, or R® and R¢, can
form a ring together with the nitrogen atom to which they are attached. Exemplary rings
include pyrrolidino, piperidino, morpholino, or thiomorpholino. Exemplary halo groups
include fluoro, chloro, or bromo. The R and R” alkyl groups can be straight or branched

chains. M represents a metal, x is 0, 1, 2, 3, 4, or 5, and y is the valence number of the
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al kyl ene-, (Cs-Ctheteroaryl, or
(C5-Cc) heteroaryl (C -C8)al kyl ene-, and each R2 is

wo pdepeatdent |y (G -Ce)al kyl, or (C2-C6) al kenyl PCT/US2009/048996
optionally substituted with hydroxyl or oxo, or two
OR2 groups can forma ring together with the atomto
which they are attached. The Rl groups can be

megiht §- sna Ly be § fralymvnga, difehtitapmememndrsicanisiip 3ad mge rery

ool B S RO SR ol PRSI e s
at kagtfohuomo@gm}ap bohddd to ulor mmet mbmy (C3- C8) cycl oal kyl |
-C7) het erocycl e het er ocycl e

(Cl ha@ym@ mc@g%alﬁﬁ%l}lg? nimogas. @)‘Calbﬁlf“fr@ bismuth, boron,

cerlu AbKYLEN alhul(n(:%emf;cﬁ)u!?@th%ﬁﬁ@tﬁ}’ﬁldlum iron, lanthanum, lithium,
) het ef ary C 8)al kyl ene-, -CO2Ra, RaC(=0 O,

ma@a@@mﬁ)) mplymeal,eomumph@p@ms ml@@@,_@dm(rm doontium, tantalurn,

thaﬁg% Nﬁﬁc H§l I}g en _O)ygg%ﬁ Iﬁ}%\%%&%ﬂN%ﬁ a Qiit‘ure
ther&PRSovelaR B{ctPatkoxiddhRy ; (%%Eeﬁtan@tres Eﬁ@zﬁ%nﬁtre@ WS aed@ble from

forma ring together W th the atomto which they are
Dugpn%@%e@delﬁh@ﬁym tRislcmatk.- Re i s i ndependent |y

hydﬁ\]oo%eh 1|j[]e g Seﬁ ?‘%? eC1f%r Cefté’l%ﬂolftléjeﬁqgcl&(p éef%:eé%) %10x¥1 titanate,

wher €i n tS|n

tetﬁléihdé@)yitané@ te@@@@p@d;lﬁ)&b}(ﬁﬂanaté Cﬂetr@n%)ralb&qrbtith]ﬂle@e té&rd(b@oxy)
or aryl (G -C 8)al k%l ene, oOr , can _form

titagagt %ﬁthtygljféﬂ‘?é}’ tlwn@w perslcAs gkyéaletﬁa%at% rpp{Yénxleéﬁ) tifgaste,
trlé’%ﬁaﬁloﬁa. ﬂg HQQateEﬁ(ﬁ Qﬁré/ona{eng r ﬁo%l %ylfl{aﬂg(ng h&\]?yl acetonate,
r pho enpl-ary

pl peri diho nmot phol’i no, or 't I ho
cthiyhha@tagic etipsstdr micdnache isbbtaangl, tltaﬂmltm nognian lontaerircdinienRictate,

zirgqn:pglilrﬁélyaolgr%eleﬁlg i {Saggtgghgi aéét a ﬁ@%eéosglineszg gg%&i{l as fJuorinated
pog’leth@f‘glaYleé &5518§d\{§llﬁ@%t€hlt'me5 991, 80O B A-proPosy):zikonate, and
can for alumnum 4 for titaniumand zirconium

mizmeks meafaAsidmlepérmtamgles pmhudehapolxzadbm prepplsmaneeddbrmhef the
ovi de nmust

b Gyl RS RS dindrsedets a5 Rusidl Eoheftdihe™

pol%&ﬁﬁ@lh@{ymlé@h@ lafid B@l@b&@ﬁtlt@hﬁm Ao b D IaLk,oxﬁfe§ ﬁ{&hﬁie
oron, cerium gadolinium gall

bari un]n bi smut h
ethem, nrmom&ynbutpmaewpxy,ra@ﬁ 1sommomﬁwlonaltmd umtal atoms,

Egﬁ]hl%mtz <A n 9%? ﬁ]t%a fag %]%H%lﬁgq i u’ﬁ)]%mg rbﬂ?qxplt t!lﬂa?eﬂ]nOther

rndtal AjokeRs thaasaaﬂbwpnlymexﬁidduﬂalude trecra(e&fwy)zmaﬁae,l tei(n@Prooxy)
m xture thereof. Several netal al koxides,
titagpigatsiralisqproneay bitanse methyginseoy stane, ﬁv(aﬁlmaé%ﬂ slapesom

BRSNS ikshgademar . hon-Tim g

t et Ta¢ pepbbyyeriztd retedblxpxide coating materials can be prepared using the
techniques known in the art, as described in the DuPont literature for Tyzor materials
“DuPont™ Tyzor Organic Titanates General Brochure”, Website
http://www.dupont.com/tyzor; in D.C. Bradley, et. al, “The Hydrolysis of Titanium
Tetraethoxide”, J. Chem. Soc. (1955) 721-726; in D.C. Bradley, et. al, “Structural Aspects
of the Hydrolysis of Titanium Tetraethoxide”, J. Chem. Soc. (1955) 3977-3982; and in B.
Karmakar and D. Banguli, “Alkoxide Hydrolylsis and Preparation of TiO2 Powders”,
Trans. Indian Ceramic Soc., 44, (1985) 10-14. The metal alkoxide is mixed with its alcohol
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tetra(ethoxy) titanate, tetra(isopropoxy) titanate,

tetra(n-propoxy)titanate, tetra(butoxy) titanate,
wQ22avkyld7eexyl oxy titanate, octylene glycol titRCEUS2009/048996

pol y(n-butoxy) titanate, triethanolamne titanate,

n-butyl zirconate, n-propyl zirconate, titaniumacetyl

acetonate, et hyI acetoacetic ester titanat e,
as g §@§@Iéa$bwuttquﬁ additien of W@tﬁh(tumwlhfcmaiﬂl@te algqhelipseliion), the

poffy?;% ?htfon p7-r édlt';@ &A(%&ﬁk&tl?rs 1 é’rlrtttﬁalt ﬁ&%&&éf fbl@ne,
nate anes .g., suc ['uorinate
wamjn)tﬂtheetalsalkmés be cmiodisé,cgenemal]}y BeldRatvelnts MNbes than about 1.

991, 826), tra(n-pro ) zircanate, and m xt
the spo! yr&?&&?& F&tﬁé@ 1@%5%99%@% lﬁé‘ie{}g]é (QLgoBT &8N éﬂo ¢ prepared
by 9&%991'1 mwaﬁs& $rR54T8 nPfiedulg. ﬁ%‘{@m WEEAl kol O ¥dI8Sreacted with

including diners, triners, I onger oligoners
canbmgylwda,cr@ apd lhydi tqé@rtmadysxyl pn{amtenjdmdry@by bs tigslcrlbed in “DuPont™

T yz&r J)%altu%rr zt@g%}ﬁ%lggggflgbge &?ureatggé&gg;ehsf‘g) Cl Ud BBt gh@&%y}/zor and

in W ehican®bi zewi neg al atons, and prepol ymerl zed forns
of those metal al koxi des, pol y( n-but oxy

tit Jnhan@yeas@tnh@pleﬁ@lﬂlawelghkmﬁ@e@polbrmen@thrb@rsors (oligomers) can
leaﬁ?? Ynmferalsez \glsclorsll ¥ g?c? {edhla dz \’(ale){) e]? %Jrets %g})a?%%%ox g/ § utnp?lgﬁlae{%?d metal
alkﬁﬁidByAtcbht@@ﬂﬁd%)bLﬁat bBddtvent banobd malied is ihoyesolymerized precursor
'%H ydi met hoxy silane, and tetra(n-propoxy)_ zircqnate. .
to Frol ther sofoprié theAleairerbyisgosify kyGoadnERpessy WheHAg stomization

an& ﬁQs gegvgﬁéﬁﬂﬁf f%gfot er‘%}j{’:‘h‘ﬁt cﬁ[yé?tgr{rgi e@rgég‘ﬂﬁ 6‘f§ h6oolvent can

fadntaatxe rthadtem1iZXiGo ahd t\r@poﬁylm of fﬁegﬁepo&yrﬁemmdan@a;l acﬁmxaieal

b. T hgprzs! alfoxates Cag be by VWW%QP §§$%e%§f> R} kv in the art
Exgﬁbfaﬁefy@%t@ﬁlclud@ evalg?eﬁmn z';S%C ﬂaﬁi‘-%@)raﬁgﬂ- u% teélﬁ‘ucﬁeg{lke

, |, "Structural Aspects of drol ysi s
thos¢ dibclosed inly. $elPataetNmox 4,884,371, 6 04@8@41 6 %4;942( 19566$27,267,
B. Kar, rmk r and

977 3982; D |
YR o ki e R arepRPaly b ap e siag e
eVéB'o?fﬂ& tolr8dlice mhecﬁiﬁéﬂp@es@&l% of tlfk"metﬁllﬁﬁ@ldé-%pb{’r or tiBcrease the

metal al koxide is mxed with its al cohol as a sol vent.
evwr%@mrm@u?,hea@llg@tld@mambe vendonsqd e telsupstiate efia tamperature below

the?gﬁ?%%%‘ii(gndﬁoq*‘f&fitgg%ar}?p t? a%?.l ynerization process can be

that the ratio of noles

wat @ht et alkdRidel aBb kaxbegpptied asiRf holatied, of gemigahttiiods known
. held to values |l ess than about 1. Prepolynerized netal .
in tz!we@Gxﬁa%%lala/tmﬁgoqiﬁa%lﬂlﬁ%m%at@s|t¢0@a}ﬂélﬁ§§u08alﬁ SpR¥ g0y e, Chemical

vaBb o%glotﬂ (tCRﬁgcﬁfag’lﬂa ‘E'nhﬁlc\é&‘@h%'ﬁ%capw e L[l%ﬁg %@YID&, , and

|ta |umte oxi des can be reacted W car

techmlqus disdoded an UtSJ Pfamnn’Nals K360, 301, yB3D6 any hndiﬁ LYY, éO&sa,nd the like.
O|F ri bed |p ([PJ nb @

Optlona y, t e metal alkoxi ¢ 'mixed with additional materials prior to the
deposition by liquid coating techniques. These additional materials serve the functions of
improving the coatability of the liquid in vacuum. These additional materials can modify
the solution viscosity, density, or surface tension. These additional materials can modify
the rate of the curing reactions or the final thickness of the cured coating. In some cases,
these additional materials behave like a low vapor pressure solvent, assisting in the

deposition of the liquid metal alkoxide by liquid coating techniques and evaporating from
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Tyzor Organic Titanates CGeneral Brochure", Wbsite
http://ww. dupont.comtyzor; and in U S. Patent No.
WQ2@2202183. The increase in nol ecul ar wei ght iPCT/H82009/048996
prepol yneri zed precursors (oligoners) can lead to
i ncreased viscosity and reduced vapor pressure
relative to the unpolynerized netal alkoxide.
thed@ﬁtllﬂ%)ﬂlllf@lﬂ thereUHIE BPCes! Remplesaf these @é@l&pﬁ?édnqt@flatlwclude low
va I‘?P c}%‘:ﬁ[ﬁaﬁ&d aIlQiraq?O o?sofnchﬂl g Sél’té% ﬁ%?lll % e(agneatb otcpdaecane, and
eslir I'scosit or ctoatl ng purposes. en usi ng
theadoones proakd ingral @rhal idmsﬁoeydmkacatoil anodtalctaroin a vapor fl ow

for _coati t he presence of 70% sol v

f aciTh pordTiodeal et gt putas gy éQ%G%%tﬁ%’?YS? withavater. For

exﬁﬁﬁl@ ahy BL: gﬁldoer@%h?alctealv%ﬁf%vgt%r Véﬂ&? Hﬁ%ﬁcﬂwa@f prc?férddﬁ%rﬁé’(f‘or
be vaporized using a variety of met hods known 1 n

absarted @(thcrplhlatrytertm hyes oi mplastie cewtalpmgawt@nvaper g?u,rlng can be

tlon usi ng, techni ques. l.i ke th
eninge] wEE Bt &8 PRI GS e T Sl e So b0 - g nfra red
heflerdd4 Ryt fb’&)ﬂﬁ)u@@c?n B@fer. THOLAABL 0Bmb@Aidn bidthek b&Lalso provide
Carrier gas flows (optionally heated) may be added to
watd @ apia {581&1@100&1 cnergy edu be ptquqdéqytulfa&w@lpbéé\ﬁ}@ vafugrh &'V light
1nprr?{n?o th%I lfa?sXI doglr )2[1\1/% o der?se eEJ.ﬁ((_?'())(lE(P N8 e% gu}nl? eth%vcﬁlplgg ﬁéoc?r St e

at  Tht enpas @tawcﬁls b@lymu dchﬁe@%dﬁﬁﬁ%poﬁﬂahl@ tathlysth. Exeénplary
vapor. stream The netal al koxi des al so can be applied

catabzﬁﬁs dnAudegredtiy agifls sushiep Asctivecklond metbans suborig @Cléir photoacid
|
elRKAOR) B o [TROS SRS Guf QLA (DRERh UETARHE o ARic

maksradsneh aClvamoaal an\f@;hofob%pgwbrta'tam PhBto@Mi)c, catalystdcan be
tech |ques di sc U. S, Patent Nos 60, 095
acteya BARORNE t%bg’jhigq@ 6@‘6 GRS fn ?qnﬁsnseeﬁputé%%ﬂyg layggor

ad 520 8h tlé' sePstaR ﬁ&ﬂoQthﬁ%ﬁ% M difdn@ddi tional materials
prior to the deposition b i quid coating techniques.

Th eélealmﬂhhrtenﬁndimmm,taemetal dk@ed@/ end dreoramc compeurplf can be
ta

vargied ot P RS ARt B a® buls O pind Snbpit Mt e Fine can

inchidRGRatabting GENsick WlthGWat&U Cﬁﬁﬁ? cattﬁﬁsd)lQE‘ rcalGSBf the alkoxide with
additional materials can nodify the rate of the curing

wapes e 89lishly the fiton dayer eraincrcpsedisnassosisf toghidetwite golyawrizafgpn of the
orggﬂ ¢ c%ﬁﬁao%ﬁ‘& B form G IGeAt lgécﬁ k‘ﬁﬂ ?alg Sl?fn%% Aty af§§ RA%ENd KR in

pressure solven

seqlepi Isfdp@ nTlﬁfcoh{penéntﬂ of e ﬂiaieﬁbarﬁlbd@mlr%tddyto |fd)1qm h tiquid coatable
coating techniques and evaporating. fronthe coating

PregRelymgr @%V%@ﬁlmble&h@e@ﬁfspﬂcr% Hppesiions Curag gan also include
reag‘ﬁﬁjé bf @B2b B@I{l&'ﬁ%&* the 1a d%vé(nﬁ %F%le }olocrgzrﬁj%ﬂﬁ@] together with or

nes an ol s, Ing t
withodieeanetotfornnat a@oametall&rmbpolymer The films prepared having an

organometallic copolymer may be designed to exhibit barrier properties not obtained when
the films are prepared by separate deposition and curing of the two components.

The organic compounds can be vaporized using any methods like those described
above for vaporizing the metal alkoxide. The alkoxide and the organic compound can be
evaporated together to form a mixed vapor or they can be evaporated separately and mixed
in the vapor phase. In applications where the alkoxide and the organic compound (or

another metal alkoxide) are immiscible, it may be desirable to mix these materials in the
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t he correspondi ng al cohol series from dodecanol to
oct adecanol . The condensed al koxi de | ayer is cured by
W@ maea7ssHg the | ayer with water. For exanpl e, PETIES2009/048996
| ayer can be contacted with water vapor, liquid water,
wat er adsorbed or absorbed by the substrate the | ayer,
or a plasnma containing water vapor. Curing can be
Vamﬁmaﬁ@@étewwr%@\tapo ign. dgylags, %PIQW%I@@ Resfoprgedhfigm: a mixed

P AR ReSPHK e{ &@or artl n{a@écr{fa,ﬁsé 5? glﬁ%ta? ﬁlg Ava O S?fl one material

cat al yti Cc compustion urner tirc-co
and)t]ren;ecromimtaﬂleﬂ adiedy ot o gasngbueicr Mapdtich thd dmettal@ﬂiaim&rmdgiyonomer

can be provided by yltraviol et U\/) r vacuum UV | i ght
mafehialy arg ﬁ@‘%’ ﬂﬁ fy‘?%lﬁs OR2RRIC £ erneconsiansed %93 the
su&%feragattaﬁp&a&uerwm %ec%ﬁden-ggt@oM1hMtﬁ@%§Jok QRSB Mgy,

accel erated wth vapori zabl e catal ysts enpl ary
orgaatcadoypogndsnminbd enisedyanth chamie b alkocle asortoabhtenggsing liquid
nd t hane sul fonic acid, photoacid generators such
Coagglgtt%%‘ﬁ% sul foni um and di phenyl i odoni um

conMpRbfRry Sgakid TbmpbRtdih@hde SHEE vAs/1 JBMPHIrRls 3€ﬂ§bhols
ghot obase generators. Photoactive catal ysts can
car;

exylicaceds, #jd exdpesidess aey haiidesi tiils, anneewﬁamygtresdénreof Non-
llmlt(i) n%d &) %les tf%sttepsem P?t ne‘%hia@lér ates wh?c% se(f all'ls%e or in

Feacti

coﬁﬁﬁh@dd)ﬁfﬁ'ﬁh otl&r ﬁﬁﬂt@ﬁun&idfﬁkdndﬁor&ffdncﬁfcbn@lr(g&ﬂl)Ecrfjlatﬁg0 und
can_be vaporlzed condensed on the substrate, and

cur éfae tqrﬁl “Srethoaasylin apsht Inclupes Gither orpatiaaf agigliqiarad and
L R Lt A L W

mefthalcmldttayer or increase its viscosity together W|th
meri zation of .the ani ¢ co und to fgrm an
i m RRIEEY $97Y ey éfgﬁéwdeqheg?wgoléﬂmoetﬁ%we@wg lats- i n
ph&RAYERYI RISk eRZno kA (ﬁBﬂQﬁ@ﬁ%t@ 1%bohﬁ@ ab@Ya% otBBeBR acrylate,
pre-reacted to forma |iquid-coatable pre’pol'ymer or a

