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ABRASI ON RESI STANT COATI NGS BY PLA. SMA ENHANCED

CHEM CAL VAPCOR DEPCSI TI ON Background of the Invention
wab@epugsent invention relates to coating the BPXPUSHAS/035887

surface of a substrate with an abrasion resistant

ﬁ%ﬁ&sr@%\r @sr@’fﬂﬁﬁ%/&r FOPPRUARA q?éﬁ%ﬁiﬁzMICAL VAPOR

ance cal vapor eposrtron

referred to as gl ow di sciREPEICHNI ca. 1 vapor

deposi tion, under atnospheric pressure or near
Bmﬁ%&ﬂﬁpﬁﬁ&hﬁwﬁﬁé§sure condi tions. i's previously
known tTo nodity the surface o f pokggfrs such as
pol Vit meserignieaiongletes o saeiensitheadsnps¢owrises dfacabseniervgth an abrasion

EQ Q5 REET oh BrdalIRIRYS S &
r651 n es}{éon ar r%l cér%b@gn@%ﬁgﬁ%?s%% g?éeh S ?192[1 V%por deposition
(PE@:Mmealroay@rred ‘o elrowrybﬂcm@em@aé pans detbiiom i deratigospher pressure
mwﬁ%%ﬁn&%%ﬂmﬁﬁ&&h@&thﬂRg'f'ed in order to provide

rov em cal resistance, enhanced gas barrier,

ad thﬂ mgvioughytking ey toopedifithe sufaceabii pdyroms sueh pspelynlefins having an

daliAblydod LR ERAL B Ry iR brddl tb ShSHvd hl'sAGd f
undgifblylog Skt o‘7ggylau’E;ht ﬁﬁgr?v i'fe et teé’geﬂlf‘?t% é(rji]e&m ot both,
throygh deriosiionef@pdicen esdolyesoDihet eefliymets; fueh eapolirartionpte bavecheen
mmhﬁ(rl}pﬂl&ﬁﬁédqg oﬁle%%?&dl&e 1ﬁf)ro@edsc'hterlrﬁ% ré%ﬁs\‘.aqge Gﬁﬁﬁé&d'}ﬁs pz}fner adhesion,

subj ecting the substrate to corona di scharge at
antifeesaRsKiiss. abrapipe sesitapce; fiaticitlischargs eni@liersd refragivedprdex. a
car (i patdas, 57@0% @ﬁ‘gh@?ﬁthMettaﬁs}rl 1t§ andPadeBbn émﬁ%esfk%%olyoleﬁn film
taught a simlar ocess wherein oxygen in't form of
canrhs dmprqegd byjcreatipgsa %@@@@r £ SHigen 93 de rempung Hx suhiestingthg substrate to
cor&ﬂaQﬁstcHﬁQé at at@io%ﬁfd:rﬁ:’ pﬁ%ﬁgﬁ%ﬂééeném apslfl%{eeﬁ Ee@ge%%l: 3h& an oxidant.
In both processes, S H4, is readily oxidized, thereby
U. $.dgtent 3, ??5 629 fanghila sinilas AoPash Whese Bt @Xpeer infthe fosm of residual air was

pre§e‘ﬂf (ﬂﬁ‘ﬁq%% chfonac‘&hEéhﬁl%@ tr@&ﬁ'ngﬁ Qﬁﬁﬁ%ﬁtggceou §1e IP ﬁ%@&f silane in both
descri bes a C% I nder - sl eeve € ec rode

prora@seén%Hy isgpsialy axidized. fiereby sqquiragecargivlpiingtionite igysny Skesiopthe

:buﬁhhﬁ%&mﬁ&m%&d%?é@@@@t excitation node or a pul sed
voltﬁge excitation node. The aggaratus i s operated at

a r HugRate €609 daseribst xyhigdgalegye elssieds essemplyl angarptug fat
gen@ﬁ@a'd E)lagiga Jl&h@t%@é"ﬁl Y aﬁr RE Fesérhnd @citsFan mo@%rta%ﬁls@d voltage excitation

ounds for use in the treatnent included inert
mogeas s appagasar eRsFRted 2 FRUBh vasrus v Hin Fosking Aap PEESSUER yjefns from about
10 & dbout MEET orN?lO: 00NPR). NEBIe copourdtPror s 1§% treﬁﬁ’rfént included inert gases

treatrng npounds’ such as nitrogen, sul
likerpegapfand Belivge Olei@tt% WER Yoyt Ha M N@e&‘?@zuﬁz@e@ﬂaﬁ@o and SO; and

trea@iﬁ%f:&ﬁ%ﬁﬁﬁrsf?&% QuitrRer, ¥iIfub h&@f16bridd, It@ﬁﬁﬁor@ﬁgthane hexafluoroethane,
stituted silanes, 1ike dichlorosilane ilicon

perflgqrppienine pHC acih dilinet and svbrijivtsed tilsaes | gedighlorpgifane, ilicon

wu&i&iﬁeQﬁ@&ﬂh&ﬁh&ﬁﬁﬁm@m@fOCGSS operating at reduced
sures for treating an o@gpnlc pol ymer substrate

s ucﬁsgé 7&?@7&3&6&%%% BOgess onerfing &t tegute merssusss fptiespting an organic
pol{AfibEbsABR skth B PSIOcHBHAD Q%rbﬁ@@éb&ﬁl@?@ﬂ%ﬂu@ﬁh Ui Hnore

sil anes, siloxanes_and sil azanes, eci al
orgarasiiserompPeds; ingudipesianerssdeyane s apd e Yeh eﬁ&ﬁ’taHY ni ng

tetr Qlﬁbtﬁﬁ@ﬁﬂcﬁ@&ﬁ? MIFSHESHIQRyd2h C6MRAih e BaB¥BE SasbOTAMEsilY promoting layers
| asha pol ynerization of an organosilicon conpoundp

formﬁ%bsaﬁsseﬁ@elyareﬂs%ﬁg eh# qr%anosalﬁen@@p@ﬂn%%rbeewswe of r“Pstﬁnﬂal

absPhRPA6BBed 2L FANBEpRYd BI1FFALS &P bR cERAhN Y [hydY &irmb® [Bélpresence

in the presence
of a higher level of oxygen, preferably a stoichiometric excess of oxygen. Similar disclosures of
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of a higher |evel of oxygen, preferably a
stoichionetric excess of oxygen. Simlar disclosures
wWoRk@enessses and apparatus tor use in these prPCEESHE5/035887
are contained in United States Patent's 5,298, 587,
proce@se@a?ng agga'i_’atml §se4§&es%%§)ce§s& OO Q66932 d PRl pbRe 5298 587,

gust 14, 3, there was disclosed a corona
5,320¢73 et 476 7|L§‘|5ocess for surface nodification of a

p OIh Y1003 1088330 abBlisHRE RSsSB4, Y0030tk featd @R@b& P4 corona discharge
pol ypropyl ene, enpl oyi ng volatile or@?n03|llcon

procegsRLAamodificaion o r@lymer wbpise stRepalhiorbsrirasatesr palppropylene,

empl&SR8SIMR &%ﬁ@ﬁﬁ@dﬂcbﬁ@cﬁnﬁsaﬁﬁ Exéiﬁ;blé‘@ a two ste depos1t10n of an adhesive
tetranet hyl di si |l oxane %ﬂ?ep05|t|on

organggilicn ayes ¢ tmn&@yﬂda%%ana éTh@SPétf?lgOé‘ieﬁ hy Srreorgian qf @ atligon oxide
layer (sifESttacBforfhbS HERSTHOS) AR d@%icd@NtThe BRbAY 8p 1dyel @ Both steps was

. steps was air. Despite the advances in the art
alt- di scl osed in the foregoing references, there remains a

negdpiteAhOEAMhEE nﬂh@érgchéc}’os&mﬂQﬁ@ﬂMegmﬂQfe@e?ér@@s &k $4ridis a need to
coatlng on polyneric substrates, particularly those

providg afighl adhisrephabradongHE Y ea8s ep H‘Eléi‘in?ﬂcr?@bsﬁé‘leér P@TIQ}%%Y those

organfifelynidsic B@Jsﬁﬁt@?&dﬂﬁaﬁﬁ{g\ﬂoﬁfr §rou§&0 kot hbﬂdlﬁﬂl@th)acrylate polyethylene
t er epht hal at e, yl actic acid, pol ycar bonat e

te‘eplttbarll‘%t%upﬁliyﬁﬁt“'s%PP%E%@arb%aFP W@H@ngd‘%tm@i al ., Surface

angh-Ko@tol 0135 ot EE CORRLOGY Codihbl Techholopg 13 1186y, 144 13@@&902000)
di scl osed_t hat %ge of N20_oxidant in a vacuyum