1sodcxtyé1ta¢ﬂyla2® Mlmylcﬂcmg@tnﬁ!etqacarbmxwdlydi epubitd, iarahy@ofirfigylcanylate,
ude reacti,on of t onets of the | aye
i e B B R by e TR GaE fedr ¥l bfgidVElm
r?’lafté"' Qut 2 Wl Rfroththl/ PAdiy 1843, @leqm%rgmb alﬁcx«}&&o kYdtBYlencl§l1§col
i1 ms prepared having an organonetal | i c copol ymer may

dlaﬁwl%srrlgmalen@ ghehl dperylates patraethglenp ahycplediagiplate Bmeﬁ% glycol

RN S
tetﬁtaﬂhylkﬁe ¢BfRor dizasiaus bixghaivy AngpoRpdiactyilke, ttikr#slol propane

descri bed above. for vaporizing the netal al koxide. The
triagrylate; ¢thoxghaicd H@%bﬁg}@r@p%ﬁﬁwﬁ@t% RFPPykated trimethylol propane

triacrylate, tris(2-hydroxyethyl)-isocyanurate triacrylate, pentaerythritol triacrylate,
pentaerythritol tetraacrylate, phenylthioethyl acrylate, naphthyloxyethyl acrylate,
Ebecryl™ 130 cyclic diacrylate (from Cytec Industries Inc., New Jersey, U.S.A.), epoxy
acrylate CN120E50 (from Sartomer Company, Exton, PA, U.S.A.), the corresponding
methacrylates of the acrylates listed above and mixtures thereof. Exemplary vinyl
compounds include vinyl ethers, styrene, vinyl naphthylene and acrylonitrile. Exemplary
alcohols include hexanediol, naphthalenediol, 2-hydroxyacetophenone, 2-hydroxy-2-
methyl-1-phenyl-1-propanone, and hydroxyethylmethacrylate. Exemplary vinyl

compounds include vinyl ethers, styrene, vinyl naphthylene and acrylonitrile. Exemplary

- 10 -



10

15

20

25

30

evaporated together to forma m xed vapor or they can
be evaporated separately and m xed in the vapor phase.
wo po1afopd7sE at i ons where the al koxi de and t he orBEriU82009/048996
conmpound (or another netal al koxide) are inm scible,
it may be desirable to m x these materials in thevapor

ghase after separate evaporation. Simlar Iﬂ% a_plasma
cardgyyliseacidsringladg phshalicacil anddeipalbpliotcid HacHpraylic acid). Exemplary

R T PSR

inchudedhegased{oyh rirchmn)de tamdwhicahyltdih]onidea Exarhplaxi théelamdiude

e ARl OB Ut O KGOS G 4Ty Sgines include

ethérfeﬂ@%{a%hﬁé Qn@ﬁéx‘aﬂéﬁ'%edl&ﬁﬂl@ensat' on poi nt Of the vapor

tream Simlarly, organic compounds can be mxed wth
t he Mgtldhycas eeondioceader fram atwarlctlyaxf inregerieds. tigreinpluy ohetals include

coating tec ues ar ani c ounds .. .
cleizal Gl kol SOy LN U Elo TR GPR i ey, alladium,
hafd@irlSndias, oANBNHAN G, Smag%%Mhrnh AHolyhasnurh |"de@ﬂ§mlu?1m sllR®n,

and m xtures thereof. Nonlimti ng exarrpl es of esters

geﬁmﬁ@luumestrpn’em f@mayl.natt@s titaphing Hurgstenbeangdmieh, aftone, emci n

t her i fun nal
21rgon1ur%1 uo‘;f-]‘tgftl?}bs r;ca?re? 1% %I}eaecnrly dté e%{ §;1Errh9 ca%n be coated on a cured alkoxide

layef. Wehdh) @ ot thére agdtal lajoncdru daplBict hach ﬁfetab Odylr 0dn be the same or
acrylic acid and nethacrylic acid, and the term

diffqrensdropaenafhedererisdingerk Botdiay e semepiekness. Tagne embodiment, the

1 r
mAHELPRE0RR TERBF L e HEEL NG MLty o
to q*:th;erwhytehh yctah Cayy (st and an:tyeims&ilﬂﬂyjrmg mhﬁse)@er(y)l \&Iﬂlmave a desired
sob | at e, dec | at e,
de%r&? 9? % Wé\ﬁ}(%s%sﬂ% é”t%é GX%%RlsJE%P@m% % %%@ pRRased to the

opfi&l 'E}ﬁa%ﬁéﬁsgfo@ [Hebkrléﬁblquhy Itrﬁﬁﬁmsgb@hl%fa'l la?ela&r 1)@16”1‘5; firay be from about
penta | uor Op eny acry late, ni trop eny acry | at €]

5@ apm A0ye thoy) alzot It(aalsqut 25 R ot frofml aJDorl‘ol'ﬁamhyd) about 12 nm. The

ate, diet en cryl triethyl.ene
higfibomng: e FILHreng o G e b ekl FyFpEA be formed
by ldepdsatintod @8 ab&leyﬁ@fhudﬁle@@ﬁbshaie%r oﬁemaf hlcgirme‘j@hd layer using
di acryl ate opoxyl at ed neopentyl glycol diacrylate,

techaiqpes mplg lglt oictadlizang 1t aich,as sputicaing gL e rtary of plsinar
|
rna%h&%ny gé)ﬁttgﬂn T%E?@?L% fﬁ% 3(1%?1%‘%1\% @rcglé@t %1%6?&1 IV orgﬁgn chemical

F opan ed trine

vapdridepssttici @ VIPY, arydlaigadic OV IeMod D), @ila@;ﬂﬁﬁtelhanced a551sted or
triacrylate, tris(2- ¥drox yet hyl ) -i socyanurate
acttW%ﬂ&éPa(PECV@ntoaépy e Blatlflg F‘%fi:‘fhﬁl ikEe,

gg?;’?gﬁﬁeﬁlﬁqégp %atryll oe)r(f?/g{'f {r@g%’rvapgﬁr?’@ otrgﬁn?@ﬁlgﬁéhals. The polymeric
layer may be crosslinked in situ after it is applied. In one embodiment, the polymeric layer
can be formed by flash evaporation, vapor deposition and polymerization of a monomer
using, for example, heat, plasma, UV radiation or an electron beam. Exemplary monomers
for use in such a method include volatilizable (meth)acrylate monomers. In a specific
embodiment, volatilizable acrylate monomers are employed. Suitable (meth)acrylates will
have a molecular weight that is sufficiently low to allow flash evaporation and sufficiently

high to permit condensation on the substrate. If desired, the additional polymeric layer can

also be applied using conventional methods such as plasma deposition, solution coating,

-11 -
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Ebecryl (tm 130 cyclic diacrylate (from Cytec

I ndustries Inc., New Jersey, U S A ), epoxy acrylate
wWENIB0®3685 (from Sartonmer Conpany, Exton, PA, WE/BS009/048996

the correspondi ng net hacryl ates of the acryl ates

i sted above and m xtures thereof. Exenplary vinyl

conpounds i nclude vinyl ethers, styrene, vinyl

Xt FApFBRE OB RERTHE (§iSo RIS wll 0@%&@% HHY CRatiwghey spray coating

o G R B8 Sham o P! I B Shnking pppetsmerigios . o

deébflbéd)mn'ﬁhe dmdedh ylmhmnglebhyobsmnin and shiigkiness dbtiengalditional layer

AR bCETBERER L0 RS oL o
ﬁlrﬁccgﬁlng%?ﬁﬁgﬁy%E%éllm roREd gy @Ml@ﬁ@%ﬂ@ﬂe' ¢ acid,

crylicacid enplary d anhydri des |nclude
pht Bamen: fdmb pnhpa@d vamg thy disepsed raethydirtiade a vEsigmplf asop including

hal i de anedi o i chl ori and .
tne3 s Pl ol Rm R o arigh et o Trovide the
prephiyibe BE Y& Mavidk Stvide gz{n)gé oF adfwctidhdices from less than 1.45 to
phenyl t hi oet hyl acryl at e. | ary am nes include

groata Haarded. di h@ﬁﬁ lagera gen hfef@éeﬁeatgg) 8L igfcaivranec cqvémglconetwtlgns to
pmvu!I ?p%cgaf% ct n%)m d A3t F tfpéc e c%%%u%%ﬁ' %lr 8%tlcE1( 86 1ees: (¥ €8 Isuch as

I'nc men a

dlsplagzanmumwglmmﬂuﬁwm paﬁi&fspﬁlﬁdkﬁphtliﬂl@td 1entms) badrh aplntwﬂs edge filters,
hafnlunh i ndium iron, |anthanum magne

subrfEscyomi & Herin bandpiesy filigrh, Fahryibeen tuI}‘j’éirCﬁ’élﬁlie%: mgh*sﬁ%t&%m%lms
reﬁe@ﬂﬁ@éﬂ%{%tbeﬂ d?ytlcél' cto oysgtn? ngsten, vanadium yttrium

zinc, zirconium or hereof. I n one enbodi nent,
si | Tain metal heers.obted Gbr atsoabiag i@drsajrk)ctheir déditiany= ﬂayeWt;an be applied

WO Or nore tal layers are.e each nef al
to 15159@1? StalErPrishe Py oA ?ﬁoyrﬁmﬁ% AnBiowEde nrogratics of
opBOd ANREGN M t@Y %altrfé? c%ﬁ% ok Bbﬁlﬂ%@ SRddififh [h%lers such as fluorinated
enmbodi nent,” the netal layéer or layers are sufficiently

polbfhihckccsiongss stch Beluwombtcd m@alkoxyaﬂdlesamﬂﬁlwnaamd jpoltyhtlhnr glggomer

g g baetosy Sy o4 by MG bb i BEde Pl frugaseygp barricr

ﬁmis §1+eELued k@B thd mafead $Sth® Mvefm@sn. §X adtHiéh, MluBAnREY R lfyeﬁlsuch as
ness éas opposed to the opti cal thlckness) 0

ﬂuoneat%d poly¢then copting ﬂhl@sﬁywaﬂﬁéha\re \reéby w tﬂfralcfaveeméem@fyr example,
n1about 7..to

< 99, KPR Bl Edus RO Ry, S it A S X tbochigs o W Hrvier

cozltﬁﬂg%ﬂﬁffﬁcét&ﬁﬁ%k@?pﬁ@to%llta{lc 8RR Jeh? 8RPIa§ e tes, windows,
met al he net al ayer(s) can be fornmed by deposition

angpphthd mablensesniting m@@lred ubisg ithe @Sqi@sedmlqth@swﬁ@ bgasiddo provide
dle?ec%rlﬁy ﬁ)roggrtlesa lec%%ca:q d &%Hr éc’wceegpl oyed in the

Such " as sput er ng (e.g., rotary or
pl ammemfgmepfdpareamumtg&he figdloscdvaghedt ivith cORr Ghifting properties

canr ‘t()ees 1llssetdln\1/ (seeccl)urrltyeclie%?cteg ofro]r akl) Sgrlife]t}? \6? g}?prhacgtlloonr;)suclfQset?m%gllproof images in
value documents (e.g., currency, credit cards, stock certificates, etc., driver's licenses,
government documents, passports, ID badges, event passes, or affinity cards), for product
identification formats and advertising promotions for verification or authenticity, (e.g.,
CD’s, DVD’s, Blu-ray discs (BD), tape cassettes, playing cards, or beverage containers),

brand enhancement images which can provide a floating or sinking or a floating and

sinking image of the brand, information presentation images in graphics applications (e.g.,
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vapor deposition (CVD), netal organic CvD (MOCVD),

pl asma- enhanced, assisted, or activated CVD ( PECVD)
wo enoemIss eri ng, plating and the Iike. PolynmerPCI/U82089/648996

can be fornmed froma variety of organic materials. The

pol yneric | ayer may be crosslinked in situ after it is
_applied. In one enbodinent, the polyneric |ayer can be
qusg?

might pigns prdsanteralyet dashisgrd dlépléy@dwdwﬂ% pnhapgement through

R T R L

bonmdpﬂnmsmjor use in such a nethod i ncl ude

Lo S oL 5 RIS Tl S

su‘t%@lf&e‘ﬁﬂ? qppl%ﬁl' lﬁﬁé?é fo t(lg@&ﬁ%@ﬂbﬂrﬁ% €an B\é Eﬁhaﬂ@é@ofappr%riate

nol ecu wei ght Is sufficiently low to "al
preticatsienevitho salpstrate (Hralqulswfubn of e ptlhyngw@wed bypepmartto forming the

: d t h ubst

incK B PoRr B PRt s TS prlies S s Ehuriedal creipe

furfcABNA BrduPpIad It)szﬁ@Lhél%S d&uable aMeﬂi0§§> 16t sOERQShbdiflBation are known in
sol ution coating, extrusion coating, roll coating

the(aét dn onfgftramdi@emoa pr@ttr@atmqngyeglrggl mvelyas ¢lagfricdrdisspargy

pre e t | ngoﬁt%e %uli)str%‘[(e 1%tt1§eo etnicg OIS z? reathxgeooartnloﬂg&actlve gltrnosphere (e.g.,
1RH°CT 58

pla@ﬁﬁs cglb@&ﬁhcabngv ecora'ﬂa&ilﬁﬂ}ﬁtg’eﬁdile&bﬁm ‘tﬁﬁher@i@?ﬁﬁﬁ:’gb bt amo3piekric
t hi ckness of the additional er wll depend in part

pregre Hischgdlr ghegrical rpéetgeats%w,a%r apKPretHetme; Faese prstisageents can
helfp%%l?%r\gl thill? gr{/er@?fra dof tﬂ% &ﬁﬁt‘b 2}% g{e eré&@ﬁ@& Y tﬁ@?utf%ﬁ%uently applied

coof I ng Re st arrier
laypr(ep&r et arsbaigmerdtethd insathaisead mtﬂtldimpissmametraatmm é‘byonghmc

ses including the fabrlﬁ@tion of ogtlcall tlona
Surdaeg-inkENa PRRECHNSP 6ULACIIEE REIRESH PHYRAE VENoE: nother pretreatment

reg%l@ﬂ? AfBIeo eoéffngltﬁé’ﬁfb&rﬁ@‘éhﬂlganQntgﬁc lb@BAanRIbase coat layer
refractive indices fromless than 1.45 to greater than

opttor@lly Toldsecd tayRrtdeicamtrirmerthsinggtilea or dnatoé ﬂteextleenqxetreatments
coat i constryctions,.to rOVId |ons

deg it AbvEr Tttt eRPoaEaBo it oS b Pty MR PRgaly base coar

layeR thsed SHEBssAnkEl SRV 1Mol @Somp18pddr mﬁseisemaatqhy?er can be
and ophthalmc | enses), beamsplitters, edge filters,

forgied tby tesh evarordtiogragd vBROTdlsRestian of aiadiatiparsraps|prkable monomer

b RER B o s SR ARG L T (L B0

eleefroxableem bppagathQyBr ﬁgl(itrsoﬁ)ﬁcb eaflecaﬂ@lail tiis@ht&[ge h@aﬁtﬁs @I&ﬂhé}%ultable
plied to the substrate or

Ao ASPPTRIgan & Taeasy &6 2198 48 345 b 4893, 4954371,

5 02?,‘6?@;5 0%46312 g?)@g'sgé" 5 %ﬂ“?i%g;hﬁb@%e% 2472%%2%‘538%&’ 6,231,939
and b 204, |42121;tle qbuhlaﬂhyéPEé’TAp:Iﬂfmﬁmng W[Q:hO/a@TSI uobi GaSkav and M. G.
Lartlggllmasl ‘i‘(Ao {/apo? Dae?)gmfulorllJ Brolcgsast fgr Cga%gt%(gel;a%%{ an% ﬂ’oqyrner Webs”, 6th
International Vacuum Coating Conference (1992); in D. G. Shaw and M. G. Langlois, “A
New High Speed Process for Vapor Depositing Acrylate Thin Films: An Update”, Society
of Vacuum Coaters 36th Annual Technical Conference Proceedings (1993); in D. G. Shaw
and M. G. Langlois, “Use of Vapor Deposited Acrylate Coatings to Improve the Barrier
Properties of Metallized Film”, Society of Vacuum Coaters 37th Annual Technical

Conference Proceedings (1994); in D. G. Shaw, M. Roehrig, M. G. Langlois and C.
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functionalized with trinmethoxy silane, can be used to
provide | ow surface energy to barrier filns prepared
waigi1ngo27ee nmet hods of the invention. |In additiBPeEI/US2009/048996
fluorinated | ayers such as fluorinated pol yether
coati ng, which typi cal I y have very |low refractive
i ndex Lﬁﬁﬁor exanp can provide optical
Sheqhaes s f |EtV9P°§@|t§ﬁ Aaegvlatﬁt@qaeﬂg%tetsrwﬂprf@&éﬁap@gf Pyestes and
» S t [
PofiBl e FO% STR Y FRRILAR D005l | ETRRG A, Gross. .
CoephatibahdrEcGleensel, “\rchum depeyiiad pdlyusirngtdl meuldiaged folssdor optical

Do PSR T oF Bk Aok &1 B0 801 ) B MTBRO] heCross. C. A
Co%%@é‘f@ct l@ﬂaﬁgEtﬁereﬁ%Eﬂ’ﬁﬁ&anﬁt N/qut?n “P’bfy%le‘f D:Qde Transparent

fting properties can be used in sécuri'ty devices,
Bafrmr Layeral,iSetietyod! BpplincGedton $Othusimuab T ecmpet 6onf©fence

Prociralges PO e MRS oduleth a1sg b HEliel i SRbisutionsl coating
meBAS BINHEArol @GR S:, PAIPPRN L Datihd) &@?@?%oatﬁige(@tg electrostatic

passes, or affinity cards), for product identifi Cation
SpIRp epating).4hen quxsélnmdsman@ é@rcﬂxemptm bedt gy Vvediptigreen dnorheadion

bedht tﬂlen({esf‘r:e englgal %ofn osmﬁc'ﬂ ar Vglcihe olfl theé\}/asgj tout ‘Taygr wlll depend
tap &8 yPRg

casse

in paﬁﬂbrﬂtlfd&faﬁl)re obtha @dbsﬁfa’fbaﬂﬁleéf@ﬁipld If@gﬁBEMmh’shat%athe base coat layer
provide a floati ng or sinking or a floating and
canspefarmgd ey 4y letsangstomed and Ay foraexapw phavs arbigknesh of only a

fe\bﬁﬁlqgﬁtoa &rﬂ‘ﬂﬂlc‘&ﬁn&&g! i cations (e.g.,kiosks, night

sign aut onot1 ve dashboard di spl ays), and novel ty
enhdhe éibantart b Qibitcadhe pogarcatmaniieh iat edt meg@senarUV or vacuum

. g., i h -
ar\Zl‘}&E%r?w&% ﬁ%a@gﬁl'@ ;}%gt%?g? @ﬂ%&r itk %ttcg e&swiqcrﬁﬁﬁyypassmg the
ﬁlrﬁfthﬂ'oﬁgn 5’1& §ednstetkebi) Raang tHBInPHNES LeRingTappHBRRS ALE NEdinY,

applied layers to t'he coated substrate can be enhance
inflyyedlpgatapor lmaemgw detmb'atmdtmnoﬁeahteea&mbtmmm for oxample be

el ot S8 ogr AP REoaDYT. ot T g sf0°C. or

abd @08tk Akt beecer eat e hydroxyl or am ne functional
groups is particularly desirable. Methods for surface

nodiAfni axamiptrofamepkarotass 100 thah earacr(tnveminntdmbe eyet) dalpentorin the

disg o P FRA A Mo TG, i e 2R Bp E bt SliBare 104

badlealt foMRB tibugPappaf@est meT@fhg@me@e&u{o@le@ rotatith 106 and idlers
10%; ow di scharge, corona disc dielectric barrier

@deﬂ}s@ecaﬁb’ sabﬂm@pwrpa@t pesss wedl ¢ mgtad eputteeing upelédator 112,
T
m&r %ﬁﬁ&l i‘ﬂeta‘i’ ralkoH %Ien%vgpo%mle ?{ﬂ%ﬁ(ﬁ ph El%lf]‘)rg flég englflldtalq(eOXIde 118

nsure
is s’ilpbﬁéd @tc@apdrhior D4 fremapidrvddr 120. i0iosalbS éiqurnti8)tan be discharged

into thpeI eivglgorator through an atomizer (not shown). Optionally, gas flows (e.g., nitrogen,
argon, helium) can be introduced into the atomizer or into the evaporator (not shown in
FIG. 1). Optionally, a plasma of the metal alkoxide vapor can be formed in evaporator 114
(not shown in FIG. 1). Vapor from the evaporator 114 passes through a nozzle or diffuser
(not shown in FIG. 1) and condenses on substrate 104. Water can be supplied through the
gas manifold (not shown in FIG. 1) in plasma source 110 prior to or after the metal

alkoxide layer is condensed. Optionally, liquid metal alkoxide 118 can be applied to
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| ayer(s). In one enbodi nent, the nmethod can include

pl asma pretreatnent. For organic surfaces, plasma
weeaEboeasirent s can i ncl ude nitrogen or water VBEDUS2009/048996

Anot her pretreatnent reginmen invol ves coating the

substrate with an inorganic or organic base coat |ayer

optionally foll owed by further s)retreat ment _using

substratenk4 by aoispargfe a{pabcaé@rr{@@t Povn) sepgtiayd ca@@tgrqe%wques Liquid
me@eﬁ %ﬁ(%dee%Rgp&tt&ecran %P‘g%fgﬁ Hom %S&@Gﬁ(iZH %g s@%@&te reservoir (not
especl al'l as on

ers ase coat layers
shcnm@shiftarddeldmpdrzy Icah be poddytorbes the eubstmptk yiedto oTraétebmcatlon of

coat yer can be.f rmed by flash evaporation
0%%@9%3@%%%' GRS ORI R “‘é*r%é%qp%“rk?ﬁté%F é“‘ﬁﬁﬁwlﬂple

pasi(sgs gn citidp d%éﬂdrﬁttl?ro@ﬂ%%fa)tus foo! b ﬁfrﬁéﬁrﬂlé}‘&hﬁ Ye applied

itu (using, for ex , aneectro beam
thrapgiafr\apq@tor UW4 o g h¢pasatel ecaporadrd oot shoain) sipptihd fige reservoir 120

T A AL LR R
poni2e fiy3r FomIhOABnOhEs. AppRRLusADY .car b Brl1SRM in @ sdidddlcldBmber
440, 446, 5,547,908, 045 864, 6,231,939 and

(ncg shaeh ispBIG.i Ty apdiblainghieed Pk Appiuntar fupplisdwithosuitable inert

e Aglte L2l o dine e SXulPop salt phB BlrBlrsis b magys from
int¥ifring, with thehvatietgygtiremakntyalkoide Coatnign grommkﬁlrgemd §puttering

(1992); in D. G Shaw and M G Langlois, "A New H gh
steBheed Process for Vapor Depositing Acrylate Thin

(PSSR BT o0, PR L a0 ARH AR FE 35,10 grform he

dlsﬂoséiimwhadds sMowﬁin Fa6GgL diigyid thstel a:b]f:odemrsyB&murhle @01 is mixed
Acryl ate. Co

ti t.0 I rov arrier Pro ert es. of
wifdE PRI B4 0238 afogp iger, E@Em%la? ﬂgeﬂlﬁ koxide. The
resﬁ‘ﬂfﬁ%@frop-'l_@@ M E@helg@fbfdQB %%&ﬁlzgf 2L EHEQIR ér%%@és) are vipdAzed. The

Roehrig, M Langl oi s and heehan,
vapdupessod tlEv@uh&h@d 208 alyd etrale@Eaon rsglsstrtate Weodhhsubistate 206 with

corglé%getaf 5 tgga.lﬁ % %}%&%ﬁte f@) @%c %F e 3\?(? EFettggi W'gh water, to cure the
alkwﬂfdfe liMa siisc&U@S Step. @ﬁ)t@hﬁﬂﬁ alqgaﬁﬁujofahe Heeg aM@kide vapor can be

"Vacuum deposi t ed mer/metal multilayer filnms for
forgyediie hpaaizpr 2%@pbﬁ10wn11huFrIGsé) befors thergary @assggthrougd diffuser

20%01?(? ?c)ﬂ&iet?s% oh gub]s te 2@76f gl ch?al@élebeuﬁnv\eé%& %W@ %l bNaus?d to supply

heatRad ywesr megpﬁxrams R60 ent bBavet it hpplavpticnal 1iGaid lnechmn@ff through
Vacuum Coat ers 39t h Annual Techni cal Conference
symgs et Hilsor@sgpate SyHngRRIPR O e abke eqpdensed mopogsT on

su‘t%grlaﬁ%kH?groyﬁf 8d RONYBRLJuRRAk e Oat' ng met hods such as

coating (e.g., gravure r coating) or spray
coaOting f{mctignal lejzees: or amtiags thasqanary: addmi tiorty) inotdaaiv or hybrid film

1ncillﬁi%88| | nkg&ﬂ layyseir or Iaygrcs) to tha gﬁle ﬁlrn coated s%t{a?edrlrlgltrel r?gr}d Ofhe
uppermost layer of the article is optionally a suitable protective layer. If desired, the
protective layer can be applied using conventional liquid coating methods such as roll
coating (e.g., gravure roll coating), spin coating, or spray coating (e.g., clectrostatic spray
coating), then crosslinked using, for example, UV radiation. The protective layer can also

be formed by flash evaporation, vapor deposition and crosslinking of a monomer as
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beam The desired chem cal conposition and thickness

of the base coat |layer will depend in part on the
woa10/0e2765 t he substrate. For exanple, for a PEIT/US2009/048996

substrate, the base coat | ayer can be forned from an

acryl ate nononmer and may for exanple have a thickness

of only a few nmup to about 20 mcroneters. The filns
desegihedabaygpy alatiberblompiRlackytd mepomers s itghlefagyse in such a

, . . t

prep SR TR pp i BT, oo TR oime B2 Tployed.

t he Fbir $amd dppdingtionanit magrbe aesichibietotaltyr theappeagaricher perdfermance of

in the coating. apparatus, e.g. , using.infrared .
thafilgy, spch a5y YH@%tqaﬁEg ai %ew}teﬂn%w iy R IPRIgENIE PR Y s,
f.of f f : :
epflhe pREATPLEE (PO LR Ghe LEFRAIAMEEAL AT, inoluding a
dyoor pbognt idODCot moabofithe AEKDalsArscé sampkethefinaganic or hybrid film.
appar at.us 100 that, can conveni ently be us to perform ..
g AR s b ST PaS S FRctel s e b Eluding
poddgo e idfPABd, NYL iSuhstviable sp&4ruRaaihe APE of ﬁighfént can be used to

t hrough apparatus 100. Tenperature-controlled rotating
coplgmenniie arapetteisof sheliogmarindr hpigid Ghn.rAy particsterla uecfalopigmented
t. plasma source 11 | _.sputteri. weator.
a3 B SRR g B PR DG4 IRPL P g vo. wo
20068989, TIPSy ct ¢4h bd ladtin e B lck@xdistecobldd drsosutfdet @dla tkin layer on
evaporator 114 fromreservoir 120. Qptionally, |iqui

: . d
theydigrlesad fia. Hhespigarcyelaading ievehendeaporatos - 1eiveytbogh0.01 and
i zer. (- not . i . fl ( .
o O oA S Qe 825 SR Prbpgaionofa v
absaretiviczercrdpydrieho alsh &c dedambicah @i ddr noprosdrowmy inneHhErs &) the

Optionally, a plas of th al ..al koxj de vapor can
artg@e i Aebs w SpBRsh Effp%%ﬁtomtra(&ﬁmn ther rﬁunétwﬁﬁayers or
coXRQ that QML NR1E YARR A rRinid dAhRARSE MBRANSR oftiSIRT BhEr or

or diffuser (not shown in FIG" 1) and condenses on
laystsige tnrade ¢hclfticleWwirerigelan be supplied t hrough the gas

oL SRR i e SRS e

degiRA0@0 [@ﬁdecu@@tlmﬂ 8hd o aﬂ{ﬂi@@) uinpeb@lenBbid¥bam o Id&hé@Nuch as roll

be applied tosubstrate 104 by a separate applicator

cogtigt(e.gh @iypraumsilirgatingusndn eeinngy speyHerduek: 8- ¢lefitogtatic spray
| i i ¢at Qr n i :

coflieg ] O B Pl B8 R LR HBh. S rbfiBlye taver can alo
be Farbded b dldsa 8papbZaiodavapbe defmslioh anh e Afsslinkén Sofasinbadrier as

prior to or after a&lgelicati on of one or nore | ayers.
dessrigp@akqvgeV plaiilizableanetihlacryfise menomersafesuiablstfpngss in guch a

. il g . h :
R e e T U S SO
In another embodiment, multiple films made by the invention can be joined

together to form a laminate structure. The laminate structure can have improved barrier
performance relative to individual films of the invention. The lamination process can be
performed using heat or pressure. Optionally, adhesive materials can be used to join the
multiple films of the invention. The adhesive material can be any of those known in the art
that are suitable for the materials to be joined and the final properties desired of the
laminate structure, for example, pressure-sensitive adhesives, reactive adhesives, hot-melt

adhesives, and heat seal materials. Particularly useful are optically clear adhesives such as
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t hrough evaporator 114 or a separate evaporator (not
shown) supplied fromreservoir 120 or a separate

WO 2Be/0005F (not shown). WV |lanps 116 can be useCI/US2009/048996
produce a crosslinked polyner |ayer fromthe nononer.
Appar atus 100 can be enclosed in a suitable chanber
(not shown in FIG 1) and maintai ned under vacuum or

thesfﬂﬁewp%ﬁ Q&O&)ﬁcedlysqhﬁ:atré%n@aﬁl%¢¢heﬁv¢rﬁ§M@nﬁﬁ%#%l% qpgically

cledi ﬁm‘?ﬁhﬁﬁ%?xdﬁé&?&en dust and ot her atnospheric
contamnants frominterfering with the various

pr ethhe atvertidn 1s€hﬁ(lmernk1hestmmatm fg, fodowagl dxakpleg, iamdhich all parts,

sputteri st eps, her exanpl e of .an ratys 200
perc RS EHIR ‘ahWF b%nla%@@ghwsa Shdigited- Lo olergse goted, all
solEHHacH f'eﬁ%lecﬂ't’@éﬁ’@ a{fﬂla%l&?rorﬁ can'rIg:lﬂélgl s‘ﬁggﬁérs b OXIEIE gl Pont de
syringe punp 201 is m xed en from heater
Nep®2rd Gomaparyi aeAld2o8 Chahiicih Campml}zes the net al
al koxi de. The resulting droplets can be delivered to
vaporizer 204 where the droplets are vaporized. The

Ex4ap¥ 1.PR& SthioR ghingdef fuser 205 and condenses on
substrat e&gOG gm; substrate 206 with condensed net al

al k éxtherefiing wes Eamed fiom fsiracehosy) Hienwo eBuBend Tyzenk Brusing a
Va%r coat\l\@% lilar {Oqlhg Uoater 1n%15t1?a:,]ekdosch?r%?tlca IX 3P ﬁﬁé eAYgH suﬁ’straPe was a

OoXl vapor ca

4-1hié tHiok, I’I@dnd:lﬂw‘m&mﬂye&%f (I20Pbnt #1). EhidMfirétpasy tﬁxou%}l the coater the
before the vapor passes through diffuser 205 and

subsgaersguasar teqakrsh Wil wateo apok Diasma)ag 3¢l Bty opeatipg a 400 kHz, a

eat and water vapor.
netzdg)par gfﬁ@f%‘ﬁﬁﬁ%@%@gg@q gmgppl y opt ional liquid
nondred(cthok pugthn &y mwiam dBpgnsogh idda ngS ﬁll‘ applatdeingys vavgem bell
. _pu not 0 . The conde on supstrate
Jar%%?qgéssaego 35? 54 Y8 ol a 88& ofte BT a gt ot A mfutes
AffHAELAs QPR thd BUELaP wak V&R@d i%o%ﬂ’l@%e £RANNOK ﬁg q’@eﬁ'le& ®htb B&yringe.

inorganic or hybrid filminclu an optlona | ayer or
Tht ayreres was makged drea yringe poaipedd solsictedtte amerognirérigivdporator

v iR e BREF FRb oo FhoPLo B A PO Mo ala TRRIRLF AR NG

PRICGUESS ES2POE/ BRI0cAAOUSE, rmcd:pyw%) @B~dhe lsbdbal hasaBEduBE the
met hods such as roll coating (e.g., gravure roll

cogteyathicrigfya(cthpky) thansts was pwnpaside élye dordcnat g Boyjrate of 1.0 ml/min.
Thg Iﬂ%%/ttrau% %ﬁt&&gﬁ@%r ?g; ? g%olnﬂ%# was fl(grg ér{cl?fl\‘?léeﬁeﬁ%glrogg atﬂtgnate was

atoahzai ﬁa&) firgy dreplc3yanti Ifasth eﬁp@ﬁ@d‘cﬁbh@ﬂthe dapists capasid thohot
and crosslinking of a mononmer asdescribed above. )
evaperaer vl ssfase (h'R). élawwaa@reﬂ% Avikasas | (Hlﬂ’@hé’uid@ spyit@gfdag and

coﬁ'd:rﬁse nstﬂg b%t%{e% Z%%tlea llt?eys efd ?fn Gas %P%e é)rocess drum

at I e ac noner
ten@FERAtA8Fhs 158°F. The condensed layer of tetra(ethoxy) titanate was immediately

exposed to water vapor in the vacuum chamber to cure the coating. A continuous flow of
distilled water vapor was introduced into the chamber from a temperature controlled flask
of liquid water held at 80°F. The chamber throttle valve kept the chamber pressure (mostly
water vapor) at 0.95 Torr.

The reflectance spectrum of Sample 1 is shown in FIG. 3. The cured
organotitanate film has higher reflectance than the uncoated PET substrate, indicating a

higher refractive index than that of the PET (n=1.65). From the reflectance data, the
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For sone applications, it nay be desirable to alter

t he appearance or performance of the film such as by
WO 2000006275519 a dye containing |layer to the i norRB@mnus2009/048996

hybrid film applying a pignented coating to the

surface of the inorganic or hybrid film or including

a dye or gnent in one or nore of the materials used
thlflﬁleﬁ%f!@éi r@ﬁéctwﬁdw&‘érﬂf ¢heofilnnyere @lauiaten tofaseabayied2gpm and 1.82,

e or nore selected regions of

ra@%e S é%%?ﬁ#?gﬁ%%%fgp%gﬂbortlons of the infrared,

ultraviolet or visible spectrum The dye or pignment

used to conpl ement the properties of the

can
EX?W@iJ%r%FtWB}TEaWtFm A particularly useful

[ |
PR St LTS 9 AR RS L R

with0Bd fB®988e chEngss: ITay eoatp@rmdseridl awira@thody) eeoatasvarhandled in a

RS0 GRETRA e PO BTN
exRAEIREANRBEHE c CnfdturNAIrAR Y dedada iy syMic8 ﬁHadlﬂg‘brM@Usy The water

the visible Iight transm ssion as desired
vappdayasicentimfously (ipwing it theeeatsoeamticayiara mas féivs eortpieller (MKS

vAfFEhaf ety O Grt B P e abeatt o hen f0°r. e
evapoditat ﬂeﬁl@eragrg‘ Qlas DOOPEt NGRELenl AY §ag 119f0d99&f dsrhg&rrtl&%tas in the

can be added to the inorganic or hybrid filminclude
evaporapt dtarfiw faaq/eﬁ67oscctna§F be SJHSUaMK@?dchB I 7 fpoh. & hephm®ttle valve

he up a of th
kg hinantes pieoSir b Jop lowtinesefselipar foffe b dpknggy and
reftRBvPRAELEE ihk %Hnay&é cé?l@ﬁ'lai%@ t@BPhDAA 79k EhcCO8Y, @Bk aRly, at a
coating nethods such as roll coating (e.g., gravure

wapelengtb@a67hg; spin coating, or spray coating (e.g.
el ectrostatic spray coating), then crosslinked using,
for exanple, UV radiation. The protective |ayer can

Exahgﬂe Del‘eft@zf(i‘@ﬁr@bx?r) fi&lhatyvapor ati on, vapor deposition
crosslinkin a nononer as descrlbed above.