PECVD
disclqspeiieiase RGP ERUR PaRrurR FERCTBRIoeS Wepbsrtitehiniagreased

depodfionFhtbd STRNicth Qiskidechih! Waed, eMAr Hang@uirdd9, 21 £@NYMI2003) disclosed
19, 2 1 10-2114 (2003) di scl osed certain pol yneric

certaig ipplyRglifesiioganei cAYLISH PRIy 2iyosabsrsSERYD techpaaas
Smnﬁﬁ$amhauﬁénm§unnary of the Invention A process for
prep arlngaa multiple Ia&gr coati ng o urface, of an .

or AR B IPyRETIEA WUERE e ORRg ik STHcr PLEN iy Polymeric

substRRARVIHg § Gt AEPa RYoABARSe BY mBAIRS Ethﬁﬁphérldlffrewé £loG! didharge
di schar ge dep03|t|on t he roces

th
deposiippihe &FpiPt dsBERTeE RgPLsy 8?40 g arl@fer ff5§ éary?rb?f aplasma
polynidridéd)BptRally oledr] &gshosiBgdh c6@pduyid Ghidalie, sufficg N Rsd d)ﬂg@lﬁdﬂpolymerlc
ound onto the surface of the organi ¢ pol i C
subsE{HY AESBI | PRRTHG B E e dERiTion oY bap-GS BRISF g comprising o
sﬂwoﬁfé&ﬁﬁhﬁlg @Eﬁgﬁft a@d @ﬁl&ﬁﬂly @n Biddnt (rea K101 ghiasd MGretafter in a second step
AR R R A RO e
compdﬁﬂ%ﬁtdth@@(p@s&ltbbﬁicﬁ R dardl firyt wer Bpaﬁnokpawpréssae@gldw discharge
yer) nmeric .sil oxi ilicon.oxide
depori g hatrep BT He e ey noRioQR e eReggppherein the
multipig 1@5@5@@3{@ 6 tHElRsS Uf £ 1@k }dh sedar Persioe pRSéthice Mesdthaf or equal

o2 G s SR e SR S0P s o e,

soogxﬁgmng has a thlckness of at least 2.0 mm and an
ab asi on resista Ss t an or equal to. 20 delt

Fe PGP e M T ey PReS HEBSHPSE: ATCLITh g costine
ona §u®fae%$fM1 bikarié pol%bt@%ulﬁdﬁﬁ@h&vm@@ﬂr@ ankied sgdohd sﬁﬁ@ceﬂfy&ﬁeﬁﬂs of

| nventl on addi IOV 0CessS
iPerese S A R Re Pafam. L P o oS PR ising ) grpositing o
layer @filgEiNeE) d7Qlpyaama IpGlyﬁabHitSd Ih@hgl didvrem®r@ndsilicsh c afighodnd onto the
surfagﬁeC e %r%‘lg%cr ! gglgquf ISlgﬁtrat%] ﬁple %{l;gm) rg%eshlg% r(ggglgagg?e c%lpgsy\{ion ofa
gasedﬁ@ pdtihrs b&gprls)nghhﬁlﬁlﬁhhd)ﬂﬁgmﬁg teayeit afdf dpfldﬁallﬂl ay exx)daﬁm‘ and thereafter 2)

depogwfgﬁdmﬁr rrgrr(lts‘%gﬁid layer)%tgla%olyr%lggé S5k txan%ro s 1(90%1 ox18e compound onto
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surface of the organic polyneric substrate by
at nospheric pressure gl ow di scharge deposition of a
W@2®e0us94i Xt ure conpri sing a silicon-contai ni AYI/US2005/035887

reagent and optionally an oxidant and thereafter 2)

the ex‘ﬂ@@@ §L|rFa1'cE1 or Qldiﬁllstﬁ&\fe%J M@sﬁnhe(rﬁ%&&ge l‘gl@%%ﬁs)chzﬁg @eposnlon ofa
ol ymeric siloxane or silicon ‘oxide compound ont ot

gaseow@&ccsﬁanrfs%én exidaphang afsilicgp-cordgiaing t?ygeat #pé ﬁﬁ@ﬁﬂe@r repeatmg
steps pfaﬁ& S}Ja[t%agﬂ &1\% ﬁilbl%qg' ﬁt’é&ﬁ"e Qﬁgﬁ’iﬁygﬂ Qﬂ?as‘i.gn IQSIQQ‘ﬁ EGhim .

m xture conprising an oxidant "and a sillcon- con%alnlng _

r dag Apither eplpdirpeat. dhefrresent inyveetipmiprgyides @ peocesy fegrpeepanin g multiple
layer !:(ﬁﬁ‘l%é onoenﬁﬁfaE@éf%nfo%aﬁE E&%@rlcasuwllﬁe' hla@)fgﬁ ﬁrs@?ﬂcﬁask%d surface by

resi stant coating. further enbodi nent,
meaniofrf@wﬂwhqrmpéwur@alomdefvhaé@sieaosﬁw@ctéesgeprs of ther rpémssmglpalsmg 1y
deposmﬂF hiiReeaY8kr) %P@f)lhs%ﬁ p%Emérééﬂr higgs aﬁere%ﬂo&ﬁxg:ﬁﬂh&l compound of

meri c substrate having first and a second

the fog@ﬂﬂr 2 CifyhHhrenirshestrizee ab9p ﬁ@we p@lV@@rscLﬁubst@Feow atmospheric

pressdi{é @6@@[&%@@&@@&1@1&%& gﬁs@&s%&hﬁﬁe R Itlﬁ?% spﬁg&ﬁsc%ntalmng reagent
onpri sing eOSItlngﬂ aer |rS aer
Pysitigfive

and omoa@lwnm%ﬁ ShegeatteriZy fm @V@%(FR‘)@M amhof a polymeric
sﬂoxaﬁ@&@%&@g ofide E&ﬁpoﬁﬁ’& m&‘oﬂm A bko thlEexPblel AE R of said
he organi c polyneric substrate by atnDs heric
first lﬁp@lglsqu@spépr@\prgﬁsgrg ﬁ@ﬁl@ede@@%&y af ja gpseeyrs r@x@%@mpgsmg an oxidant
and a BliXdnWoBtaGiiPrlehhNGh@eigi | | con- contai ni ng reagent and
optlonally an oxi dant and thereafter 2) depositing a
urty BamimbeRfEem 0 &eb®nd | ayer) o f a pol ymeric siloxane
Ofx ish hinGoh fxd letccogypound of the fornula Si NW CxO yHz-
onto the exposed surface of said first |ayer by
atib3 PHBPITEOBr @3r® pl asma deposition of a gaseous
Mm% Mh@n SR RN B1 8%.an oxi dant and a silicon-containing
reagent, wherein: wis a nunber fromO to 1.0 x is a
nUrBet nYplsniom0td03 0 v is a nunber from0.5 to 5.0,
Z & & Shuibbesmbrie®m0.1 to 5.0, w is a nunber fromO
to 1.0, x'|sanmma fromO to 1.0 y' is a nunber
f ryofﬁafl“@b@bfr?;md 0t%96.0is a nunber from0.1 to 10.0,

wﬁeg%hmnﬁgﬁﬁ&yqu@h@olayer coating has a thickness of
at | east nproved adhesion to the substrate

whereityihp, QPEE’I% léyea C@ﬂtlﬁg b ajthigeessob gt Ipavh? B rmoinyo Y @digsiqnds fhe

substi@¥ icEi8pardd aas'ﬂlgﬁ*lﬁ}@‘ﬁ tddfind (ﬁ%h@ttﬁ@ﬁﬁcoh BRide, taﬁ@ﬁln MrasRAURkistance less
o 20 delta haze units after 500 Tabor cycles,

t
than qrgape] foerd dslizbazg Pﬁ& aft%f 5&%92&)?%01%%4“3@315@90&%@ g ASHg\d 1y 044,
cswmgdlg 500 B wRigh® 118 a RloRf REERMA RHFRchEEps 15 hRPS) of theAdEbgoing

of the jforegoing process are repeated, at | east
Pfoce%?r?éféePﬁﬁFeé‘ 3 [gagh PRYS ARG fa prﬁyﬁqeuaml%ﬂnl%\&wa abggsiogdpsifant coating, having

improv@BlexibANYy, ERAilit) 8ad NF¥e MmbARAOWAEhieXi bi i ty,
durability and surface flatness and uniformty. In yet

aﬂ%tfﬁéfmtéﬁ%&% figispt o fhedpEntion s ISeFPvidsd F‘é‘rcrcsssrf?rdwla"é@g a
coamﬁg oRBQEESS of H oRiEPFIngic ButsRAL hi\GneQTiret 254 b kéBBd Qffz8 by means
éaanlc pol ymeri c substrate haV|%%g$$f|rst and a,