Vol &t li)quezsé@éls@bs(tﬁ?@t (Pukenith avamepBprung e rsefeduts| o Frample 1,
Wlfﬁ‘;t_ﬁe gﬂlo%\}ﬁ‘f@clﬁngéso AR aéﬁ 9%%? 1WA t%trggsﬁoék@og}r) titanate (DuPont

ment ati acry at € non

Ty@(b’[’pTID]S/)e"dhe pﬂ@c@ss@hhﬁrterﬁpﬁwdtermm 63°AUld Plapoifatdr tENpERE@re was
y the invention can be joined together to forma
100 & Thasebsstarospred was Thepn. dhicribiottleseal vckapt iechpmpenessure at

1.0 TREME N huRe e mRRECed R At SaenopioBEln i tagge data,
theRBickRERRAd HFFQGvdRAEX 6f the TRHSKYTE cal Whic Fe(abé YoouR8hasi M 1.89,
materials can be used to join the multiple filns of

respp@ivelivent i on. The adhesive material can be any of
those known in the art

Examples 4-6. Tetra(n-propoxy) Titanate and Tetra(n-butoxy) Zirconate

A polyester substrate (DuPont 453, 2-mil) was coated using the procedure of
Example 1, with the following changes: Two monomer syringes and syringe pumps were
used, one containing tetra(n-propoxy) titanate (DuPont Tyzor NPT) and the other
containing tetra(n-butoxy) zirconate (DuPont Tyzor NBZ). The syringes containing the
alkoxides were connected in parallel to enable either syringe separately or both together

(mixed as liquids) to pump material to the atomizer. The evaporator temperature was
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that are suitable for the materials to be joined and
the final properties desired of the | am nate
wa 010002162, for exanple, pressure-sensitive adPEBUY®E9/048996
reactive adhesives, hot-nelt adhesives, and heat seal
materials. Particularly useful are optically clear
adhesi ves such asthe 8100 series of optically clear
275°é]nTrhatr¢rn§n@@I1>é@,qeerecqnd@mnsmoah@|g Bnekposgmdaplractiar fiydex for

h f h
Exfinf A SR ANk BT Lokl et o5 T wht o a1

parts, percentages and ratios are by wei ght unl ess

otherw sgapiaq! PA§&Ss Cohditivas 2bd @'o‘ﬁhﬁg Chakfderiftion

solvents and reagents are available from commerci al

Exsumppt i eDuePentcFyzas [EDuPonuTRant | dEilempur Caasimgany| orCoating
ANdridh SRhfFmat ConmNB® FldxanplSpeéd Tet dadet éfoxy)) Thickness
Ti t angt Raf (nflimin)i | Rave@nliminyed Epap | etRetRitloaxy (nm)

tytandte (Dufont Tyzor Kl) usijng @ vapor cpgfer 62
simldr to the codter illustrated schématically iln

FFG 1. TheO.éubstrate \,Qa@% a 4-m' | 1@ hi ¢k, 1B7Inch wi de 183

nalvadt ar P=S
L~

{ P DAant rr ot hao hao
T \ rUTTt H'JH'} I LIIC I T L J 9O Uuull LIIC
cOater|, the “substrfate \;\ég pl asjma Weat \I\I?J?‘I tler 165

vapor plasma at 0.3 Torr, operating at 400 KHz, a net

peed of 40 fpm

Ex@@;ﬁﬁ eﬁ%@) ?Gg’,r?gltlgéd\}ggesdl spensed into a glass jar

and Ap}b(ﬂpfﬁsd:rlsnlbsbra& (Padoutd Sde Hmilawas @ated egmgshaprocdduee of

bel] j ar. s.evacuated to 012. Torr f eriod of
Exppliih Qe RoarngResy ge R Tatterisl v (S SHRndey)
zmt:cﬁw g&ﬁ&l \6h2). 31 b ragblqﬂéfn clafREGds bR qh@gﬁﬁs@@% line speed

T nge was nourte syringe punp an
was Orinfpat. ddle ﬂlqulzdr‘il" }&bDNPZeFrdvem&qawaﬁi 06 nﬂ&tmheﬁheaﬁlrottle valve kept the

described in FOR ATOM. ZI MATERI AL F
hWPR@WR@E:%éCS’ES ¢ PEPRESIOAReHeuaomizer tay 10%5com. From the

refledlaf 8 88),thEDicknBE SAGORL LRSIk R It Were R Bked thBE about

tetra(ethoxy) titanate was punped to the atom zer at a
82 fahoamdr la7 % respedti@lynlal srivaveldigh bf 560 mat e of nitrogen gas

to the atom zer was 15 seem The tetra(ethoxy)

titanate was atom zed into fine droplets and flash

Ex@HpiQr el @ dr R A-propoan Qﬂf@hﬁtec and aetdfethbey)Mtanate

evaporator wall surface 500C). The vapor flow exited
a 1@@@@@%8@@%&%@@911 5é1 amdilowrrdeated aspg thprocedure of

e O] oL, 3P8 Bl Sl Tl s v

usédaysﬁer caftaihi@f rtafaQﬁmepp);y) titcanat €DWRGHt i TYReONBZ Band the other
osed to water vapor in the vacuum chanber tq cure

coqtﬁ]@m(gotg‘rtrq’t(ﬁ’@oxﬂ ttanits dopient yery Ko The syringes containing the

alkoxides were connected in parallel to enable either syringe separately or both together to
pump material to the atomizer. The evaporator temperature was 275°C. The coating die
was 12-inches wide. The substrate line speed was 12 fpm. The nitrogen flow into the
atomizer was 10 sccm. The remaining process conditions, coating thickness and refractive

index for Examples 8-10 are described in Table 2, below.
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distilled water vapor was introduced into the chanber

froma tenperature controlled flask of |iquid water
whelidoea7s8O0F. The chanber throttle val ve keptP@TES2009/048996

chanber pressure (nostly water vapor) at 0.95 Torr.

The refl ectance spectrumof Sanple 1 is shown in FIG
3 The cured organotitanate film has hiagher

refl ect ali@laslechBﬁoqeﬁﬁeCmlréitian%amb@vaﬁugaQhﬁa%@erization

1 at I Ii%g% 't“ gIIEI q1tij0nflbl I VWZ{ léié(ﬁgthl I darll ('l:1 g t 'anting
%EF rom p at a t kre .

T 3:# I c‘frl)NPi nd f%ﬁma\/\é t) gal zﬁéeigl to%l ckness
about Euﬁ]]{@fﬁ ] I/m :% e(t|vel y at 48 SN 'ﬂﬁtr

&600 fa¥val a a'I- hnvu\ T| tandte A nnl \la +
\"A A4 A~E" By

= uvy TC—7

sﬁbst I at e0(6@ Pont_ 45IQ)1I8§Vas coat e§13(h3| ng the1 Z‘l) ocedu
[

0) EXANpl g 4k W Tig5ort Wi N0, anges:  T[1gg coat|i
mat er il al , tetra( =t hoxv) titanate, was handled in a

nlOtroqen p@ﬂ@ed gl ove-3dx with vaduum capabl I74ty to 79

avanoaco

dcgaa L IIC I I L{ul u alld v’\ﬁa IIUL CA[JUDCd L al IIUD[JIICI I La
nmoi sture durlgt?l t he degas and syringe, | oadi ng process.
Exgmpl BP‘YGHB oxydlox ?%Eﬁ@f‘e}/‘t@"d\)ﬂﬁé‘“?% o the

co a%ﬁol?&m%sﬁéﬁaﬁlﬁfﬂﬁﬁﬁ A4 h W eoRd cro‘ajteldeasm? VESH ¥ < of

at a flowrate of 1000 seem The process um
Exampise), atithrtbe fwdowdigDehangere Twoapommarrsyn&gqs@nés}am@e\mps were

R0 2R BASSS L DL SRR, CBELl ST 998
tetﬁwﬁéiﬂhﬁnﬁﬁq@@%q vedr ET). r:me pbRRlih&thetsiiexMRls ﬁn hs

t he chanber pressure at 2.0 Torr. Fromthe ref ance
configrted te He atemizRinge ¢ capidlarefibadihcvesraletbiesy) élﬁartatvewqis defivered

frofFths s 1? e U(I[ ﬁ%%o fe l%ne[era bouél{ 7f9 th{r;1 ﬂ]g %}%ora?o%}na a ?aé)ll?ry In this

resp e wave

wayeﬂhe &b s&pﬁ@epmqmas Wbﬂe&i&ﬁb@ed\seﬁﬁhﬁﬁij‘ [70:1)) tlﬁdmpératoe evaporated,
(gDuPont 454) was coated using. the procedure of Exarrpl e
an rmwdtaﬁ lQW STISHITE FAPHY PERIRFEHINS AR CRAGRL iy CongPRY qnalmg and

P T
ool 06 GHARP TRk GBS L 38 ed Tl TR 12
1ndh€§ﬂ%)ﬁfea1flﬂ¢’ Bqid o AQHEEhoxhRBo:sb Slokaila: 19 REEStoM@Rr %S DIQHB
The throttle val ve kept the chanber pressure at

ml/pgjpand ﬁw@evaﬁe@pxb)atﬁgnm ﬂgwaafﬁrt@fheeeé@mrmor gas VWeié) { ml/min. The
suﬁyt il 38R e@%@ T@PI tfﬁﬁle %ﬁqag'renﬁ ?10%5?0 nhQé “v{ﬁ%%%caﬂ%mm

ract wer e ca at e
theabﬂetttarﬁﬁ datn tedhitkiB3s anesifactveiatyx of the film were calculated to be

about 175 nm and 1.50, respectively, at a wavelength of 1050 nm.

Example 12. Methyltriacetoxy silane

A polyester substrate (DuPont 454) was coated using the procedure of Example 2,
with the following changes: The coating material was methyltriacetoxy silane (a solid at
room temperature). The material was melted at 50°C and loaded into a heated syringe
(50°C) after degassing. The water vapor pressure in the chamber was 3.0 Torr. The water
vapor flow rate was 2000 sccm. The nitrogen carrier gas flow rate into the evaporator was
200 sccm. The substrate speed was 10.9 fpm.

The reflectance spectrum of PET and the film formed in Example 12 are shown in

FIG. 4. The cured methyltriacetoxy silane film has lower reflectance than the uncoated
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Exanpl es 4-6. Tetra(n-propoxy) Titanate and
Tetra(n-butoxy) Zirconate A polyester substrate

W@ DuPom753153, 2-nmi|l) was coated using the prockPCUDg2009/048996
Exanple 1, with the foll ow ng changes: Two nonomer
syringes and syringe punps were used, one contai ning
tetra(n-propoxy) titanate (DuPont Tyzor NPT) and the

PEdtsHbytrato indicating g lower igfiactbistiagsy than fhebafdhe PEBYPOROS). The
thla-lé%g’sr a a'g?ractmqn rdf @lgeecc‘oaﬁﬁg ﬁq crtﬂa. %ﬁ&ﬁ tff'é Il%ﬁ)éétgr?c% d’a\ﬁr Svere

connecte IeI to en e elther syri

abaepat atrednyd 1045 , nedphctivetye hhewa(etenggld 08360 nrgui ds) to punp
material to the atom zer. The evapor at or tenperature
was275 0C. The renaining process conditions, coating

Ex&ﬁig@é‘ﬂ?%t%&hbﬁ%ﬂﬁﬂa‘f@ ahd %@E%]@é@ Bﬂtl‘ﬁ%glﬂvc&a% e

cribed in Tab bel ow.
Tet Aafalygtas soboppteZiDudontd B8, Ampid) westogtedssingtthapmcedure of

ExpRliey &0 I R Gof H TERARG LSRRGS PGP ps were
usdiBbRS EcttaiiRg t&tRl( 686X RIEARAXuPShI Wﬁer)rﬁﬁd/ #RMothN¥Pédntaining

The evaporator tenperature was he substrate

ethlvlqnegls:géédstmglygolatef(StﬁmaFﬁédrlqh&} lﬁ hg syyizgas cNp@ifinsilc alogides
Were Cc'onnecqg)d 1 ﬁ%alqel toTpn%J?L herlt%t 1{ S 1nV9 ls%’q%ra‘%eelgto%r Bot? 8geac‘m%o pump

pressure a

ma@érfamoztﬁé a’e@ﬁz@r%ﬁ@%oﬁ'ﬁ&%ﬂlﬁ@aﬁ&f WELIPNCETHAtGutink AR was 12-
t hi ckness and refractive index of the filmwere

inchey wideat kailiquid b@raé@my) &zanﬁm fivdrate was 0 Parlpat dndghgliquid

eth.¥ etne%\lzlcovlems%ﬂ%éé)co pte Co(% 5 ewas g qp.ll;n]? T%F] (S)l)l(]ﬁi/&}ratl% l%ne sg?ed was 16
fprA\ Pl wasit @fpos BbGtra@titto thufenibed bds 2@00@0'01)11 Was niz@atedow into
using the procedure of Exanple 2, wth the foll ow ng

thecriemegeswasy sq%h dienitgagen ﬁg@§r scflay it s apRsatopaiag 200 scem.
Th%J ﬁg( ?Sn%?i?g 1H(96X a)q{tlgeaé&tlﬁé %%Ya)tedzﬁé;rﬁQMeﬁectance data,

e otner contal ning
wetedtoaf 87 hovapyl 1182, mgtc&w@l@uﬁimtvaﬂ'qk@@th 61635 ﬁﬂne syringes
containing the al koxi des were connected in parallel to
enabl e either syringe separately or both together to

ExA St fid A Tét‘i’a@:hﬁ)x@ ALl anﬁhﬁrlﬁféﬁngfﬁﬁﬁgﬁfﬁol Dlacrylate

t enrper at ure was The coati ng 12-1 nches
wi dé\ polestes shisttratet @ulPonied p d exil wass CDZteﬂpm mThzernple 2, with the

fl|troenfl nto the 3
olfoating Al e Do tioobithr s AR JUr RS elraLet.pg containing
tetral @étﬁ@@g 'tha@laier(%Poﬁtol' yZ6X BMPhRSth8 vifr 86Raid BB tb@6kei0h 97%

bel ow. Exanpl e 11 Pol ydi net hoxysi | oxane and
triprepyleregiyeekgipcryiatatfartemar SB+3063 tred 3%uthetoinitietor Darsat™ 1173

(Cl%gf Tn éﬁa@lﬁlg Mﬁﬁe ﬁ&ﬁh%&eaﬁﬁé ﬂgmtb%%l Eyrrgl%géj WEfe j 81fned together just
before entering the atomizer, enabling the metal alkoxide and acrylate materials to mix
inline as liquids prior to atomization and evaporation. In example 15, the liquid streams
from the two syringes were kept separate. Each liquid stream was directed to a separate
atomizer mounted in separate evaporators. The evaporated metal alkoxide and acrylate
materials were mixed as vapors and exited one coating die prior to condensation onto the
substrate. The coating die was 12-inches wide. The nitrogen flow into each atomizer was

10 scem.

-21 -



10

15

20

25

Exanple 2, with the foll ow ng changes: Two nonomer

syringes and syringe punps were used, one contai ning
we019602183 hoxysi | oxane (Gel est PS-0 12) and t heCOUR09/048996

containing tetra(ethoxy) titanate (DuPont Tyzor ET).

The pol ydi net hoxysi | oxane syringe was connected to the

atom zer via a capillary tube. The tetraéethox

ti t dRaren4iage perdeyetaditionsrropties Syakppendirefastivg indgx for
Exgutﬂ leF h gﬁd ?§ Vga(kscr%edtlg ?aﬁlg% RUARRLARO an\f*ng o?sagnple 14 was thick
lary &t wo reactive | qui ds” were
en@l@hl ty hamjtvx&ﬁnﬂecatoal mamma n thespestap gt 650-12¥@par Ahex two

and m xed.as | ow pressure vapors to eX|t| ng the
SCRAEAE FHE %eﬁl%ls R GStE B BT ECHYE BHE ant ﬁhﬁ%n% Wig performed on these

dat%léﬁéBBﬁtc%lcuira!ﬁ%nﬁﬁ%Qchoff‘&é?irmtT%BRef ature was 275 0C. The

coating die was 12- i1nches wde. The liquid
pol ydi net hoxysil oxane flowrate to the atoni zer was

0. 938 m Tabla3aPehcesseComlitiogeiibCyating Chnpdceeridations at e

to the n\/:\pnr:\f or—wall was 0 1 M/ mn The substrate

Ilne speed was 12 fpm SRT:ﬂ’é trogen fyvawe-i Nt o _t he Coati
Ex@hpl¥l [ZOhixik@$ TygorsEE Doresre ne Ir"é‘fl eCleRgith e dateptingne Tohiclll(lfg
Nb! ckn@gean&”‘?véf%tﬁct V] Ifl‘hvfﬂe SRSt e, finhsm | wekdex of ness
cal cyl ated {d"™H&ighqut g i SRV 1. 5@umy eqpBeF?IOPYl  (nm)

12

=]

at _a wmavel ength of 103BYHHR l:ya,gj_e 12.
N8t hyl Lk et o%§37si 1|land-W3pol jester| subiStrate (BhPont 181

424) Was coated using the procedure ofjjmxanpl €125 W N 160
the floll owi ng r‘hanm:Q' The coati ng mat eriall was

A8t hy| Mepeicet 039 si I|lane Ula so i d6at| rothn t gnpedddure). 108

The nateriat was nef ted at C and foaded into a
Sl wat er
Exaﬁlz)ges g6r ix{rapegﬁo i %er Wad; Pger% 60e?lgyl%rg a Wg &1 I\’/%{Rgerrythrltol

Tridcey]rafeate was 2000 seem The nitrogen carrier gas fI ow
rate into the evaporator was 200 seem The substrate

s peé\dqul&%stemu@ﬁﬁm@w?ﬁét 13 frapilamesecodisd asingihopropedpre of
Ex%ﬁqletzh Sifh BW?F cﬂa‘ﬂ &Xaﬂ% o?lgm?f %mﬁlggé’@r} s&gﬁé&mﬁps were

e cure yltr acet oxy silane
usdade bh@mmmnmg ttdstmﬁethbv@r) uroaat (@oiPhit Bytos EMTated therother @bntaging a

iSOG 3o PO LS 45 Bt BEER bd B gy brit!

trla{%gﬁﬁt'eregan EQEICWS@(;aQQO(ﬁ PRIAY BRd Bef MHREiAMG R BAtdur Wﬁ%Clba) The
about 131 nm and 1.45, respectively, at a wavel en

syrofge¥ @@rencmnnwachpi merd Bl toTetabk(ethhiosyngd berarwtle oahdth together to

PO 55 SR he S FORSICTRPRET ha ol bLedir Boums i
waPI 8RS SiddMThE 1N 1bt PYIRY, GRADEES 67T MPNITR BAITRE liquid

syringes and syringe ‘punps were
acrylate mixture flow rate was 0.075 ml/min. The substrate line speed was 8 fpm. The

nitrogen flow into the atomizer was 10 sccm. The thickness and refractive index of the
coating, calculated from the reflectance data, were about 161 nm and 1.96, respectively, at

a wavelength of 420 nm.

Example 17 Tetra(ethoxy) Titanate and Darocur 1173
A polyester substrate (DuPont 454, 4-mil) was coated using the procedure of
Example 2, with the following changes: The substrate was attached to the process drum.

Tyzor ET (8.5 g) was mixed with 1.5 g of 2-hydroxy-2-methyl-1-phenyl-1-propanone
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used, one containing tetra(ethoxy) titanate (DuPont

Tyzor ET) and the other containing
werdrghea1ey)l ycol - bi st hi ogl ycol ate (Si gma- Al dri cPQT/US1969/048996

syringes containing the al koxi des were connected in

parallel to enable either syringe separately or both

t oget her toEu material to the atom zer. The )
(Dapgyollds drom H%Erﬂa&he néragss-ravEsdedoveTox. pidefttp yacwinedegassing

SR de T e " v : _
anc%ﬁ)g\(}\;ngg{?tgﬂ\}\%\ﬁﬁﬁlgg 'ﬁfe/ g&b%&'ﬂé%g;% é}@'cfsﬁ)g%?xﬁi t)rea'ié(itmg Svater vapor
plasinhyt & pegiuyre of 3010 wtdn, eglteroapat fovlatve frs@0 acamsncdpthsma power of
mrn. The sybsirate |jne speed was 16.fpm . The water.

60@'\1_9/&6 @r}quawcm%éﬁf) W v ﬂaﬁ%ﬁ‘é? AR T3S 18k L ATunT g olution
withl thé 89&8le %ﬁs‘gi’ﬁg’ tHE Blabig s@IreThEZRY oW P {12674 8ma & itment, the

nitrogen carrier gas flow into lphe evaporat or was 200
evapeedtor winchdatudaé 86%C anithe pfacactdru@ tempextuod whdeet to 61°F. The

coating,. calculated fromihe refl ectance d . were
chagplesiit a8 711 Ve v Al APOF @H LGSR Q2 PEpSC a_ﬁ%@ﬂéﬁ@wﬁh afvater
vafb FoRdF %@%ﬁ%n%ﬁ nfRfker go&ﬁaffﬁ(ﬁmm thPakgm%leanfand

Tri propyl enegl ycol D acrylate A polyester substrate
evipouRont Thisebatidg diclyaswadsinclpatvede. T liguiddyepl BT 2nd Mitdour 1173)

the foll ow : . T d,.
flogyicngs LR e BaRE Van@ dchba MengPeerbrdicgtpypeed of
15 thrh 38t RvORMBRRS condée thd liq@l dayleP8f PYRRIETCAHABArBERA 183, Then

m xture of 97%tripropyl eneglycol diacrylate (Sartoner

thegRoaB6 jiruany2gheattrbodish i wnsktbe cibenker prossury inc1R@ed O HAYrr (with
a ﬂ!or\}v oefxf’b'aﬁlsgc 1‘\)1Vatetr r\]ﬁ%ollrl a%HbqOSsE g %%521%)9%9 (s)e%ntrl]%lg fal R9558ed to this
Wer e Jorned together just before entering e

cotlralg 86w of Rakdrivagortfbe3 MelidlteaTkoriice ey uhdacfrydtat éndex of the
materials to mx inline as liquids prior to .
cogiingnfaleitlatedh rapvthe veflssraaes e#a, weie ahagPamand AR rpsngetively, at a

Wa%lrelﬁég%fgﬁ@ﬂ?nt he two syringes were kept separate. Each
' q streamwas directed to a separate atom zer

nounted i n separate evaporators. The evaporated netal

al koxi@de an&ﬁacrgl ate materjals were m xed as vapors
Examplely Teatsthoxyd datangteimeMsialized BELondensat i on ont o

h . ; o .
the A%?és}félri‘tsﬁbs_trmbe(m%ﬂ M) oS c¥REd &ﬁn%ﬂ%g)g%e%%eof Ekfiple 1,

nitrogen flow into each atom zer was 1
withghafaliomgngelooess Wwersubstiabnsyrfaco atas sppttehicoktad vstharttin layer of
ref.ractive index for Exanples 14 d 15 .are descr.ibe
chiof i E) DIRGTE (PRATSY RE SO PAY) B DRHFEn P Ddgralcthoxy)
titdnBieCKo %ﬁﬂh&%liﬁlm&m%%ﬁ#ﬁ@d b@BreTBX{if¥Batk Bodth. The process
spectral range 350-1250 nm Thus, two separate

drupa tempeaatingrsast2 ° B sklieraesurcaff it watgeviped exthagbamber was
d.on.t hese dat.a and both

co ttlgqil%E R(gi ]SS oﬁ‘g §¥ @eeit rggtpcg\éaévq. rﬂlq- N s&ra@_hne spced was varied between 13

and 30 fpm.

Examples 19-21. Tetra(ethoxy) Titanate on coated PET

A polyester substrate (DuPont 454) was coated, as described in Example 2, with
the following changes: The substrate was a 5-mil thick clear PET substrate with a surface
coating (hard-coat formulation containing acrylate materials and SiO; particles). The
gas/vapor used in the first-pass plasma pretreatment was varied: in Example 19 the gas

was nitrogen, in Example 20 the gas was oxygen, and in Example 21 the gas was water
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Exanpl e 16 Tetra(ethoxy) Titanate and
Phenyl t hi oet hyl acryl ate with Pentaerythritol

waeileoe75at e A pol yester substrate (DuPont 454PCHURI009/048996
was coated using the procedure of Exanple 2, with the
foll ow ng changes: Two nonomer syringes and syringe

purr%aﬁ]vvere used, one cont ai ni n? tetra(ethoxy) titanate
vapapy Bantubstjate spactorthe tqtreéctha g ltaéléwtdép%m@l ¥ayd & fgp-elhe liquid
I l-acr -
Tyg%n%grg\ﬁr%s{%ldﬁ@g%%Ijglt%ég @ég‘ﬁ st er RI}EEE%% e%‘ga&% seem.
ThPedAngatielwdyd phathes widel Fhorefldetoaiupediia/d th&sdraples o

syrjn re c ected in araII | . to enable either
EX%%‘P‘%S@% QF%@%SWOE&?%S G-80 punp materi al
to the atom zer. The evaporator tenperature was 275

OC. The coating die was 12-inches wde. The liquid
Exampde 22E1Tdtta6whnwz)eTim§1te)w@hwmyrmrnamtt he |iquid

acryl ate m xture f a 075 /mn, The

Subd Pt e gisUsPRREHS T VR ESwr pOBE eSS
Exhigleal, QihZRE fOMRWiHOCIHASEN: Tfﬂéeﬁﬂstzéa@kﬁﬁ&ﬁa prgrch@icnasdd wa

i ndex of the coating, calculat fromthe refl ectance

nitegeR, In\ﬂ@ﬁr @carbbmss,ﬁbqthﬁmla ivelve kog, the elmeler prﬁéwe (HtO mapor) at
3\.1_\? Vrg l&g U seco r ochﬁ?u%%g n%lltgr tf117 e: ?I(éeg ed S0 a%rate was exposed to
U\ ﬁJgitRcmt anﬁm sébomié Jin ‘ﬂ&sprés(éﬁbee@lf Q3 Tog Wdter wpooeshuicdiadily before
le 2, with the follow ng changes: The substrate
thevsﬁ@a(sﬂlpér)rféanatt% dengsitign o Ewe dOMPIRFPUITYIEPUIETIY BImps gyerqussd,
t
pﬂg}]}é%h%‘ﬁg[h%élg;ar%ilgég]foggr%ne%a@%;s arlldhzeﬁhrﬁHWavelengthS. Also
in thletse@mdm)asn,l tigedagt euisstlatxyagxiposedtto O\iatotu matte galsc&i phgyma (650

W RS Torasboutl Gaee s inedfioiupBre Gipasiar al b e The

thlélinegsogld%f%ﬁé'twe"i@de@(rof‘ﬂ@epwatlflﬁ %Mc%la@ecpifrorﬁ% &ﬁ@éﬁm&%ta were
pl asma power of 600Wat a frequency of 400 kHz, wt

aba @S mnoereksk 78 respeetotedy.i ng for 1 drum revoI ution wit h
the sanpl e passing the plasm source at 40 fpm After
the plasnma treatnment, the evaporator was heated to

Ex3Ripis 23076 T&Qa@ﬂﬂﬁ@?&ﬁtﬁhméx@ﬂg,{-@éﬁé&PﬂqS set to 6 1
F. The chanber illed with water vapor and

ni t AoRayestas sabstiatesSuPentotS32: pmitbwas gpated a8 falewy: vapor
f OWO? e}rn%&)sgq WSS Oc{%gﬁgor?ofdn %C%g%{% lg)Le?VﬁsﬂIr% tﬁg foﬁf‘ao%é k&ﬁlgnce

Zer an
and-&epo@ﬁﬂ@ﬁ&u%@%quﬂﬁ%nﬂ aanpaﬁhn(eTMzor ET and Dar ocur 1173)
flowrate was 1.0 mM/mn. The_sanpl e was rotated past

t he T\l;gagylaéq)@@‘geﬁél Yied g}gxtgresoﬁf@é)acr&f 130 (Cytec 73.5%) and Lauryl
Acrylate (Sartomer Chemicals — 24.5%) with Photoinitiator (Darocur 1173 — Ciba

Specialty Chemicals — 2%)).

The flow of acrylate mixture was 1.0 ml/minute.

The evaporator temperature was 275°C.

The drum temperature was 25°F.

The substrate speed was 34 fpm.

The acrylate layer was cured by exposure to UV lamps (2 low-pressure-mercury-
arc lamps emitting 185 and 254 nm wavelengths as described in Example 22 and 3 low-

pressure-mercury-arc lamps emitting the 254 nm wavelength only).
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15 fpmfor 1 revolution to condense the liquid |ayer
of Tyzor ET and Darocur 1173. Then the process drum
woerseased to 150 F and the chanber pressure PCUSASB 8996
to 8 Torr (wwth a flow of 3000 seem wat er vapor and
210 seemnitrogen). The sanple was exposed to this
conti nuous flow of water vapor for 30 m nutes. The
t hi SRMEPIssatEpaeteatngyt qf sadaccoras wigh No atasmg at 0.3 Torr, power
the reflectance data, were about 79 nm
etgﬁggq\.wg%ﬁ@?(fei%g%tlvel y, at a wavel ength of 600 nm
Ex amoh‘er s Tevasd( Etlimopy/postFetranal @ flon oVedladtéd abstrd?ETeghons.
est er s bstrate ((guPont ?qi% was coated using th
pr o Q8GF Easé EBSRBYE dEPOsAiiehok HEompin Byt diRRggERosphere to
pro% asé!@t(L@tﬁlnﬁ%;te%?sél‘@c%eoﬁﬁ%&ﬁé régg%&?&e\maﬁolb A vkl
ayer of  chrom'um (~5nm) prior to (1n a previous
coatCeatepamﬁ wiser salb[stlratca:twm«hpm‘s the tetra(ethoxy)

titanate. sur t.r eat nent

bot SRgef s P e B Rttt Ao b ke regions at
Oﬁm%&bﬂlfaﬁidm\ﬂz&%()k s& Easten &hedw) he wat er vapor

in the chanber was controlled to 1.5 Torr by the

t hr &logteepasaloweas tTtie ckhalyph ttanase d¢melt@p @emgmprvaﬁrdue@jof Example

1 SRR 4P, AR 4l B OFBP Bt P S he P sty

imARdhtapflionaietic daﬁos@t&ﬁlc:zrolnbed in Exarrpl e 2 vvuth t he
foll ow ng changes: The substrate was a 5-m|_thick
cl edeblpEpugimzeathe nipecrsiag senditinns feloaemmles @3- coat

formul atlon contal n| ng acryl ate rmterlals and Si O

pal I.I bl Ub) IIIU ya UDUU Ibl'pdbb
pl asma pretreat nen?fwggﬂ\/% FAEY: ?'h lg%shpl e 19 the gas

was nitrogen, in Exan'pl e 20 t he gas was oxygen, and in

ExaiRpie e XBampree 9 ﬁé’)%ﬁ’%tw-@i’le AYOPUsMLpre-treatment
0Eed | RetbFénct ©) r% 19@% &t&g&lﬂ&ﬁé posrbuo? té’l\}i;f(ee&l%xy)e

fpm The lTiquid Tyzor or
The niftrogen flomlnto zer was 7 5 seem ‘FFP]

camting di eLwas 12- |nches VW@Ie The ref| ectance Yes

sphectr of the samles from l:vnrml es 1 21 and-the PET

= =+

port aréMshowh in FIG Q[esExan‘pI e 22 Tetra(e¥Bdxy)

anare wifh Ovipretreat g, A p0| yester subsrrrNoe
(DuPont 453 2-m|) was coated using the procedure of

Ex@nple 1, ®ith the fol |l owiyeg changes: [The first Neass

S nifrngan Iln the second

pass, the throttle valve kept the chanber pressure (H
@\pégpzﬂ YTesxa(ethoxy) Titanate with Acetic Acid/Water cure

A polyester substrate (DuPont 454 4mil) was coated using the procedure of
Example 1, with the following changes: Two monomer syringes and syringe pumps were
used, each containing tetra(ethoxy) titanate (DuPont Tyzor ET). The syringes containing
the alkoxide were in parallel and each operated at 0.5 ml/min, generating a total liquid flow
rate of 1.0 ml/min to the atomizer. The temperature-controlled flask contained 3% acetic
acid in water. The pressure of the water and acetic acid vapor in the chamber was
controlled to 2 Torr by the throttle valve. The thickness and refractive index of the coating,

calculated from the reflectance data, were about 49 nm and 1.92, respectively.
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0.3 Torr. In the second pass through the coater the

pl asma-treated substrate was exposed to W |ight for
W@bwovonsseconds (in the presence of 0.3 Torr RMEE/E82009/048996

vapor) inmedi ately before the tetra(ethoxy) titanate

deposition. Two | ow pressure-nercury-arc |anps were

used,ggqeneratl ng UV Ilwght W t hﬁgrl mary em ssion |lines
Exampig28. drpteaiethoxy) hitanade 82chywn¥ater) so in the second

rar S SLAWRUERLR 48 BIBPSFL bpB e
Ex&ﬁpk&{ﬂd mu&lrﬂm ﬂjlbmﬂlg/cl?aﬁlger Thepesiuté mpe?ﬁtdn erapc':rtialtl&t c¢hamber
T ctive index .o e coati
wag a&&m led do S?ZWE% S bdfle i d ﬂa nigknoyeang TaBRGIVCARIGHAT the
cozﬁﬂ% daldfated %H%E rMRlYncESATRI &8 a‘go?ht 26 nfehd {86 Hexptively.

anate on Ox- coated PET A pol yester substrate
(DuPont 453 - 2m|) was coated as follows: Coater pass

t | | th
ExE G Lepemadvatiatalsuf Fante Wt BrbRent anc
par angi|eEstor siﬁls}seraeeqmlpahmm fHill) Has BSe@ WX ERMBIOD, with the

Ebecryl” 130 (Cytec - 73.5% and Lauryl ‘Acr yl ate
fol{oSang olmmge ChBlm eyapsrator Zﬂnwatuw wis PO€ ol ¢datingdie was 12-inches

ocur 1173 a S t cals -
widq g eter SAgetlon ey cOtiEased. SR Tpieti of tfoplisod arrer gas
cnt@MAP Ml BForhBFRAS DY SR mVahe 248 sfed W@ 1dpMMThe ressure of the
tenperature was 250F. The substrate speed was fpm
watherapairiy e hamigewaseasicd s eerotedar Joblardebelowuy | anps
(2 I oW pr essure-nercuryarc | arrps em tt| ng 185 and 254

EX&RHplee NIt N I‘Pﬂ)y) awe“p‘ﬁ,gﬁn hplsma @midgq%@?ef Of  Coating

%ﬁﬁﬁcsin%&i{kh ploat er XS(ES Torﬁwﬁﬁpssewﬁﬁkness (nm)

p”"t ctHe—=at ot ected—substr 1 cgi oS
ngt er | pass % was sputte?godeposn tion ofc{lbghr om Umin &
Og{)dl zZifng atfgmsphere to PrPVI de a CfQ(l(g'Sl -2nm)| |

in sel ected substriate regions (see Table 4, bellow).
C3ater [pass 2 was |a subsTe¢ate rewi nd pags. 109

32 1 650 1.76 92

Example 33 Tetra(isopropoxy) Titanate

A polyester substrate (DuPont 454) was coated using the procedure of Example 3,
with the following change: During the second pass (tetra(isopropoxy) titanate deposition)
the coated substrate was heated to ~140°F in the presence of 1.0 Torr H,O vapor by 5
second exposure to two IR lamps just prior to substrate windup. The thickness and
refractive index of the coating, calculated from the reflectance data, were about 67 nm and

1.85, respectively.