HEPSHTF T eY Bt HEPostion il EPIress SURRIsEpifpositing 2
layer dﬂaﬁﬂﬁﬂfagﬁlﬁme&i bptlally didag hﬁg‘hm%lﬁ'éntt({ﬂghnﬁﬁﬁ&ﬁn&‘émpound onto the
osl t 1 ng ol a asm

rsi n
surtcs GF i ey Cap B HOGHFS AP R RS RBURF Sebostion of a
gaseoG AR bt isthgtaR@icon-containing reagent and optionally an oxidant, wherein the

conditions of the deposition are such that the layer of organosilicon compound deposited has an
average thickness of at least 2.0 um. Highly preferably, the layer of organosilicon connpound is

deposited onto the surface of the organic polymeric support at a linear deposition rate (that is the
3
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surface of the organic polyneric substrate by
at nospheric pressure gl ow di scharge deposition of a
W@2®e0us94i Xt ure conpri sing a silicon-contai ni AYI/US2005/035887
reagent and optionally an oxidant, wherein the
$el t
rte oSG B AR B S eA Sl GRaRU Ry BT LR phStet Bt hrom 1010
1000 ¢m{m@kness of at |least 2.0 mm Highly preferably, the
| %ﬁ%fhepémdeQ %IfJ)IJ aﬁ? On LS @ﬂ%odlﬁg%n{eﬁtloqgcp ?I%'cés?ég vgfgr&lttﬁ%ecoatmgs
surface of the organic polyneric sup at a l'inear
are applégdde fheifst ané@eéor(dt sidace 0§ the legapie @olamemubwateh e
%ﬁ‘%ﬁtp} gﬁéelr%geg ogl &%@g%ﬁi%ﬁgmmﬁﬁ TR ¢ nl%fsuﬁétra{e% r thd foregoing
depOSélﬁm oeiditions, ingrofest adhesioncfi thedim tdvdie sibeivaserisiobiainadd It is believed,
witho rvﬂ& ge %ﬁfd@y@u@h ?hé\fotﬁat thig ﬁsnﬁ{ i§ aeB Itﬁeefgtftttﬁ)dttrgﬁlced surface
irst and second surface of e organi c polymeric
degradatipis ot the Bndedying pelpaerici sn@stltawéeﬂuhgx@rmg)fhe dergaaiegiprdcessn The
RO LA o B 085 1 g e o
of chat gsd praguets kpstliing om ghe @!ﬁﬁl@ﬁ:ﬁ@s@lhmg in diyinisbpd degeadlatipn phihg substrate
surfac/ é@cﬁﬂg tQuba CHBH 89sslo% dﬁé’ﬁ)h:h%éd Iﬁf'tlclets Bﬁﬁeé Rigalseaid r{)Q)SSlbly
'S o the fact that reducéd surface gradatio
increagddesurfpredimnoyipprdizasionydue £ generatint af sqaetive e‘bgmc%l sHeRIpRy redqgents, such
as ozoan r g@(ﬂh&&ll? I e Gfich of-”@ﬁeﬁ[tﬁ% %icdﬁosﬁfcoﬂ ﬂ%&ﬁct g Soesition, in particular,
trogen, or atnospheric gases during the process
1ncorgoga@9@ ggpqlznémm;iawl glopRs tlggqlh a@pwg;ﬁ)amgweé flewinidityg of the resulting film
as weﬁ gssﬁﬂp}dvlgg c&ﬁ%ﬂﬁﬁ\mm [ﬁ%ﬂ BO ty(n@ﬁé"iubétﬁ%s SﬂclgélSrHONé; 'ﬁ)q
adat 1 on of the substrafe surface, especially
pOb@ﬁ@%ﬁ@%@“ﬁﬁdPﬁb§€ﬂ§§mémohnﬁmto charged particles or
E%)eché it futi lﬁgﬂrsp%slﬁ bOlah S f@égﬁﬁjg SHbJd@fén ts, the resulting film
functlonallzatlon due to generation of reactive
is moxg WQWPWO@@@@ ll@gquer F"é&@%ﬂﬁ SS angepticgkclatity sgmpared to a film of

similofHKhéR @étllt!n}img 3htly %ﬁ@l‘éﬂ/é? n l\/f%ieo%l‘egrézﬁe? Whirbritfity of th e resulting structure
OrganOSI 1 con pro uct COHpOSItlon I n part|CU|ar

is achjepiedorhys 6 Beifash thet imperfestionsimenyi iffigitual ayerpse mpskediof compensated by

the pr@éeh&vﬁrén%nlhgﬁgléfy@ﬁhé éoﬁ?f)bgiel ity of the resulting film
as wel | as inproved nBatlbl|lty wi th pol ar polyneric

s d@spre&r@é enéa@melﬁsthbﬁ lexar lionbitlayer 1sBeajing sl REiS At e
organB¥MEx e kR 1Y h&l%'tgpﬁf?ély (ﬁnerﬁ)ﬁn ttltb@etﬁsr@suﬁfng N lidahiRl&d leveling
|a ers as in certain of 0r680|ng enbod I nrents,
of thetm)étlnl%kaw¢rtﬁlmg Mareqyer; the ﬁ@m@smmg@ wogeasepahstugstiopalisy and
decrefsbﬁ ér@gsﬁnlt h@htsft‘}e%p@ﬁ@ tPpRlck Q@l:mﬁ[lo@i'hbﬁs)’th%w ﬁfnﬁﬂaﬁ&)u@ly providing
sim lar thickness containin one

mcrewl@@dl@g strepedede atbsiipigsthaying plardpngtipn t.‘/raéléum?mﬁ@d o Rbitiy and

elong§t¥o§1u ﬁ{ 4HdRion Sth@ SbRM SR, Sgchturirh A8y ERrisbd B exposed surface is
i mperfections in any indjvidual layer are_masked or

substantipyelAdcingsa opgpnic Pi‘é’l%‘ﬁ% duhrelenblyivhralinaly sflagperer apilicppoxide
Jayer &Qmag%fes@r hdriheds, Rugfngés! £ 6R108RS®Rtce. t he first layer

InN a pl-layer repeatlng structure is an or an05|loxane

t Haﬁnqther|e@¥)§dlmﬁ@| of the PVERTiopalie FeVEneRgEIPBHSTSHY bR, comprising the
polynfehi8 5 ath GSdddeioR ShofeNayeIRE @éi%gltdd%\/gﬁhdsﬂﬁ:oﬂfzorﬁﬁﬁrmahﬂ ¢ & more

layer film Mbreover, the conpagsition includes

layers qf @p@a@@a Slbﬁmorﬁuqumapmwms FOMRYEE  8GYL EPTRIP BT Gfjgmatter

Prefeg&f@h{p}ésﬁ&ﬁ%gﬁﬁ iffrofdd MBFasidh tesBRNRASK N ﬁ@resﬁlﬁﬁg th.)bture ideally
si mul t aneousl y rOV|d|n% i ncreased bon strength t
e

suitecgryese A e $XPRIV] laypr gl lestie glaging sfnshorg fpr it i gp. windowis and

other hutiepet Bf doninYer@n hdal ti@ﬁ@l?t Ihﬁlﬂple lYeritdithied Mhat ishanb@eeebntaining
| ayer, which ultimte nPrlses t he exposed gyrface

more fhan gpmeEaiiveilige lﬁyqr%?&*ﬁﬁnﬁfglgi Topeys g ORI RE Silgigpe of silicon
preferably is a polyneric sil oxane or a silicon oxide
| ayer that has greater hardness, toughness, and
abrasi on resi stance.
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I n anot her enbodi nent of the invention, the resulting
conposite structure conprising the polyneric substrate
waeaeosmspr nore | ayers of deposited organosi | PCDES2005/035887
compound and one or nore layers of polyneric siloxane
, il - a.novel ¢ Bk
oxide ga%elﬁzadotss?ee?spl ?(? ﬂ%{e?rgﬁtg%ﬁile ﬁ?ﬁ%%fxlegrbc%sﬂggasng olr %%\?}z{g&é Bper,
withoetlsnizstantial lpssnf shrmeesmdm pgpdrhies. Besaficiallyghis alayestthy @eposition of
o 0 d. |
tthkelb%Jq Qgtullr%/re% aitt, aﬂ/elfs ers?eggaﬁﬁ 2 %g?cegﬁ%oﬁl% 1art§%1ﬁchg81£eésathat possess
greatepsundoslatagse awt Ltméprlrairytand hrgsnapé resiganter weakagaldidtdelamal dtion due to
strain HHL% Sl?ll I‘oe 1!1 Y& thesé etrlgrsﬁéxané &asﬁhcbrfoméet JOFl%I)HI{CF S
co nmore than one organosilicon layers
alt sﬁfmted pgbadimént pithepreseahinvewtionpis cympasite caprisiig e cdymeric
1] 10X ] ¢ r
s R LRG0 ) Y8155, ROPARE ik TN LB, s
secongipurfaoeiindepehdantin havalond @rssorgfay_a‘s pbdpesiicd eghmsisen compound and
e U e S b b G A
depositedymganosiicwenil nglyRerm sﬂnxatne oasilion oxikp Bges exdeeding s ar tptal
thickndiceater surface flatness and unifornmty and are nore
resistant to breakage and delamiiation due to strain
Brief Desgriptionsifdiyhwingsayer of the pol yneric sil oxane or
Si fi (o]
ok R AL e L oA bR Thehd Beposiion
processubstrate conprising one or nore |ayers having a first
al’i;ql 3 is &t ggraﬁblﬁ qu esude%&!; 91} the élg:?roéé zfnﬁtcoﬁﬁgr e?&ﬁ“?&d
surface 1 ndependent have one of more layers o
déﬂ@§u8@dﬂbﬂgﬁﬂmgﬁhq%@ﬁO@ﬁwﬁbﬂWﬂEQWMﬂpﬂ@%pendentIy
FE 4908 By PREEof aﬁm@@eﬁaﬁmeﬁa g&%ﬁfoﬁhé QEARRe Bftlet ports
SI| con OXi e conpound,” sai d osited organosilicon
arfiig. ok ¢ pebeinatiosdr Mnmfeaneﬁhersﬂiultﬂémra@s@@ét Hpmpanents in an
appar@sci%?géqu a]gmﬂokﬂﬁeltu%@ésu& :Bla%y ﬁ&%sm r@JessDeS cr I pt I on Of

g s an Il lustration one appar at us

1S5l G HoVhBC HETBS TS (I b@zgmaéleppfa?@nfﬁd HepBErYaleh 300 Teber

qmbﬂ%%, ion 6F @icksess. S an illustration of the side view of
ectrode and counter-electrode. Fig. 3 is an

_sgﬂﬂugﬁﬂmﬁwiﬂﬁLiﬂﬂﬁlmﬂeIectrode with slits as outlet
pq{o'r'rTg bicd ]pf 6‘n1{e§ S?a%s ;pht'eﬁ‘cﬁ)hfcﬁﬁé thd c&ften@é'bf%':f ﬁﬁgrﬁ Rt aflication,

geo rode outlet ports is a
or pu@@hmﬁ enenqqddwe.rrgar@lﬂer@yonq@morw by afprencgrip éwgeeﬁ’érﬁty r the
equlvglglm§1§n fher@ofqpsoqm&été’cﬁb}f RfereHS§ ed Qcﬂﬁl \@ftm%&efd the
pressure plasma deposition process
discloisyre pEsygehetin teplaques, ey mateHals eyld gﬂaprelé@owg%dswttw Crhfess stated to
the CO%H‘%t €8 fBflRy coﬁ@)@c JAR&hm&EYGh @S a@%ll%afté"é’iﬁ%e&@nt@&re based on
ss. Detailed Description of the Invention For
Wﬂgﬁurposes of United States patent practice, the
qEE b EndHer @ YneREHnP RbmpRai 2 Rhd @&PRAtveRhbRBS is Abt inten ded to exclude
publication réferenced %ereln are hereby incorporated
the prissneadfan additiqnal compprent Aep Pratrgeedisr. vhrherejuiol e eame isglisclosed
hereiY, Sth kP tc; legfdea %dé&t a9 cérﬂ}%‘tﬁftﬁﬁi ik lQeYelﬁ 2h SUBRSEIS the term
especi al | respect o the disclosure of
comslqugﬁ’emaycnqlwi?wny @ﬂﬁ‘é@nalraéwﬁﬁf‘aﬁ@wam gt cogpguie Halpsgstated fo the
contr%ﬁ‘g‘gm &)‘ﬂ&&‘st lth ttnrﬂ? “&nbistidtkRaSal S loat @ﬂ)pEé?mfg m@reﬁp B)Echﬁé)é from the
Iplicit fromthe context, or customary | art,
scopegffanyy grceesding decyation apy gthgrcgmgggeg@ stgjor procedure exceptmg those that are

not essential to operability. The term “consisting of”, if used, excludes any component, step or
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wei ght. If appearing herein, the term"conprising" and
derivatives thereof is not intended to exclude the
woee@sesoes of any additional conponent, step orPCT/US2005/035887
procedure, whether or not the same is disclosed
proce(ﬁ?g r?dt Q%ecl’fﬁal a@ﬁﬁea{eg o?{f]s‘?écfj T4 %’errq Objlb tunlt%L Ltﬁt@@ %%?\!V{sé qgl%rs to the
|n through use of tlxe term "conpris
ldemmmbﬁﬁGMHQQMth“@ﬂd$u1%w&bmhmuanve adjuvant or
C %%9 renlr'ﬂla- Rir “I%Bl?&lﬁqc’t Igfel'shg F&f&ﬁ%ﬁ? %/ubst!aﬁhgll‘yﬁ{l@l%é m fissures,

term consi sting essenti a appearil
cracksmﬂ eltn, Highly [dertreldy.ftheyyplig &eék%@eém@ltm eﬁﬂyhm&lsw@dhﬁgl 0 percent of
the thlﬁﬁfékst(ﬁ{tllleos%hﬁﬁyer %qurle SRARO nﬁlréttermS‘ELﬁJgt ?ﬁallgr 9%%’5 fe ers to a solid
excepting thoSe t hat are not essentia opera |
layer hpwimgtaenasn thidkness steptathert or agpal gsddercentcif thpamaxdmypm thlckness and
lackln% ﬁ%ﬁ'}ﬂfﬁﬁgg éﬁteﬁ&ﬁ? Q&t&&ﬂ&e}% efcehQF th% ﬁ?fﬁglirlfeésc\o"i1 kiley sohd laggr from the
ell neate term"or unl ess st at
surfacet B tans gsilicowprades referstheoniiognds dontaine esledsheipme siliedn grygen
o R 06 SRS s B SRLYGAEL e f e
The terrg(‘;‘kqgmg)siquorf ¢oglgg|1rné referp tcdospayngs pc}nltegnmgb@h sidicon and one or more
t
ahphagce %g&e Hip? 18? r(})p %oﬁgdéér g%(é np§ ?c‘deq gr&:'ﬂﬂkc; ’ﬂhﬁ glélgc?ﬁoc?%oglgl% 8ne (()jr more
oxygen ayeggen pbvﬂlqrm@lcgltbpn alews. Trisstobe prderstned Sy hetsk blilgdyartisan, that the
formu}éﬁ bf @k '3} ah&{1R6Sankt %o@/m%m: blg)xhlﬁ%? Gilib AV fAmEAtpositions prepared
i ck ness greater than or equal to 80 percent of the
hereinrpegcgoppirieal Firpklacand nghioleakiforauldef or mi ti es ext endi ng
g F[%@Ee@x?‘k “h@ﬁfé‘/ ag}éréﬂ?’r& %Hhe%e {}E? 1teﬁzﬁ‘sct5 rzl%?@n@sfll 1&&1eﬁl§pdelpgs1ted onto
ayer rom fhe surface. erm"silicon oxid
an orgagif pplymEHc BibsiptsuPRiondbn amnbln@wawﬁh é@@lymf;@ﬁéﬂ@w? ebfilicon oxide

surfac® w&e%ﬁﬁ 'ﬁgﬁtll y@ﬁéoﬂﬁbﬁgorp@o (Kddcadﬁéélérpé%@orgﬁgqg%STM D3359-87
Contal nin | ess than a st oi lonetric Uantlt

cross-pigiyfepe pephasthesion figst Gngdries |SP41%@%1arg6m§l6 uwaberrﬂéﬁ g?tser the adhesion).