Example 34 Tetra(isopropoxy) Titanate with H,O Plasma
A polyester substrate (DuPont 454) was coated, as in Example 3, with the following
change: The coated substrate was exposed to 1.0 Torr water vapor plasma (500 W, 400

kHz) for about 12 seconds immediately after deposition of the titanate. The thickness and
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Coater pass 5 was an H O plasma treatnment pass of

sel ected substrate regions at 0.3 Torr, 40 fpm and
walROwoer7s:100 kHz (see Table 4, bel ow). Coater PEEESHE09/048996

was tetra(ethoxy) titanate deposition using the

procedure of Exanple 1, except at 9 fpm and with the

inclusion of IR |la post - heati ng of the surface

. . anmp
refragHhsdijinder p{/the spits Ay culpied dopbticreitastansy datawgieabgut 69 nm and
u ks the processing conditions for exanples
1'733%Ché§§hpl e 27 Tetra(ethoxy) Titanate with Acetic
Aci d/ Water cure A polyester substrate (DuPont 454

4m | ) _was coated using the prqgcedure of Exanple 1,
Examl‘g e eft'a(}sswquxxhﬁﬁ@%.e withoHeynbisabment i nges and

SYT g So RUTRDHsHEE %ré;b%ﬁé& us§RGhe GRIREAE bf‘Exérﬁé}lB a8 & gl%)é):d in an

titanate (DuPont TyZor ET).” The syringes containin

ovitrha 74P dxi @emineites. Afteplaragihg.ghe apitabatlhctaper peetcumtval obtained.
mn, generatijng total liquid flow gate of 1

m /. .0
Thefhigkngss grdReaciiveingerol thheoafisgsalontalideren i sfleegnee data,
j 39 Lk acid in water. The pressure
Wegéf@%%ﬁteggg%l?gﬁggbé’?ggfgﬁ%géi d vapor in the chanber was
controlled to 2 Torr by the throttle valve. The

t hi ck f ti ind h ting,

Expriss o T Jefeidiond upreia b et e doue a0 nm
and AlpAdestdr 88ReGE @wnﬁﬂmag céfted U8hE AP rERAMk of Example 1,
Titanate 0.2 Torr ter A polyester substrate (DuPont

with5Hie fllvving ohrsgeo afledrosisndrunhenpeoted was abdutBRaRpA fer coating,

1, with the foll ow.ng change: The pre e of the .
the P AU PO T T o e R 67 G upEd spgpnment, at
a sEstlalespb®d Ot 10 HnY Ath¥ PostTiR@trhEiitGRPRSR! 1RBEnE Bk TAMLdOYRA substrate

i ndex of the coating, calculated fromthe refl ectance

on dtfat rpcase dema bioliS °B the secand sdmple (Exansped7) wed gxposed for 18

seopifp tbr L3RG ACOPyOLY B BT 2o d TEDEPOR e foRditons,
coftin@ thick MRS af@ AL R6kivEARdENOPERARDRs 36-3M drd) dés?gtg@ihrlL%‘Bﬁm below.

changes: The evaporator tenperature was 15
coating die was 12-inches wide. The water vapor flow

rat e wasT'a106. Beerss JomlifibmsrandCeatiig Cheraviténiaagion.

carvri o aac ant ari oVl tha evaborato wac 200 seem Th

o
G 1 I C© CT1C COT 9 ZUCU OC U ITC

Example s Bostiigeatment £ b Postrizeatment | Cogting,indg¢ oy Coating
vithor | PrupeTemprdey | aosurd @dUYs| r eEBelagtion Tablhickness
5, bel pw. Exanpl e 33| Tetra(isoproppxy) Titanate|A (nm)

pdé yester subSirate (DuPoniNod54) was codt®d using the77
2

Nnrneaod H-e of Evanml o

|~J \WAVAWRW | \W A ls.g\ullr.ll A>3 J,y Yes 1‘82 77

Example 38. Tetra(isopropoxy) Titanate with IR heat treatment

A polyester substrate (DuPont 454) was coated using the procedure of Example 33,
with the following changes: The web speed during the second pass (titanate layer
deposition) was 15 fpm. In a third pass through the chamber, the titanate coating was
heated to a temperature above 150°F in the presence of 0.3 Torr water vapor by 12 seconds
exposure to two IR lamps. The thickness and refractive index of the coating, calculated

from the reflectance data, were about 71 nm and 1.86, respectively.
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with the follow ng change: During the second pass
(tetra(i sopropoxy) titanate deposition) the coated

wWGe 8ot was heated to ~140F in the presencePOrf/U32009/048996
Torr H O vapor by 5 second exposure to two IR | anps
just prior to substrate w ndup. The thickness and

refractive index of the coat i'ngH cal cul ated fromthe
Expemled?. dedealisapropox) itamie tvidizHhPlasana Tpeptment

respect j )l ]

T T B AR TR P LV s OB SR B8 e 5
withah¢ &dlovwasg chanpxsanplaghisd padsttivotifle tHe@bhtonitingtetrh@sopespoxy)
.. The coated substrate s exposed tq 1.0 Torr wate
“ta\?ét&ﬁoa%‘]‘ga%’ﬁsae%%ia W-%@“ RYZ* VEBer Ig?a%‘tﬁ Popy e EIsRL 00 W, 400

. . ¢ ti . ]
et B P SR B B Cp et AR plalia post-trcatment
comted| ledlag b6 & . Themwiseorhehtiechaic anga tdaringwircahmd pads. 6 thinkness

nd 1.78, respectively. anpl.e 35. Tetra(isopropoxy)
am%et%aﬁ%‘feemdﬁ tﬁea?atrﬁge%lﬁﬁﬁgg TRE fgs sflsqre8gm ity o about 70 nm
an@ﬁ.%@ﬁe?é}:cﬂ%l?g the procedure of Exanple 33 was pl aced
0

In an en at 700C for 60 minutes. After heating, the
optical reflectance spectrum was obtai ned. The

t hi ck fractive. i .f th t
Exapl LR R0 3 potra o) Fiendilf hutphada 0RM .« 6 4
nm anghiYes&? subLBRETIIPYH 4_1/54?1 63 004t88 usthy BRDrébdure of Example 1,

Tetra(ethoxy) Titanate with Heat Treatnent A polyester
wituihe falleweng chapeer: [n34hirdypassdoanglitheshagbemthegetor eioxe titanate
f Exanple 1. with the follow a : [OEESS. . :
cof g BaRnEiedie Fal bt Wit Bl B G PR R g B PR St
(substast Ktappediasitipastdrimeahpdature ditthgrh® pRSHa pbaTRAMIn céntrolled

0.3 Torr nitrogen environnent, at a substrate speed of
to Qs bhe pibraa gestas ¢idigt (EYRCIOR YRt Indigetp pritixrempids 0 and 41
in’fqoeit 2dbe§ubstrate on the process drum at 1580F. the

setond s%‘?(r‘pl e (Exanple 37) was exposed for 18 seconds

to the UV | anps described in Exanpl es 23-26. The

POST - pr OEH58 7CPFAeds! ColititionPAn QoA tth € CAS S ta Mation. |
refractive index for Exanples 36-37 are described in
EXainipée 89¢. [Hhoma GBsarfpdagingdndde df REfractpom pOrgling Thivkaess (nm)
Wi t40 | R heat ©Oreatnent A pol y83ter substfyate (DuPnont

454} wascoatedusithgthe procedure of Exanple 33
Wi t411 t he |f ol | O ng |changes: THe web speed duri ng The
Second pass (titanate tayer deposition) was 15 fpm tm

Ex\%glté)%sr&-@ Sl‘c’wot- B}leanﬁpe%egggnnR?{iéle t610%s{riutcﬁ‘(?l‘rfl ‘r%tr%?e?ﬁ&%

Titanate and Acrylate

A polyester substrate (DuPont 454) was coated, in the following sequence, to form
two-layer antireflection article constructions:

The first coater pass was an H,O plasma treatment at 0.3 Torr chamber pressure,
400 watts net power, 400 kHz, and at 40fpm.

The second coater pass was deposition of tetra(ethoxy) titanate using the procedure
of Example 1, except that substrate speed was varied, in discrete intervals, over the course
of the coater pass (see Table &, below).

The third coater pass was for the deposition of an acrylate layer, using the

following sequence and deposition-curing equipment and parameters:
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heated to a tenperature above 15Q0F in the presence of
0.3 Torr water vapor by 12 seconds exposure to two IR

wo 201p®90273he t hi ckness and refractive i ndex of BEEUS2009/048996
coating, calculated fromthe reflectance data, were
about 7 1 nmand 1.86, respectively. Exanpl e 39.
Tetra(i sopropoxy) Titanate with H O Plasma Treat nent A

pol Y88 paylaiqmaterigh way pmpgnie A ghpeixh 3 GEatesd U&P vy apghbauryl
f € 00' . : ' €Sl N
e R S A A B B e
Sptdislan@henicalat-i2ig). was exposed to 0.3 Torr water vapor
pl a post-treatnment (500W 400 kHz) for 12 seconds
( 15%%@9%091%&@ M%mf&%@ﬁwa% Eﬁarelémwgtet he pl asma
pos 0oc630F. There was no
hea%%égﬁpﬁgﬁegﬁp%[%%wgéﬁg third pass. The
t hi Tkedasn amtheiAlifcacdsidseFi ndex of the coating,
calculated fromthe refl ectance data, were about 70 nm
and The 8lga’str|a‘@§p§@t Wq,se‘{ayl_edgj@émﬂeée yoersalg Qver the course of the coater
itanate wth Plasma Treatnent A
pa%g%{/e&e‘%t%ypg% Stk at e (DuPont 454) was coated using the
pr oThduceland lakxang @irdd byntxtposirbeo UM laoips agdesbabges: Edamples
a third pass through the chanber, the tetra(ethoxy)
234t anat e coati ng was exposed to a plasna
POS &z SALTRIMMA ROCWMmAAQ A hidac O ad Wik K) plana 4t FBAES00
(suggt r‘gt eSrEs?t opa ed), Wt h tﬁléfacc?r um t enp)épa?t ure duri ng
kHzhendgloasimgWp ostied aseixnbattof cobstrat dpectl ipmBCOF. The
pl asma gas was either oxygen or argon, as indicated

for Fvamles A0 and 4 1 in Tahle 7 hel ow  Evaml es
HoF—e=Xahpr+es—4av A A—iaHH e+-OW—eXahpH-es

42-45. Two- Layer " Arkable$) BrocessiConditionse Const ruct i on

SN TSPAETS =i Y RSP W | A

L N ) R

sequence,| to formt u/\g-elgﬁié:rnc§nt "Pefl &% ilon article fpm
constructi-ons:—Fhe first Blat ed pass—was—an—H2O plasrmn

T O TT > T

const S S pa
trdatnenf at & 3 Tofr cRaWber pres%ﬁ’re, 400 W&tts ret 836

poysT, 400 KHg,andat 40f;pm The ggcond coat@gr pagsS g4 5
was deposition of tetra;bet hoxy) titanateg using the

prddedur¢ of Exanplp 1, 0ed6cept |thatl.3substrate7speed 86.5

over the course lof
et necourse

als; of
t hdScoat er pa?s (sep Taft% 8, $e| oMl. THe thil’d cogt er83-6

pass was for the deposition of anm acrytate tayer,
USt Rge t1rer}‘[eectance spectra of coated sections of the films prepared in Examples 42-45

are included in FIG. 6. Removal of back surface reflection from the polyester substrate
was accomplished by lightly abrading the back surface and applying black tape (Yamato
Co., Japan).

Example 46. Two-Layer Antireflection Article Construction Tetra(ethoxy) Titanate
and Methyltriacetoxy Silane

A polyester substrate (DuPont 454 4-mil) was coated, in the following sequence, to
form two-layer antireflection article constructions:

The first coater pass was an H,O plasma treatment at 0.3 Torr chamber pressure,

400 watts net power, 400 kHz, and at 40fpm.
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foll om ng sequence and deposition-curing equi pnent and
paraneters: The acrylate material was a m xture of
wWERB0/0§175130 (Cytec - 73.5% and Lauryl Acryl aR@&I/US2009/048996
(Sartomer Chemicals - 24.5% wth Photoinitiator
(Darocur 1173 - G ba Specialty Chemcals - 2% . The
liquid acrylate fornmulation flowrate was 1.0
n / A 8eend TRECTRA H BRa S NOSTIORSE Fuia(fteoxpa §tapats ugmg thpprocedure
T S
of XL 2TRER AL RN, ety 1o SURELERALIRG e
c oatAesecpbeating taytadf mcl ylthalcma) .sildivew aclaiek demsitad etito the

. was cured b xposure tqg W | anps as described in
“taéﬁ’&rlﬂreésﬂﬁ%ggyﬁwxyéﬁ%ﬂ%@&@ﬁ%ﬁ%ﬁ@@?%iﬂlﬁ%ﬁ thegprocedure of
ExiiploaoewiitndfollBuihbasgumt 0.3 Torr, 400 ki, and

power (W varied as 10 hat of substrate speed (fpm.
The Thesllsta@mrpecdkwecd. afph. coat ed sections of the

5 AIBOSR Pt SRyt oR Bt GheRitdaipHgHE vab Beared in
an BOLYRsbehrsHbpttat e was acconplished by lightly

abradi ng the back surface and appl yi ng bl ack tape
( Yaihht occfleotapcd sppatmym ofxtanlated46bstihwis Ishgven in FIG. 7. Removal of

Antireflection.Articl nstruction Tetraf.ethoxy. .
badk st RGOy P4l S T S ROl B ently abracing
theSBARR i@ ahPdFPIngdbkdapd (Van@sC6034Rd). in the

foll ow ng sequence, to formtwo-layer antireflection

article constructions: The first coater pass was an

H2Q, pl r.eat.nen Owi3¢d0r K _chanber pressure, 400
e e G KorEAb0E 3 Rl St G0Rm e second

Coanepol PaES suBstrattaDRPohi 49%) &fas beited(ghh oeyhrodedi@ndBxample 18,
.using the procedure of Exanple 2, with the follown
withbe Piopind ¢Hesew o erihir & Dap b Eh B Teae A St 40 nm)
oSSRk LY S5 SRR - -
silveeohti¢dl siaak ethichy wheh aiee/ct dtper theascalegbsdd efttho polygsteihsbstrate,

oRhECEi ey O PRaple L2, iy e Lol | owi ng, exRpLi.on,

deposition passes for Examples 47-53.

Table 9. Process Conditions.
Example | Sample location (ft.) | Fpm
47 75 30
48 125 22
49 175 18
50 223 13
51 275 14
52 325 15
53 375 15

Reflectance spectra of Examples 47-53 are included in FIG. 8. The spectral
appearance (“color”) of the sections is primarily determined by the varied thickness of the

titanate layer (controlled by substrate speed changes during titanate deposition).
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After deposition of the two-layer construction, the

coated substrate was treated in an oven for 24 hrs at
waan@oolTee refl ectance spectrum of the coat ed BCES2089/@48996

is showmn in FIG 7. Renoval of back surface reflection

fromthe pol yester substrate was acconplished by

lightly abrading the back surface and appl yi ng bl ack

tape (Yamato Co., Japan). Exanples 47-53. Formation of

i L ' yester substrate (DuPont

EX%JE? ¢ \5/\75? lé%ﬂé{?%g%?)%@h@agﬁgcedur e of Exanple 18,

wi t A flineridacddl poiatgr ohigargesfunétionalizdad with passhédyr vlagh functional

the coater a |ayer of silver (~40 nn) was
graups it G 86%?%%%@8%@%‘%ﬂwleanate | ayer, conpleting a

threeck F,ON@0E W cElxtanate - silver optical stack
whi ch,C %(g] 29?&%%4 r%r%] the uncoated side of the
pol yasteeX=6€0bd1¢A1(d ], (BkRi(DIGH:)y;, of isebowd OcolissabouTihlaed Baving
summari zes the |jne ee used during the titanate
an FUSBE P Ry ieb oT BRI S st fos COuint palpay ke
speqht Aubfindr @Ml y4Fme PoRkhct HIEdoHete Gvds tohttPonB. anfiliBflectance
spectral appearance ("color") of the sections is
cogied (EIR) glgssddDeYRyi fred Voxacemin & syrsfeatishomincichesatiaatly imEIG. 2. The
titanate. .l ayer ntrolled substrat.e eed, change
ol RHED ahGERBOR N REARIRR M RE S R IR U s
Pafeol Yetd)ess, &piatThe qiidffloworatdiatetic panyigéreds 00750an®iin. The hot
~functionalized with trinmethoxy silane functional
niteeey ﬁgw&ptoetg@ AtOEHEET ared %Hyn@éﬁéqrmeraptgﬁemﬂ 186°C. The evaporator zone
X- CE2Q( CF20).1 . (.G2F40) nCF2- X _wher iy .
te%@&&%&ﬁé%&éﬁ%%@%wwwa@me Kpor flopsexifing the diffuser
forlfscc@itd tH BN v@H (RMeERABn IR 161! c@aﬁﬂgb@hﬁe AR RO Uthe liquid
2000 was used for coating a glass plate. The
filh Iwes rcuredtbydexposuad fooatyesphanie watdryepdran aplovgoatelrl O gor 5 minutes.

coated onto anti-r.ef] ect ance coat Al | a TDAR

g Doy Pt 18 Lol bR RS R Bk afh R e ) end the
ink@wasIQil P FngRIB fvieS i3 tvapt 2B RBbiRYITHARAnOWal Rted by

met hods” such as thosé described in"U S. Patent No.
megh@U&lIgaubbimg thel dogiimgiwith @ laystseofi cheesetchugh fgradd Brunderss weight

075 in. Th ' £ i h ' :
of 58 RSB byl hp ko ik 5 i Bt R S TSP BH pen ink
begd@ﬂelﬁj STDAE MW Es BBy 1hRed whthea Giybsipe after theshe@xpeasedubbing.

to the vapor flow exiting the diffuser for 5 seconds

to forma very thin, condensed liquid coating on the

Ex’gﬁp‘i’é @%lugﬁﬁaﬂeh %iﬂther Coating

A polycarbonate plate 12 inches x 9 inches was coated with the fluorinated

trialkoxysilane polyether oligomer, using the procedure of Example 54, with the following
changes: the diffuser was replaced with a slot coating die 10 inches wide, the liquid
monomer flow rate was 0.10 ml/min, the nitrogen flow to the atomizer was 50 Ipm at
300°C, the evaporation zone temperature was 300°C, and the substrate was moved past the
coating die slot at 1 inch/second. The liquid coating was cured by exposure to a hot flux of
water vapor from a catalytic combustion source. The 12 x 4 inch catalytic burner (Flynn
Burner Corp.) was supported by combustible mixture consisting of 385 ft*/hr of dried, dust-
filtered air and 40 ft*/hr of natural gas, which provided a flame power of 40,000 Btu/hr-in.