Prefergﬁmmﬁﬁl&gm (9"1&'5 @tgmttﬁé Bibstded s%ﬁﬁheqpﬁeﬁ’ Qﬁer%nﬁ'@i’i‘l& 1n 65°C water
hati c, coal hatic or aromatic %&OUDS bonded

for 1 lmur, P grefe@b hQ’i“F:l a8 mogfprefarallyi 4f ddsise Adte Papterblpdy fehno

delamHatibPQSBsePed Aid? QﬁOdeﬂFSQB BeAnBIATBV-B {vedtferfn® 1. Highly desirably,
understood by the skilled artisan, that the fornlﬁ

the orggiq by eRrigAARIETE FUBISET POSYRIPARALS, & Palyplsfin 98 aﬁolséﬁtlkylzaawla’fe

polym@f(' ﬂ{% thiind rpo(gﬁl %’ﬁdlﬁﬁ’e‘hcﬂ&&@fo@@mﬁﬁcﬂﬁh&s i Ec 6PN hdrE, dhcluding
formul as and not nol'ecul ar fornulas. The term. " hlgm

block geiteasiasm eopolymersgefitas mpkecylayweight peghaindranshige configuration.

OrARNARIId fBRathd fo%&ﬁ)?ﬁﬁﬂgtaﬁﬁjo sPHRLO pREsuRd Igﬁs%ac er@ﬁhdéﬁ%ﬁérﬁlcal
substrate, opti ona éd;n conbl nation with a po ererIC

vapor gppasitian eardhe emplowblﬁ tparerentsipyontipiie Fxagples ingjydg hose devices

prev1JE§'lBrtdislcﬁ¥term %f@acs%dtés' P&fén@f‘@yﬁ 390N B2 665NGBL ) Ve S, MGnemuir,
9-87 cross-hatch tape peel adhesion test

2003 k%ﬁlw 111 lﬁoané clsevehieee- timall pEihg Evesora apRaRETes. theeotganqsidicon reagent

comp&ﬂl@ i Eﬁl@éd%@)l vapbf t%faQToQ&blllQ’streﬁlﬁ oﬂ@éa@ maﬂﬁ’ér g8 119 khel V&Sity of an
fromthe substrate surface is seen after immersion in

electrggispre{RErbl byrrassing tgeah or ﬁﬁ?réhf‘p%lef?ws&eflezwoq?e tfhsre aghlgpma is

produbRy dMcBiBr BRhateclfitwRY the efchOdeRAEH %ﬁﬂﬁér @1ebt$odé'1 atheAghount of
del am nation i s observed after 1000 hours

organ@iliGon ApageTIGVIIBUNR BT BY nFiGased BY Useiof Byfipe HansrFas) the vapfpressure
thereoqw@fatsm&@dlaﬁ%ﬁg ForSdkRHb I Ml SRS Ai58EeA mlehaﬁ@mﬂﬂtfsn

olefin, or a paly al k yl )acryl ate pol yoer
achicyigg yAth iRt FRSF Preshre 06816@?@?9%1100? BpEs CQ@OHB%WFﬁﬁﬁE(f due to the
avmdﬁﬂ:g of B ATB R ratir&Gha R ApRoRE iﬂle&ﬁtoﬁgﬁﬂdﬂﬁétﬁ@&ﬁduyﬁﬁftﬁe gaseous
any nol ecul ar_ weji ght or chain branc

mlxtuaeo nﬁdﬂ’@ugfa&hp Bigcessi yefgrmdtta BS %Peaﬂﬁb%ﬁ*fé{n&%spp Bic PERTSHG: Histg be
at nospheric pressure plasmabéenhanced cheni cal vapor
deposition can be enployed in the present invention.
Exanpl es i nclude those devices
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previously disclosed in United States Patent

5,433, 786, WX003/ 066933, Ward et al., Langmuir . 2003

wa 20624910+ 21 14, and el sewhere. In all of the POI/EHINFIPSSST

appar atuses, the organosilicon reagent compound i s
unders?é&ﬂhétggesﬁﬁes?l %ﬁgfw Q oe\Ieg)r gelg‘ll ?(mo%}?lerz%q i erect ér) ggee%ﬁlble as well.
Preferglylp fleropbrtinglpyespus isiatgpsphario ngff@er@v ebovhamesphitie pregstire as

r § produced by
neede&P) Obt%rnl?glgld&' i %ﬁ?g@agé@mﬂéﬁwe@ el ectrode and a .

c Suiitlde orear@@tlmd@agemwemamdmﬁor we heiega fisbide iorgenosileneg epd silicone
comp S8 YR L EGLES . S A i st
compaysilnepntafirong heshenthsior-catkpn bondy @slérhcen-amomnﬂ@nds Thrsirptdy.teg
comp &f‘ﬁﬁ? se‘fsf)qu su"i’tﬁmé X)'opl%escsﬂlfe s{léf'x'tﬁa@ta sYRPRAt f eQ:fom'i)Bl?nd can be

organosilicon re t compound i s pre erre
includedhen the gmdqrwewdfou@lsev’éwesswh@étoapw&@e ttmhonwontammg
comp%%)g Eclﬁa?%g %}gﬁgﬁiﬂ% ﬁ{eglﬁf&g'nﬂ%g Eg@@%gﬁ% (gr tgjre ?ﬁelxttu{bg Igég@ﬁ%ganosﬂlcon
reagerd gemnpendgfopese hensing pihede) cempcrueé%qfrﬂee forrujag RyG[OSi(R"), )., wherein R
and RP %&agaﬁgxygggc fo@ahreﬁsee )§1% g&;,&eiégeagpgmx_k,y c@mmﬁnward% loP¥, 56
hydrocarbsﬂ@xyamq/r ig wn&s@fr@n Orig1p rl\égrg prederied Qrepresibiaert jeagegt compounds
corres grtdt ﬂo(t‘llle%ltnlu:}’a qp@f(ﬁ’ ﬁ@ﬂﬁ@?{hﬁ rSi(@Rpﬁ eﬁs(ﬁ’@)% dt@@ﬁ@?z] OB, wherein

tain the desired gas f | ectrode
”, ingeriendgntl eash geernoeice iscon hwéra@étml pé@f%blmfa@ afley), mpgipreferably methyl
or eth!;)le Rd dhnkt rt] ﬁlhébgﬁiegﬁﬂ RASELABRS 2R mBlrs | QN0 1§ 2. AR dsteferred

eSpeci al 'y organosil oxanes. The terra "silicone
organ@@lm@@lngent sepeyeds apstesiGrgllefdisiloxanss @@ﬁw%galkylorthosﬂlcates

especicclﬁ?I {e@almatﬁ dlgﬁﬁgnes(Tl\/ﬂmgeﬁﬁﬁrpQﬁblggm5n@ (ﬁMDSO) and

I con- O en bonds sirably, the conp ounds POSSESS
tetracthylorthesilisate (%@Qﬁ) Moserrefgred SROPropHBIRing: HHPPWR]sanglude fincar and

cychcqﬁlgzm)élf&éa&g sut:llf'gs t@t?d?xﬂ@lﬂ@lo%& R&ahiRpliidRdadeg t he

rier gas W thout uUse of excessive heat to

tetraakkmlcmlpueﬁrqséowf‘é agd poteadiyl yelaterrsip¥ge oiersh Bishpi@rederyed silicon-

contai‘?ﬂ:h?,f galnﬁgortugaeas%%e%’eﬂme;ehlqBte’ér@rﬁ&ﬁ;'f’léféﬂ%ﬁalﬁf t he
m Xt ur Preferred organosilicon reagent conmpounds fo

usseficiens pridankyis prryided dhipe fhaw of balinse spp Mhifh aay be mixed with the
carrieFga prioPlo iy ﬁl‘%]tﬁe reﬂ‘ﬁ&r 3 la&lieﬁes%ﬁﬁte@ to th8 gﬁ%@@f‘ depobiyce R dbsired
occurrence,” are hydrogen, roxy Ci-l
produply thebis s tejimerie Prg@@ﬁywcwav irstalagfery 01‘. by inereasipgdhe oxidant
conceB{chfGno bynddic sage BV sRTceh 684 RAERN SN COBhdNBRE e&&dl‘uonal
onpounds” correspond to the formula: H2Si (R'2) QS (
compgnenrqsoétl{ecaa@eylzwxw?e ipfudy) ingisubstopscrely. as heleyy orv%@neﬁt}l‘fable
oxidafs unc'ld?g @)9 QFM@@ I{I(ﬁi ?@@ N5 Cae N?@? ertepr¥errédd B&idﬁr@ E—‘sﬂfxpgém

referab erably neth

Iy ;

Additgompl gasesgpeh a8 CQm G N; Iﬁﬁé‘??éﬁf&'égfl ihflegtedh ‘% B’E?tﬁ?“feé ﬁ&%o‘ésr‘élxmre is air
or a IIRES S xfdRMtRnk@eéh. H ghly preferred organ05|llcon

reagent conpounds are tetraCG -4al kyl dj sil ox g

t enrbedirstsie] Ry APt 08 Prifanhprasent ‘é§’6&¢‘c‘?g eﬁiﬁevere Timited depending
on thd &s& B WM e 3t daRos@iten cIfidmhd mafBX3n@ 1By Pheﬂdb@( @eQuantity of

(HVDSO and tetraethylorth05|llcate (TEOS) .
oxidapy igftls werking pasi( e bl Lalrpreiae) SRS Stamdl O medg R pEspreferably

less IR, CH6e! p@rcé?l'f SRINGSL FréRRMY 186 @indD1 muole percent. Most desirably, the
tetraal kyl di si | oxanes, hexaal kyl di sil oxanes

first steprip eepdpgeddy the é@l@fapggllapwgwggn Sidant. Itisto be understood that

adve&ﬁbﬁ@ﬁlﬁﬂﬁtﬁyg Ry S vAR th 6RABIS be frefbin the %hl:ﬁfolﬂh&fl,ﬁ?é a@to
i concontai ni ng conpound far. use as a rea ra

e
infiltiation, Gom MFWP@‘P% AFROSBIISES: IMRFitiosch 1S5 AN Baor physi-sorbed on
provided in the formof a bdl ance gas which may be
m xed with the carrier gas prior to entry into the
reactor or added separately to the reactor, to produce
the desired product, that is, a polyneric
organosi li con conpound as the first |ayer, or by
i ncreasi ng the oxi dant
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concentration, a polyneric siloxane or silicon oxide
material as the second | ayer. Additional conponents of
w0 bwegawepus m xture include inert substances BUDHSHS5/035887
hel i um or argon. Suitable oxrdants include @2, O3, NO
the sulr}%‘te slhlgfgc dg%%glﬁ’gfﬁg éug%lg@ of or %ncps,{sl%]é%r&ér%ﬁ%fmﬁfgggﬁt 1%t¢he gaseous
mlxturenls Irrladmmed fin tiie sangefiom At lpasefoepme qbrerjerslelyuas lenst 200 ppmj ahd more
preferg%lg aple%s?S db‘ Cfp fmc% noft 61?5‘%1%% Wpé(b PRI té)lr?o I’llaly Ilolg %rteat% 'Ehlan §600 ppm,
and rr@efchferaylylnpmrea&ﬂ thjle éotppny Rmu¢ekie1uaast&swf bdgalwisﬂxctm tch@ound in
the re?r{‘%l%ﬁl Hﬁ)g[{rjilt Irei%gl@l ¥ (g[g?&(j%% CLe0 at?r% &%?\DS %eglhll lgv(a?edQeveYS can result in
gas plplsmmlctiailcandecfgaa Yauss poaa §ibn quadity 311d®Vﬂ’D bewam fgremation imshecoating.
pregf
prl_g 1?1& %%ﬁbl glzezﬁrisﬂ% 8 r%aimefdelﬂgé a?rm: aﬁ&}ﬁ}bps laql}m%tlonahty such as
hydrogg@sir hgbbgarbytohg fifnctigialityt Bpsiiablycowhl ﬁmpgdnalmy tchimprises from 0.1 to 10
t .
mol pgrldp er S ei ﬁ@?oqﬂfée? | tellr ?Ll%g 8%hl%ﬁghrod{lét 1!; §ls§ Q%Ik)%?/%detﬁ b\evilfisF highly
cross—erlaeyldhaahalbrme hdly pridzet tay¢rrthttrbhy inpaiting dwetten fexibilgy thutbe tonted layer.
The ﬁ:rs!ri]r%{a)?]% 1%1?%%5%&8;051%&;3({11%52% sp%cgr{eﬁfég ﬂ{e%gul‘l?iﬁ){@%gg?ﬁlg cO s ction.
Moreqyet, ke sernd fayart, endsta ﬁ@ra@eitenms firsabysr, d@h@bb(u:amprlsgza wfiall but less
than 39&%}9&111 (!’ugﬁ)cgy BPMR%H dfopéx%flgt in'tf b oggﬁlg%%tr[& $ditiSnal
I's nmal nta I'n range from at | east ppm
grouppr Bieéerabh, § <8N < |1@a8i: 0200< [bp[‘hghébn@smahly, the ess@tingpmyltidgyer coating is
.£3S not greater than 10000 ppm
]nmm%?@?%dﬁgﬁg greater t han 8000 ppm and nore
prieflerpadress qﬁ the pepserd ieventioh.n{TicGdOpgyem 43@ﬁ’lm}é drequeney are applied to
an elegﬁj@c[ycoﬁﬂtg%le {rod%rpgi? Erlté qthafitliR 9#[2)% Idﬁcﬁagﬁ &fn Q%Jcin%%etween the
ture resu in re uce rates of” coatin eposi tion
electrwtn dnd celntey sleethdbeVled powsndensieyd based pmekpatrogstratface area exposed to the
rf
Pl PP ROURRLPRRY sl MRk, Sl AR Bl o
least 1‘(1 Weim'’| zgl @referany agtreseares a2 Wmganere mra@rabry 1196 krgater than 100
I
W/crri2 %ﬁtrﬂo %fh%yly ﬁﬁggea‘?e? ﬂFX % UL rh Oﬂhﬁ Igt ?%9&?’ lpéjtjeﬁ%‘%ly at least 2 kHz,

UnCtIO Ity I rab Suc

more prfiysabilsadeastSddiz0am mest Il@feﬁibb’ aplepgtd A ikt andrefgrithlygioy greater than
I r
100 k?rg, rﬁ%@ Fl e'fe?%ﬁf gt %ﬁ%@tef r%ﬁlpéotmﬁgargl rHﬂsV Elfeféribl? élép%%%r {EMER KHz.