The flame equivalence ratio was 1.00. The gap between the catalytic burner and the coated
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filmwas cured by exposure to atnospheric water vapor

in an oven at H QOC for 5 mnutes. After curing, the
waeoeavimmyshad i nk repell ency (Sharpie(r) pen i nRCHESHEL048996

up) and the ink was easily renoved with a dry w pe.

The durability of the coating was tested by

mechani cal | y rubbing the coating with 24 |ayers of )
subsHaeseasabarty nghesd Ehoeyposwgdimawiklcshang sacorgs.fAdfer curing, the

S png mai ntained the ink

C°%@%&%Sé*?%@ﬁ%ﬁiﬁ?%?@%gﬁéﬂﬁ. nk beaded up) and the ink

was easily renoved with a dry wi pe after the cheese

cl ot h_rubbing. Exanpl e 55. Fluoripated Polyether
Example 3 PA%?)‘VW&%%R%P%TW%%PF@YF HEWALe x 9 i nches was

coatgdh Wokdrik Qsatfdr%uagtbﬂat@ﬁegaﬂeaIam%aiﬁg ke PPl UGB cribed in

ol i goner, using the procedure of Exanpfe 54, wth the
DufPoht, 6 WemygtieHRXGES Orgdméc Gitdriansér p WasE-8 89 1abg grapotymeaizing

slot coatin e 10 inches wide, the ligu noner :
e Biropar weils b5 TR B RS i PGy 2BROHT Bl ieer solution
madtRPr&RfcdBSohGrd:pm at 3000C, the evaporation zone
enperature was 3000C, and the substrate was noved

pastAddnd waghtinags diYeLQR 3P Tde 29 woight pseoinglacidlngctic apid with
agi?a(%lao‘ill(gl SRS G Eg }ig%(raf“e)c(iggns & 0% & HtOtartfs Io %%afmvtvﬁaagitation.
vapor roma catalytic conmpustion %O rce. e §‘X

Geldtidbus@dptdniéraes Biak fedm bl wittncdiihned middragitdtiodese dissolved to
su&fort ed by conbustible m xture consisting of 385 ft
proyidera low vipgosidy olgeineriq mateal- Fhis oligemaric sqlutiey issfable for several

da%%?‘;]r " Itegﬂ%l:ﬁm; ?Hbs@ﬁ@e\ﬁ't g@%oﬁs Iiﬂll?[%ts B&V@&il}?%aé% jlp%%ssive

e ane equl val ence ratl o was
turbalfty detsle@ntht bhgaatrad solutonshounldbealisdatdaeé. The oligomeric solution,

.coat edsubstr at.e s about 2.inches. The exposure tine
oligomenuxtyrg £ iely @ﬁ%@?ywrtzg U&Wreﬁgenpppr%a@ foigisqRopyl

titdn@RelsbFobyltQoctBl, Veidapassd, i nk. Exanpl e 56.
Prepolyneri zation of Tetraisopropyl titanate An

Examipdob G atingavitinprepmlyanérized Eetpaiequmopyll tiavatedi ng t o
t he ,procedur e, descri bed in DuPont, "Versatile TYZOR .
o oA i B uf EBEohg T it B phreg I¥ EXEBbIe s [T g wsing o
codt@it 180 SRR thdtiil@ndted scHdERicallyTn FIGHOREYing AR extrusion slot die
aqueous TYZOR TPT ol i goner solution may beggtrq%gar ed as

apiliskion ot shekin OFiged i Sapas &I YGIORAERY aitashodiovbp iperature

coftfifet pfbce AP 1P SRk ficIEh 9 i e AR RMckRATRR fitpont
454 0Uethe ir§tpasidiah rétbtiorethakious ingRkoaeicate Sifhaywitor vapor
but with continued mld a%tati on are dissolved to

plasma it Ogd Tosty Wreeiag pt J0bikig#nes Pt PRacee] H0. Wiidgum revolution).
Th€ loli@@rﬁ@trié falRhyk 4Ohsk . AP h@gagﬁﬁg,%(ﬁﬁs&@%ic material is loaded into a

pressure cylinder. The loaded pressure cylinder is connected to the extrusion coater. The
oligomeric material is pumped through the slot die applicator, which deposits a film of the
oligomeric material on the substrate surface. The sample is rotated past the extrusion
coating die for 1 revolution. Then the chamber pressure is increased to 8 Torr (with a set
flow of 3000 sccm water vapor and 210 scem nitrogen). The sample is exposed to this

continuous flow of water vapor for 30 minutes.

-32-



10

15

20

25

30

days at roomtenperature. Subsequent aqueous dil utions

are easily made. |f excessive turbidity devel ops the
W@Ri1g0Mmss3 ¢ sol uti on shoul d be di scarded. The PCT/US2009/048996

ol igomeric solution, oligonmeric m xture A, includes

prepol ynerized titanates, unpolynerized tetrai sopropyl

titanate, isopropyl aIcohoI wat er and aci d. Exanpl e
EXB?HﬂQ%%tlng with prepolynerlzed Tet rai sopr opyl

tit . .

or gl o Bty AR L4 Sk OTE G SPES L gy
Exsinpiel 5@( wiith tlﬁdwﬁillowhﬂgmiah@ése A hepheussd draal deshperandrt & selto 70°C

havi ng an extrusion slot die applicator (not shown in
(158°G). T %}f chanleapptseurtis mringieed aitld) Ter athedotientss plasmhe

ture controlled process drum The substrate is

pIe ren@?ﬁ g'ﬁwllsgﬁ TO8Y%- i nch wi de pol yester (DuPont 454). In

the first pass (drumrotation), the substrate is

plasma treated with a water vapor plasma set at 0.3
EX?HH¥ES%perat|ng at 400 kHz and a net power of 400 W (

1 dry 0 t I

degas S Qeithe AR DuPIR £ BRTRIAT I BE piRocdife dseribed in
Ethpkééd wnhoheafoﬂlbwlﬁng@st iThdepatingheatetalded dpgasalimexture of

Ilnder i.s connected to the extrusjon co ter. The
fetig iSUARY) Btanyie ZPP%@M iy 7piuhpblend ﬁ?feﬁgﬁaﬁeh@ & Prgpesyidgum

te it{nceq Qé't'at \t(\ﬂicc@ab ?ﬁ ESat i %b%&ht%rh eﬁl% rglll 't(g-%TFﬁlb&e The first

erla e sur sanp

pasrsqil@hﬁl!:brmltmérh%ae mtﬂlmsgamn Adeatdangg dhe td‘tﬂ(lsdpropyl) tltanate and
revolutlon Then tre chanber pressure is incre

tetigdaggng iy Imedigielyreaapedrio 366 varaiin it Wcuyas ﬁm ?féo cure the

CO%&I WHERThOt {a&&%ﬁ% slowhEenpIRLS&. %A oﬁﬁﬁ%? q‘lo(x)ooftdjétﬁled Water vapor

ont i nuous ow of water vapor 30 m nut es.
1s iB8odukep aity dst drambabSomat wat¢DudponmadbAdw instaoat e d u S | n g
the procedure described in Exanple 56, with the
foll owi ng changes: The process drumtenperature is set
Exhmpld®> (1580F). The chanber pressure is maintained at
8 Torr. The first pass plasnma pretreatnent gas is
n| t PoprayestaExababiiats (BBIPopt Zizﬁcﬂi) yeesatad usingst ‘ra@tmecc(am Ponifar to the

coaé§5<4 %;tlzatqg(gsacilgrgl tﬁcsé lﬁgn FE@I gg%l% %:é% g s%lbaé%e H&t shown in

FIGRA pédn@dinih§ tid: slegaseesdlioy dﬂf(t%tr@(ﬁsdp@dﬂy@)(t[t&l%i)ﬁ@Mfo)duced which
titanate (DuPont Tyzor TPT) and tetradecane. The

exify o dle eappiatas ppa tegondensied 0@ éhe abstatp T hegro@sy druphigmperature
is CP& £rc (83 ‘%B.efﬁaet e%%pérgto% Ige%lp ature L95dt alt IlOdB%d The -crgnede];léedsﬁlm is

cured as described above.

Example 61.

A polyester substrate (DuPont 454) is coated using the procedure of Example 60,
with the following changes: The plasma containing both the tetra(isopropyl) titanate
(organometallic) vapor and degassed tetracthyleneglycoldiacrylate vapor, exits from the
evaporator and is condensed on the substrate. The condensed film is cured as described

above.
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pass plasnma pretreatnent gas is nitrogen. After

coating, the tetra(isopropyl) titanate and tetradecane
wo 2010002553 mredi at el y exposed to water vapor i nPETES2009/048996

vacuum chanber to cure the coating while the

tetradecane slowly evaporates. A continuous flow of

distilled water vapor is introduced into the chanber
Expmplg 62-wat er vapor mass flow meter. Exanple 60. A

pol [ '

vapé&gg{asttezrw%ﬁ% ruﬁ)tgtf)tp 2 coa%eéirll%lnl%lqgés? %@éggféxample 60,
withche frdlomdad thanpes: FIHE pldsmafcoptaasing both. the tetra(igdpoupyl) titanate

di scha not s in FIG cont | ni t he )
Oré?f&é% ¢ Yap%aﬂfg%@ﬁsseé é%tliaaf@wﬁﬁaﬁg lgeR) %CWF@?%W&)@XF% from the
ev. o?gb'lcaﬁfébls %ﬂcféﬁse%’ﬂnttﬁe frRmdk réﬁd fURAAL aEthb@([‘%dV%

ondensed on the substrate. The process drum

tenperature is set at 170C (63 OF). The evapor at or
E tﬁ}rgieggture is set at 1000C. The condensed filmis
MPY°4s described above. Exanple 61. A pol yester

subghe abeichfAIRAAT redSidds 4 Bmae@t@d iMfhith thOergRhGREANIC @oating
of Exanple 60, with the follow ng changes: The plasma

magesied &ineit ﬁg}lmf@w’ced %lrtn@tlksa(th%bmlopi}lrl) wild baprgrosed to atmospheric
rnot(w%tl ; aeﬁ ene golc\:x)lg RL tl% }1%1{ t%g agac'tln and be{:orn? chernlfzart]llél bonded to

diacry e vapo exi
unRUEpd sladspfedaﬂdg te o ﬂﬁﬁﬁﬁﬁd)f%térh”@h@tmmg atig thuk@ve improved
condensed filmis cured as described above. Exanple 62.
wajer yapgreiigr paRnssigsabieugintimbstttcasa mackaniyat ed using the
procedure of Exanple 60, with the foll ow ng changes:
The plasma containing both the tetra(isopropyl)
Extinipha6d. d’r@p«slgareomtlai bf Tetraethoxytitndaw@egassed

tetraethyl ene col di acryl ate vapor,, exits fromthe
evapdr tgarne&ﬁg %’tglgdaﬁaréﬂ%a%s RTPAEd Dy eRolymerzipg Emoéa"ﬂ

(DESofPSESH %Qap%?aﬁl‘éﬁ anE68AMRle Eﬁr%noluﬁﬁ APARERA #)ﬁt‘i‘?ied to remove

receives a limted cure in which the organonetal |
resublat waigr, madesciriabd insD Ko Bridlty, et radddtre dlydixlysing Tiswjum he

Gtk L Beltaes. APAFIER TR, by RPRETDGaeT sl afer b Sotuton of

wabaeqp 08) aN@Rae(30/g )9 BeRd drepwidé RahtRihnstié Q§ring @814 Sd10Gon of
the out diffusion of water. The coati g@ wi |l thus have

Tymrrﬁ“b(ﬁé)aO ghinethapalides gartoem tempgreturs. ddicsplvenighthenglyis
eve%%%t&{ ﬁtﬂg 3F7Egc&asg [u¥iSh remains. This solution, oligomeric mixture B, consists of
prepolymerized Tyzor ET and unpolymerized Tyzor ET with approximately 30% (wt)

solvent (ethanol).

Example 65. Prepolymerization of Tetra(n-propoxy)zirconate

An oligomeric coating material is prepared by prepolymerizing Tyzor NPZ
(DuPont) using the procedure in Example 64, except that n-propanol is used as the solvent
and Tyzor NPZ is used as the metal alkoxide. The water solution is made of 0.5 g of water
and 30 g of n-propanol. The zirconate solution is made of 35 g Tyzor NPZ (contains 28
wt% propanol) and 180 g of n-propanol. After reaction at room temperature, the solvent (n-

propanol) is evaporated until 45 g of solution remains. This solution, oligomeric mixture C,
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Exanpl e 64. Prepolynerization of Tetraethoxytitanate

An oligoneric coating material can be prepared by
WEeEpobyIaeri zi ng Tyzor ET (DuPont) prior to eve@DDS200D048996

and coating. Ethanol and all glassware are purified to

renmove residual water, as described in D.C. Bradl ey,

et. al, The Hydrolysis of Titanium Tetraethoxide"

conpisthefriTeplymenaspratp pramesy ttanae #id u@@bimwﬁ@ gdra(n-
| (30
ol ERbe o bty SUAEE ohh BploPafire0e ¢

sol uti on of Tyzor ET (30.0 g) in ethanol (125 g) at

room-t gger ature. The so] vent Set hanol ) is evaporated
Example 6 é gatns elgprspplymerized itefzaethpyditangte; ; on,

ol i QOMEY fifm 19 f8EHE LN oﬁﬁ G&bﬁé ﬁuﬁﬁre‘lﬁ 64)21%%%é’%a%r coater

ET and unpol yneri zed TyzZor appro rmtel y 30%

sm(ﬂ/ar)o diolcoent 1ll(uet1r¢tahsﬁh):ma®@ékyph@1651 me@pbitljﬁmels laZiamilghick, 18-

1ncﬁ,a 1 F%)é‘@gg?%\p @D o %Sgll) b@&g%&g&ﬁg ol Ilg ?ﬁ"é WEa(gBac{\ﬁg%ge temperature

cortF3IRa 'ﬂ)ﬁrace's)ssdhﬂﬁl Itaﬂl%r MaRe@A B111t6-r&X 8tk Sin s fiRXFARYdrum
that n-propanol is used as the solvent and Tyzor NPZ

rotafson)stéd salstrateds plasab tghikdilheyatanaparplesms af (3 T@rr, pperating at
406;??[% his g)owe f JOé)Wvgltl}m d Sossg%t%];n aglggqﬁjgd 18 revolutlon with
the2Bmm Ppasiag aeadldsnengbulddtit 40 Ghmn- pr opanol After

r eactjon at roomtenperature, .the sol vent (npr opanol )

s &ligpprcHE @uxtyﬁt Biis bendipdgp adHIQAC NI FeS P YrsboxTitls an attached

Vac%%ﬁ%e}lp r. A rnlngi KLy 81%?(&558(? Hl% EEESQL r and placed into the

prepol yneri e et ra(n- propoxy)titana
vaduupobgihjer for (ddgetseﬂngaTlmjjidblgami;s)evﬁauh&dahﬁemﬂdglassmg, the bell jar is

Vergt%? {noéﬁggéw@dd?()% @M&% 'mvt; gtém %&ef‘éo %alg%ﬁq%maggn%phm

rnoﬁﬂ!nré Thd @rin%e ﬁs%&%ﬁeé Y %%ﬁg&%ﬁﬁ[ﬁ doxhdbt& B hExanpl e
64) using a vapor coater simlar to the coater

atonlizar&vaprretdr shemat desatibgd in M TEIOD, FOR A HOMEZING MAEERIAL

PO (D00 HEO RS PR E0aP LR, Fleg BT, f63 e sccond

drin€ RS, tHelBBMHeFO nliffrddlk QafpSd & thatortin@ at b HRRY fattofl 100
roll-to-roll nmode. In the first pass (drumrotation),

mlfnpa. ElybBew sete Of sitiower ges totheatemiag tshl wwgewr Oliggmeric mixture B is

ato%l%iggtﬁne c%rﬁp];g g fﬁ?ﬁ&%pg{hﬁeﬂ%{&p@ la%%letgc%%%pt RO

process

eVJ@YﬂbﬂJ\KIMOEthch I034dwe) SIHFRlaBoRES eXigs 4 t@u&hafsﬁa c8QMHGERe and the
at 40 fpm gomerlc m xture Bis handled in a

ollmmq:r@yg@ﬁtepglr cngenoe thyerbsiiath Adier atebdieféan of the atomization and

evaporation process, the sample is rotated past the vapor coating die at a linear speed of 15

fpm for 1 revolution to condense the liquid layer of oligomeric mixture B . Then the
chamber pressure is increased to 8 Torr (with a flow of 3000 sccm water vapor and 210
scem nitrogen). The sample is exposed to this continuous flow of water vapor for 30

minutes.
Example 67. Coating with prepolymerized tetraethoxytitanate and Darocur 1173
A polyester substrate (DuPont 454, 4-mil) is coated, as described in Example 66,

with the following changes: Two syringes and syringe pumps are used, one containing
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vacuum bel |l jar. Aigoneric mxture B is dispensed

into a glass jar and placed into the vacuum bell jar
wo r106e2J85si ng. The bell jar is evacuated. AftRECT/US2009/048996
degassing, the bell jar is vented in nitrogen and the

liquid | oaded into a syringe w thout exposure to
at nospheric noisture. The syringe i s nounted on

oliggrpergmixiuigd ehanpénerbend dhq ghefrroataging E@!O@%bb%%@ba) The

o BN TRATBR Sl el GATAS T At o

sephPdt Btojer nteantddhe sgacaa dvaporons ot lat flon of tH'a:e)hgomeric mixture B
ol rre'c i.xt u is pu to the atom.zer at flo

mafcta §41mé¥'r?w i fhe TnEO TG et | BF W?ﬁelﬂelgléﬁaiaggl/%l he

evegﬂ?at@& B A il Rixhre BERERI ﬁ(b)ﬁ@é@l{d Bardbdt U778 R ﬁl%(e\g\iﬁs Vapors

tom ze into fine droplets and flash evaporat ed
and frat olro@laghs deqmioatd candendation entaphe sitbotratedl he drumftamperature

I L TR L N SN R R

depsosRfint feQirurid Bat&lt talgiot @ pAbY t@fin&fsas‘irtgeth@%l@éﬂﬂé’e@tplré%@ur@'?& 8 Torr.
evaporation process, the sanple is rotated past the

vapor coating die at a |linear speed of 15 fpmfor 1
i ' f ol
Expfff % R RRRIPBRlASL I A SRS ating 2oea 1 o

8 Tar pol{smtdr BulsstifatcqDUPbNBAAY 1§@ﬁfﬁd\m@tr@rthé’p1médtﬁt@ gf Bddinplc 66,
seem ni trogen).. The sanple is exposed to th

eX@@hmahQ}t&%nmcawxaﬁe @e(ﬁéamplep?éa ifused @@t%Cﬁatﬂ@sma@ealnm e

i

nd TR E SR SRR R AR i b et S R RAEY A the cured

layéfsm)vhl) hawe a:loazbed'ateasapﬂﬁ ocokyed tlansrssiopracStian viat bf thh@ncoated
owi ng changes: Two syringes and syringe punps are

PE s%‘ strafgte cont ai ni ngol i goneric nixture B (Exanple 64)

and the other containing Darocur 1173 (Ci ba). The

liquid streanms fromthe two syringes are kept

sepaictrereas bitdd lpuéiol ast exemlb'éncmrp@ctteé tctem lay lsaéepamcatie their

t ed par at e The ow of

ondig o st usRERE enaRS pEN GicifytFiog Bisiosed and
refbRcd h-RWeei niaﬂ@to%’s@lﬁlérvahlﬁ&lsrﬁﬂﬁﬁ il scope Of this didldBure. These

The evapor at ed ol(;lr?orrerl c mxture B netal al koxi de and

anaihee variatiorRangrrsodifigatpnasn theserctosaisdvidhdictapparsniciodbgsagkilled in
the?e{ér{en%gﬁe ﬁeé%ﬁﬁﬁ%ﬁﬁﬁ%&o%@ o Heuil MGsupd ?@& E_%E@Hg BOEA ST that

SPoSItIon IS
thintiscloges ahd 0 dlditng sl@caﬁxhbabwrmra@dst lirsitetQo sieeitustAftive fentbb@iments
deposition, the drumis heated to 70 C prior to
Setfﬁléli*@%@}nng the chamber pressure to 8 Torr. Exanple 68.