ess cross-1 1 nke
The coxerd aprdigd t%b@lecmﬁ@n@ywaﬂyrfwar 10 tod Olﬁ)éﬂtveqﬁs,fnrefﬁrabf;l frany 100 to 1000
wattstag B@l?tlaﬁ%‘?tl &8 §OE@6§ RloltsTpt‘éfefa'b{ysltOO It@?'(ﬁéO(*) U@?r ts inproved
Resi on properties in a nu ayer
c ohistspasigi berweentledtode and cpweerse&?@n@ i ay@”rclenm@dtchleves@deustaln a
. I t
v S Pty LKLy OSSN, FTEASELR SR o
preferaklympt more ihan 66 mnf, grone m‘f:fe@blr/ rnebmonq ithanj 2emmy, mct m@ﬁ’q areferably not
more aﬁli@grgrll Pfh%f %Et‘%&eyﬁl? ; ouﬁtey\éle%tl%gf alan)tlpth% e‘i\éctrodéland"h%u}fter

esir e resulting mul ayer coatlng 1S
electradmioty hetitisd a/rth aidicdigirip stepvenié desitet In aove anthedisrent dipselesfrode and

count%meo%@é@ﬂtare en&?s@a rvﬁ afigh ﬁén@eﬁa@&m PRYRAnt AR RS IHcYsu@hSs a ceramic.
regquen

areag to an el ectrode/ counter
The selpséreterf@bpecopfad may be gipperted onidsprited baitlae eougten pleefrasle Rapther wise

suppdr{éd &h P %an oibcﬁé Pasih ﬁl Brndeletb BE E&Rgc%‘ed%qnﬁ%g(ﬁ 52 at least a portion of

ectrode. ower density (based on el ectrod
the plasmd geoeraigd brathe ﬁ@@mﬂa apdycoppier qéerca@ﬂea)Fq@hwep@P%ﬁ this gvention, the

terms e%ﬁgde]ang\é&ﬁ{%r el@&fo%e ere%e%rt@f%kéf t&h _ﬁrs? @ﬁet:trgﬁe\%g BRecofdBlectrode,

preferably at | east cng; preferably not
elthergqf@émcércam bronelaziger wﬂeﬂae othﬁrdre@g@pérsetﬁlm%arﬁé@ orgereatderi The flow of
than 100 WcnR, and nost pré&ferably not greater than
50 WcnR. The frequency is preferably at |east 2 kHz,
nore preferably at least 5 kHz, and nost preferably at
| east 10 kHz; and preferably not greater than
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100 kHz, nore preferably not greater than 60 kHz, and
nost preferably not greater than 40 kHz. The current
wWa@ppbioedt o the el ectrodes may vary from 10 t oPQOUSDO5/035887
watts, preferably from 100 to 1000 watts, at
the capﬁgr gm’ﬂaﬂh& fs, to%chEIC\mﬁlqm,OﬁerﬁécgeB@rate@ m&he W:l?rhby of % di®trodes causes

vol t's. acl n between el ectrode and
plasrr@@emnémzeé peadbetdelbe 41@0%@ qmt@ thesprfacs obiknsebsrateraitagied feythg counter

elec’cr@deV rﬁ‘mwdQn Ele%'ﬁﬁ?&ﬂ |a19¥1’e<91’o§é3€91; 98 huitaME 5B Bxyldéﬂ bét@@e%tthe

nor e erab ﬁ%‘ st 1 mm and preferab
subsmq@tandrthp elegtrnga osdecﬁw@es reghansieffdhegsrmier gas, bbrmr@iupﬁ and zreﬁttached
produ TR AR thelaf felq ?}%&' torb%vefmﬁﬁlr&&%f exBe Mot iAE of contaminating
el ectrode, the counter electrode or both the el ectrode
gasesaﬁﬁdectaﬂléaléount er el ectrode may be fitted with a
di }%f‘éﬁﬁl& kite v%lo%ﬁ}y §f thé {otaggé Hn@cqre tin%u e %[E@QQ&J@@I&H&J&%air(S) is
e

el ectrode and counter e ctrode Cglaﬁl r are encased
such {hptratableplasig i founpdelaving for uaidersr Genesitifnepierolymesized profuct.

Desuﬂﬁy,%e%fo@l'@ Grthe B8 payd ?Hﬁ@}gﬁ tﬂe%xﬂ%oﬁﬁ@'é@ féa&%}ﬂo&i@ 05 m/s, more
Orte or trans or he counter el ectrode or

prefe@bgf@r leagt ahoutQihpibs ﬁ%mshpl?’ﬁ@bw 2 lqaptiahous 0.3 més; prchiiigrably not
greaté? rtlga‘ﬁ abduP 1009 /8, rHi(ﬁ'Q bREr®lynot PRABORSh M¥udt00 BASIndanost preferably
portion of the plasma génerated by the el ectrode and
th@@@@ﬁhﬁwm@#QQQHﬁﬁe For the purposes of this invention,
t g, BRI RL Gl LcREE AT GOLNH S SHREVE BMlheaf & nadiibof
refer to a first electrode and a second el ectrode,
condustiv@ements spied RTEaiAN@PBOV ERIP 2 depcior eqvipre vt RETIGAT ggf flow to
form 2 BHAS blﬁﬁxllaywmleﬁéﬂgfz@@ Eferdbl) LEHQ 8etroliB R Hd1BW RebfiBped with a conduit
carrier gas/ bal ance %gs together with the plasm
for sugplyef the B@rking gap aixtsitipys) ope ok rﬁ@reép@e&%aélse Séléfa%eééefeof Thus,
the telth @ hepéhl:éﬁ%ﬁé 18R 0 ERMGngl tRrolgh SIRRP §dré thi@{nahd iinity of the
~ surface of the substrate attached to the counter
singlestlereenf erenliple plemess Pps ok 1var PiaciHpdept W coHneY destiognd past or
onto A& gﬁbstra’ee B Wk AR B ERAR brd oPMOM F@iEks DREVR LISy, HdaBtd st
and the electrode or electrodes for exhaust of the
foregeigg gisdlowgnan atgipspiedeiprEtEre RiamA ASRPHER %)%%So%h}%t?%maf?ﬁ%l from the

electOldnetall Beme @&cﬂo? i), UsduBardtR 1P bR¥EAE d, it edySkaiinfin reduced
excess anpunts of contan1nat|n%igases espeC|aIIy air.

surfagay dofegts 4w} ¥nproyed pepgHy Ifheopswtng {18k al gas mixture
t hp194ihholyiRriedtRE bt Oaedt l%l 8& fnro@Qs@ oﬂﬁé bf@éntllﬁveﬁﬂ&htyplcally

that a stable plasma is formed allo for un

resulig #pmsipticadh clopr Cﬁé‘l“}&?éP‘Psﬂ%’oor’ﬁP%%@Pe Oflﬁéf’sﬁ“fbétsiﬁﬁ T’flfhf@rm ‘optically
clear’Vﬁ |u§lﬁ'h§ﬁé1nqg dbR8b IR RRIRVIRY ad BFt RO ariNOf 8Xbdst POPdrSent, Snore

| east about 0.05 m's, nore preferably at |east
prefeggblyt 40 20 Rgreent, Adi MRt Srclpdy eirleast 8 ireqiEied a biGapelug ofpreferably

not gftaRs thA I RERHEMBR petBiably H6tQadar tiial 2Her A hnd MOL pi’df&ably not
nore preferably not. greater than about 500 nis

and
greatprdhan Iyeropiy Q@rlyal ﬁ’@f‘tyg? Bafablp of FraRmAE TSI e light tadhe sum of
transﬁ*ﬁfeﬁ REdatheddeind traﬂnﬁ&‘éd[s%@redrli%ﬁ SHO FR=8 ig Wit fitio of transmitted-

conductive el enment or a Elura ity of conductive
scattepcblighh$>8.58)a tddl trapdnfiites light | Bhesgoentues gtie digtepmined aecording to ASTM D
10()3Q)<,;}U|pped wth sufficient gas flow to forma stable

I'asma when energi zed. Preferably, the electrode is

h orhmnbs@nteelqm ip leschresent invanticsriglides prgpnis pppimersin aphform.
Exan)t(ff?gsl& QY sefl ﬁ(c{elﬂl tsﬁ}b%@ UaR - ORE WovellBf ﬁo@%%xﬂgﬁrlds%f
he surt ace t ereo h the term "past the
thernesiplastios,cde! aspelyelefing mclg@@g pqlmﬂmglet bRy enseangrcopelymerized
letl.llrQ% cﬁteﬁ*?rfeﬁ]e #)H:ﬁél\éh@ 'aﬁ‘d/&ﬁé (;04 8 OL- b&%tﬁe@se}fg@War&ﬁlates polyesters