Coating of prepolynerized tetra(n-propoxy)titanate
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A pol yester substrate (DuPont 454) is coated using the
procedure of Exanple 66, except that oligoneric
worubeEssT (Exanpl e 65) is used as the coati ngPCT/US2009/048996
material. The coated PET substrates prepared in
exanpl es 57-63 and 66-68, with the cured |ayers, wll
have a | ower water vapor or oxygen transm ssion rates
We elaim:t hat of the uncoated PET substrates. Al
references cited herein are expressly incorporated
herein by reference in their entirety into this
1. di s@ wsthpeé forl folmisip mdiarne fémyodipriinkanahorizmis or hybrid
di scl osure are discussed“%ﬂ% rehe&ence.has been nade
OrgagIcHBAILARIC daXFR PR A BHE Gy ttHed SUBRESHT this

di S%Iﬁﬁﬁ‘% £ first RRSA a%?iid%tlﬁsfefr apthabiRpseand
a cl osu [ ]

nodi fications 1n the dis e wm be apparent to
t hosentadtingltbel fiish ntehad abkokidwilaywo wtithdegpeartbicng the tayet; he

© hao e adteB St PERURY Rt inet AR e KRB U Vacuurn.
not limted to the illustrative enbodi nents set forth

herein.W claim 1. A nethod for formng a barrier
2. fi | rhhe ompphadsifistpimn, compysing eowsactingih¢ etal alkoxide layer with liquid
Wa%rrganic/inorganic | ayer on a substrate, which nethod
conprises: formng a first nmetal al koxi de |ayer atop
the substrate; contacting the first metal al koxi de
| ayer with water to cure the |ayer; wherein the )
3. i nofgamethagrofeaim; lg compasing FoHestggrihe mety atkoxide fayepwith water
der vacuum 2. The nethod of claim1, conprising
contacting the netal al koxide layer with liquid water.
3. The nmethod of claim11, conprising contacting the

met al koxi de l.ayer wi th water vapor. 4. The nethod.
4 of %mﬂ% &6 i s FAgPERg a%tttﬁ%lgttﬁ%mﬁ@% A
plas@Y €bntMnidl Ba} GHER CONtai ning water vapor. 5. The

met hod of any of claims 1-4, wherein the netal
al koxi de layer is fornmed by condensing a vaporized

met al koxi on.the suhstrate.., 6. The, nethod of an
5. 0 e MRl o} Snf Ag bl e Vet el RINER TR s fOed by
coﬁ&%ﬁtﬁg afmp@fpz@hyﬁdw abkdxi QUth8BiRtral koxi de on the
sSupstrat e.

va

6. The method of any of claims 1-4, wherein the metal alkoxide layer is formed by

applying a liquid metal alkoxide on the substrate.

7. The method of claim 5, further comprising forming a plasma containing the
alkoxide.

8. The method of any of claims 1-7, further comprising including a catalyst.

9. The method of any of claims 1-8, further comprising exposing the inorganic or

hybrid organic/inorganic layer to a heat treatment.
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7. The method of claim5, further conprising formng a
pl asma contai ni ng the al koxide. 8. The nethod of any
wW@Ro10006078% 1-7, further conprising including aPCT/US2009/048996
catalyst. 9. The nmethod of any of clains 1-8, further
conpri sing exposing the inorganic or hybrid
organi c/inorganic |ayer to a heat treatnent.10. The
alickiin 9

10ret A8 msthag) Fedn hehgat trrament pepgrfpsped pia temperature

t t rature from about 300C to about
fro%%ﬁo%&?@’%ltﬁ a]ilﬁuu%pﬁod of claim 10, wherein the heat

treatment IS performed at a tenperature from about

350 bout t hod of |
Hher @F qu ouq,fé 1my e&ﬁhﬁ@t’& t]; Ete%eéyep'gpq{)gbs I%F ogne(} at a temperature

frohﬁé%%{%"@ft%a%@cni‘sﬁbém 4Q0C to about 7Q0C. 13. The
od of any of clains 1-12, wherein the netal

aI kOXI de corrprl ses an al koxi de of al um num antl m)ny,

ars ri . hi.smut h oo,cri

12557 FRG et aRi i REPRIE BEATeAen PO P 2R R perature
frokd Addub M CRABESE W, ol ybdenum  neodym um phosphor us,

silicon, sodium strontium tantalum thallium tin,

titani um tungst en, vanadium yttrium zinc, 2| rcom um
or re of 14 Th
13 e b A GfetarT ik 12 B Re et PRk egbges an

alkbkid@%wlﬁlrmﬁthrﬁcﬁﬁhuﬁbz srbdii€ ariudl BRIndMbofoRNER uMgadolinium,
barium tin, indium zinc, gallium bisnuth,

galhragm éstmmur@,tlraﬁnumumdlmrlmp la@éranum Lihiyfom, roggnesium,
0 Ianthau tun ten tur ereof .. .
mo, gad% e rnrgeotd alolrnusl IC%H SO 1urn tstﬁoﬁtl a?fntagflﬂlo%al 1eurn, tin,

titamQUIrthSesent eiﬂaa(tﬁ}ﬁ, twmyl)n, tzintcaﬁaioalunt 6t 4 A(HERAhEPOKY)
titanate, tetra(n-propoxy)titanate,
pol ydi net hoxysi | oxane, nethyltriacetoxy sil ane,

14t et gl Hlela{o%lpocf%a)tmzl' %%%En ‘n?etta{l%&{b' RILQEpkis& JfgaC?E&&&e of
or a mxture thereof ﬁe met hod of clai m ,
titanen, ediconine, vibica, aalrimumdantathnp,rb%iam tiaf md{vet, ey gallium,

titanate, tetra(lsop at e,
bispuith, ﬂ%ﬂﬁlb@&%ﬂt@tﬂa é% ﬁﬁa Wélepﬂém% lanfhanugy o

tu hagt ahi-@ny 1pkedt ai ms 13 16, wherein the netal
| koxi de conprises an ol i gomer. 18. The nethod of any

of clains 1-17, further conprising formng a pol yner
15.I Y Fhe method of claim 14, wherein the metal alkoxide comprises tetra(ethoxy)
titanate, tetra(isopropoxy) titanate, tetra(n-propoxy)titanate, polydimethoxysiloxane,
methyltriacetoxy silane, tetra(n-propoxy) zirconate, tetra(n-butoxy) zirconate, or a mixture

thereof.

16.  The method of claim 15, wherein the metal alkoxide comprises tetra(ethoxy)

titanate, tetra(isopropoxy) titanate, tetra(n-propoxy)titanate or a mixture thereof.

17.  The method of any of claims 13-16, wherein the metal alkoxide comprises an

oligomer.
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atop the inorganic or hybrid [ayer. 19. The net hod
claim 18, conprising formng additional alternating
w@oitgmea7sand i norgani c or hybrid [ ayers atop tP@I/US2009/048996
i norganic or hybrid layer. 20. The nethod of any of
clainms 1-19, further conprising coating one or both
surfaces of the substrate with a second inorganic or
18 hy bAihg methndepdang pbelgups £ 17 ofjpether eonpyrisinedernsingiadglymer layer
a&%%ﬂ&ﬁfﬁ#ﬁhﬁ£¥1bﬁ&1azﬂe nmet hod of claim 20, wherein the
econd norgaﬁlc o?>'ybrid i norgani c/organic |layer is
applied atop the inorganic or hybrid [ayer to provide

S RN Lt S5 e el P LA 20 S8
inofégarnﬁfé&&l 'gg%egg fi6p ARGRoBhLE OF h&%@d la%&‘? met hod of any

cl ai erein"the | ayers have refractive
i ndi ces fromabout 1.45 to about 2.0. 24. The net hod

209, o I st B iRm0 G R Rier B ne s both surfuces
of 1HRY%Ehstrafdwitll B8cdBRk isteftic BANYIRTd iBb@uAT/020métay W8 HEovade

| east one hybrid inorganic/organic |ayer conprises
optyesd Funstiendlidy. properties and optical functionality. 26.
The met hod of any of clains 18-25, further conprising
formng a protective polyner |ayer atop the film 27.
21 The Tive btegiebdast ctdimi 20, BBereMide 8éddnt itorpirié echybrrl ipergyiieforganic
conprises a polyacrylate. 28. A nethod for formng a
laysgisrapplicd atpphedigreriir g hebril gy srdo prayass enticabiugetinnality.
| ayer on a substrate, which nethod conprises:formng a
| ayer conprising a nmetal al koxi de and a organic
22 confibu netthioa df@taima0fdrr2dt whytbin ttle bptyel fiaicapndlite comprises forming

subztrate; curing the hybrid | ayer; wherein the hybrid
an iderierence offfted under vacuum 29. The met hod of clai m

28, wherein curing the hybrid |ayer conprises
contacting the netal al koxide with water. 30. The
23 et Abd nethaod ciany 28 clem2)-2%heheicm thotayendage fedspetive indices

oS AR P83 (S AFID N9 2

24.  The method of any of claim 20-23, wherein the optical functionality comprises

forming an antireflective layer.

25.  The method of any of claims 20-24, where at least one hybrid inorganic/organic

layer comprises both barrier properties and optical functionality.

26. The method of any of claims 18-25, further comprising forming a protective

polymer layer atop the film.
27.  The method of claim 26, wherein the protective polymer comprises a polyacrylate.

28. A method for forming a barrier film comprising a hybrid organic/inorganic layer

on a substrate, which method comprises:
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vapori zed netal al koxi de and vaporized organic

conpound on the substrate. 31. The nethod of clai m 30,
waobene2153 he netal al koxi de and or gani ¢ conpouPdI/H82909/048996

vapori zed separately and m xed in the vapor phase

bef ore condensing atop the substrate. 32. The nethod

of claim 30, wherein the al koxi de and the organlc

conpRIuHe ataé/ewmnsz%a metbelkerxide 3nd a prpaniceaogupd toalpym 2

of ¢lai n@gw%%uo gbﬁnﬁ@e al koxi de and the organic

conpound ar e”vapori zed usi g flash evaporation. 34.

Theenmﬁ@@ﬂln%n@kaentZS or 29, wherein formng a | ayer

conprlses app id conprising the netal
al ke yt)ﬁ%TaaP@ertjP@D COISUIRFUBR- t he substrat e.
35. The nethod of claim28 or 29, further conprising

formng a plasnma conprising at | east one of the
29vapdht rethadetfalaiml 280 whdeimoeuringpbe hytedl loyganimprises contacting the
‘&ﬂnﬁg HP gl The met hod of any of clains 28-35,
MEHhErEr Kt al koxi de conprises an al koxi de of
al um num antlnony arseni c, barium bisnuth, boron,
cerium gadolinium galllunt ger mani um haf ni um
30§ ndiThemethagrpf claamt 23073 Whmem fgﬁplnlg@dggegchmprlses condensing a
n ne d hor u |I| m
Va%%rlr%(?: gxlleltlalfmn] 0? a%%n Vg&}rhz%{f ﬁis anic cto%t ouPd Panl usrtﬁ%%’até‘.

tungsten vanadlun1 yttrium 2|nc Zi rconi um or a
xture thereof.37. The net hod of claim 36, wherein

314 h e Thef%ﬂt ogl o siaies O whpicinsibs metal alhesidedad oreaniq eamnawnd are
8 Qéﬂémtelglahﬂ gtﬁ?ed 1ﬁ|tﬂﬁébrl¢u%h§s@ ALY %nd@ﬁ’gﬂtg R:tllﬂéasrtrt]bstrate.

un] Zl n I um magnesi um stro
boron cerium hafnium neodym um | ant hanum
tun thereo e net hod of

te
32¢] al bt S oI Tha Tt ek aad L faegompound arc

Vm&gﬁé@&g&ﬁggy) titanate, tetra(i sopropoxy) titanate,
tetra(n-propoxy)titanate, polydi nethoxysil oxane,

met hyl tri acetoxy silane, tetra(n-propoxy) zirconate

t et n- hut oxy) zi.rcon or. a.mxtuyre .ther
33 e RS TP A 5t RO A aa Soaeil kSO AR pedhije
com@ &ﬁm&ﬂ@vﬁﬁﬁﬁédﬁﬁ ﬂﬂﬂﬂkhﬁ&ﬁﬁén 40. The net hod of any
of clains 28-38, erein the organi c conmpound

conpri ses an al cohol, carboxylic acid, ester, acid

348N h)f(ﬁg ln%%todab(iecwﬁln j%aclr%g,e@fhettem t%l*rhin%ra lmrr&gmprises applying a liquid

comprising the metal alkoxide and the organic compound on the substrate.

35.  The method of claim 28 or 29, further comprising forming a plasma comprising at

least one of the vaporized metal alkoxide or vaporized organic compound.

36.  The method of any of claims 28-35, wherein the metal alkoxide comprises an
alkoxide of aluminum, antimony, arsenic, barium, bismuth, boron, cerium, gadolinium,
gallium, germanium, hafnium, indium, iron, lanthanum, lithium, magnesium,
molybdenum, neodymium, phosphorus, silicon, sodium, strontium, tantalum, thallium, tin,

titanium, tungsten, vanadium, yttrium, zinc, zirconium or a mixture thereof.
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41. The nethod of cl aim40, wherein the organic
conpound conprises an acrylate. 42. The nethod of any
w@Ro10/06078% 28-4 1, further conprising form ng BCPUB20a%048996
| ayer atop the hybrid layer. 43. The method of claim
42 conprising form ng additional alternating polyner
and hybrid |l ayers atop the hybrid |ayer. 44. The )
37 et Hba msth ciimcIoa vhgrempthg metsl gHkopide copmpisessingkoxide of
tita‘fﬁ)tﬁﬁ,' 1ol Qﬂicgrgtalﬂl 1HBI11?%?1§&119£, ﬁa@fﬁm‘;‘ lt'lg,s’ltnﬁﬁltnf Mt ?alﬁurn,
second I norgani ¢ 'or hybr I norgani c/organi c’layér to
bisprutly, ingkggnogitiingc ettontiume boenatdriuyn, hdmiuntheottethmd 1aithaluai, m
44, wherejn tg§¥s?cond i norgani c or hybrid
UngsSRL A GG LN ayer is applied atop the hybrid
| ayer to provide optical functionality.46. The nethod
of claim44 or 45, wherein the optical functionality
38 conpiht seshddarfiviang 3&nwhertcer the mextad elleikideciomptises Thgcthoxy)

., met ho f any of.clains 44-46 erein the.l ayers.have
gy Sp e Gy HEn g AR R HE A BB GRS,
meTHS@trﬁEétB;@}dsi&Ee,&%a(ﬁfpr&ﬂcﬁ&?ﬁkﬁlémﬁ%g toA@-BtBx ) P cORté, GRla mixture
functionality conprises formng an antireflective
thorepfer . 49. The method of any of clainms 44-48, where at
| east one hybrid inorganic/organic |ayer conprises
both barrier properties and optical functionality. 50.

39 The Tive hiveithdaff aanWf olhired 28-B8, witZrdif) thd metahglkotaEPshprideg an
formng a protective polyner |ayer atop the film 51.
oligefactiret hod of clai m 50, wherein the protective pol yner

conprises a polyacryl ate.

40.  The method of any of claims 28-38, wherein the organic compound comprises an

alcohol, carboxylic acid, ester, acid anhydride, acetyl halogen, thiol, or amine.
41. The method of claim 40, wherein the organic compound comprises an acrylate.

42.  The method of any of claims 28-41, further comprising forming a polymer layer
atop the hybrid layer.

43.  The method of claim 42 comprising forming additional alternating polymer and

hybrid layers atop the hybrid layer.
44.  The method of any of claims 28-43, further comprising coating one or both
surfaces of the substrate with a second inorganic or hybrid inorganic/organic layer to

provide optical functionality.

45.  The method of claim 44, wherein the second inorganic or hybrid inorganic/organic

layer is applied atop the hybrid layer to provide optical functionality.
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46.  The method of claim 44 or 45, wherein the optical functionality comprises forming

an interference effect.

47.  The method of any of claims 44-46, wherein the layers have refractive indices

from about 1.45 to about 2.0.

48.  The method of any of claim 44-47, wherein the optical functionality comprises

forming an antireflective layer.

49.  The method of any of claims 44-48, where at least one hybrid inorganic/organic

layer comprises both barrier properties and optical functionality.

50.  The method of any of claims 42-49, further comprising forming a protective

polymer layer atop the film.

51.  The method of claim 50, wherein the protective polymer comprises a polyacrylate.
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