: 81 near 10 a surface of
including polea’ch}éetr@ ct@rﬂrdmlat@ n@iylpqz@tac’dr angolybuthikens @mmm%leéeqpelyacrylates
be coated through one or noe outlets. Advantageously,
because of the foregoing gas flow in an atnospheric
pressure plasma deposition process, ablated nmaterial
fromthe
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el ectrode or the walls of the reactor, if any, is
substantially evacuated, thereby resulting in reduced
wa@obaewIdef ect s and i nproved planarity in thePCT/US2005/035887
resulting film Plasma pol ynerization as carried out
polyn@(ha%@%te@ I £2@ §RSrp Ot mglg @f erygﬁ ﬁf&ﬁndn@%ﬁ&@ tefnglrayéjdyﬂ? 'th%%lré’gomgﬁolymers
results 1n an opfical cl ear coating deposited
The oggpnic pelymgfic ﬁtrbétrea pighe m@sent iTyeatiprampy compripeeieloymere fgyers and hasa
first a!n§ 2 SR68H NEHE&L. Mn HR pHRSE b B8 pRsGR AlvERD, hﬁé’ﬁl@&ﬂ@f&r%@&dnﬁ Hirface of
clarity o f at least 70 percent, nor€ preferab
the ongamg polguerisestbsitate cambrcroniedt The edatadsbbsiratais refsred tcgeelem asa
comp@ﬁfec BVref@ RbAALSs ﬂ/cﬁ'ycldl%oﬁ)efte %f{hg ’Eeﬁkﬁ l“MlHﬁ%lﬂﬂ’éﬁ%c@{o the substrate,

han 10 percent, nore preferably not greater

is meﬁné peeRgterial alanysissired feagidroablidth prst hatying a thigkness érnm ) 001 to 0.1 cm.
By thd BEhH 8 @Rkt isREahEAkubfaRN df taﬂ{y éle%néchl@n%d@&ﬂ Wd@f and having a thickness from

transm tted-unscattered he sum of
0.1 tor 105 i if tclR updeiEiaed eatide ﬁm%gqqgéﬁsqﬁnﬁ el earipeq deminate of one or
more 1dyBRbf §h& Sar or di@GEnt bt%aﬁlpﬁolf/ﬁ&‘ £hd9hclude as well any other suitable

transmttedscattered 5) to total transmtted
materigl,spgh as Hoad.ape) Ned deth, ca@wémfr?ea orp¥® Fiehef mRtalign D
exempREbd b9 Clay, HHIE, s@lwﬁseﬂl[nﬁﬁz? ste&fhitridetd? @toﬁ’é §§c§fétor hl@i/ee [H;ybl@ Bf a

I ncl udes” organic gners in any form Exanple
multilayigs S caie o ‘%Srﬁ‘(ﬂol}’cﬂ@nefl qfege 0f§h‘§éﬂ%’efsafwlﬂléh%Pm‘élﬁthhm%r?XEﬁsed
surfald QIR HARY IR Fatk BN HES ofd ortnitRE &%mleﬁwﬁés B4#6iHat&Snay be made by any

pol yol ef i ns |nclud|ng§P et hyl ene, pol ypropy Iene an

proceéﬁﬁl@w ehe sbdorixRnplp.dut et ligvitR foepReXtrysiopplpmaBion B deatslamination

usmg%n GdHsife, ah@fhk Mike.P@l pYe?&rYJdQ£}ﬁ§ate REhpERY M‘@aﬁy@nate sheet and a
esters i ncl udi ng pol yet hyl ene terepht hal at e,

POIYCB@PW%@N ‘heggin ghe pabfeﬁrlwﬁty isepuisipgshe BlesontangrAf\6 absorber. Another

prefeR& Miahilisd Scﬂydﬁﬂioﬂzﬂ@ﬂ@&%ﬁ%h@& ﬁﬁst arfiNGedonll SkrRO WERFSn £f
any of the nononers enpl oyed t he foregoi ng

polycadPapfeciile: compeisige EXrﬁbﬁorlﬁf‘éﬁ i #érrm%e%te Bt P spoRchgurface of the

polchfb@&%eét%ﬁi’Ho‘l&QQl bR AR RaY ﬁ@ve(%ﬁ@safﬁ@ o FBreh VBRSO AR,
has a first and a second surface. Li the process of

Alterpatizelyy thesialig compyisiag the NV abserder ip etefeaw&wad}obé@efé}@arxlaﬁef Heane

emboBfmeh) fhe VI MU FbePR LMIRT, bépofiulsibé @ beothedRis® Boun@ s &b orddd® polymer.
coated substrate I's referred to herein as a conposite,

A Pielly dpstishlystip &t lays (nsrhanagebly bopardoradyo wyiw adepye layer) is

applied dile&y tWtHel'!;uff&)%R)? fhe sﬁ@tr&t@ﬁ) b%u:@ﬁ&({ Hufeh nla§ bERAHeIANPFinsed to
mat eri al any desired length or width and havin

remov%ﬁoen&}é%aéerfa% Beinhegorface v d%lf&‘?ﬁ/ nghpurfpce modifigsl by ﬁ@é&wﬂ% of an

inter &R layer SWHRSE b 3hiRieRd n@ﬁ}’((r)ﬁé@%ﬁlliaﬁ&lg|aﬁd‘@¥tl{bu@frea\ﬁhéﬁﬂo angk surface
having a thickness from to 1 is to be

propeyitifg 8l g B, of corapa disrhargs HEdightn gleeton heany peaeny se B otk

chem#tal @ FhydfaPtréatm & & RIdiAWulBdah the@bsehdd@f 8 31iBorPE ompound.
different organic polyner, and include as well any

ot Fherinveptiqnip partippirlyadapted foruss v syRsHaes ompasing P@frgnpolymers of

an estel &‘t(ﬂethﬁfcry‘mi lnél@ Scopdly?€ofahor Biag oh®ésttk ofiinetBicAHl OIS and
clay, talc, silica, alumpa, silicon

exenplified
copolyugt drEvaes s foreegiae Bolgigs afHferallRSpBIEISE oge oT more

copol?hhlaﬁiabl@)é@rhorﬁixﬁél@tmgtﬂy pr@feﬁ‘gd 3t&9 SRR ANMHryIt a8 GrcDhiddMé €
ers e p ovi so that the exposed surface of

hydroepy@ylenibst SRt GHgT 1. ERRATPE FTBR A 1 LIRS B pestrably from 1

to 8 daﬂ)ﬁhsﬁﬁ%zﬁﬂi e@t&y%rb@ rmgiﬁy p&fe?r@&’ e@ér@ih@ﬁ&e Iki@xdtylhts able art,
ut not l[imted coextrusi Qn

meth}'lﬁ‘reﬁh%i’ 1?‘6n Inaddiionssuch pabReL ?‘@hm&]é‘iier]"gcoaﬂly%‘ﬁ@é%wm%ﬁﬂwr

espedi ? aldivkRnt, &oby-Bfiebimtth doaibhHiaé]rdariaid £Rfosatlinked, poly(meth)acrylate

ycarbonate sheet and a pol ycar bonat e film wherein

the pol ycarbonate conprising the filmcontains a W

absorber. Another preferredl®am nate is a

pol ycar bonate sheet having a first and a second

surface wherein a polycarbonate filmconprising W

absorbers is lamnated to the first and second surface

of the
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pol ycar bonat e sheet; said polycarbonate filns may have
the sane or different conpositions. Alternatively, the

wo 2doai0eongpri sing the UV absorber is preferabl yPer/us2005/035887
pol y(neth)acrylate. In one enbodinent t he UV absor ber

polynﬁe?sé gﬁ)?'jrﬁp?%’ y%gﬁﬁ& M@iﬁﬂe% efth)g @ﬁ{e\%‘éﬁ o? QHQGh$19 egplé‘&ally

hﬁ the first layer
amﬂ%m%b@ﬂ@h&hgéﬁﬂhymﬁ ‘%Wﬂsreferred to as an adheS|ve

I
e B UL R SR o s PR AR ek gy o
mhomqgerreewv@om push gnzeira fferme bwmbmerlﬁ@ogumﬂa@ég ctgpprlink forming
polyxﬁle?i%étfoﬂp gypeglgfl)( St lf?ﬂfasq@gdl{nh@rgza@% c%ﬁcﬁ)lhbﬂ‘satdng réul@afble%riample of such
Internediate 1ayer such as” a sputtered netal
1eactlpmlémpnm@ludﬁnolmﬂzw?mbxmsetqf sesuertial syspergioney ewyisipyce
polyn%FxQﬁﬁ)ﬁ%bﬁ%ﬂO%g e prBdicd SEpARLte ﬁglgfﬂglasegﬁl%mgm% 3 dﬁférkﬁcg i chemical or
. ectro eam o0zone, oxygdgen, or ot her chém ca
physigi properties wp]@;ﬁnpmmeml@ng ?P]éfm,?élaﬁlﬁ’é“’%‘%%’@é $ush ﬂ?h]é‘mers are known in
the m@gﬁ%{}ﬁ% Fglall@/ a%ula'olg oE)&QlBEQ 'ﬂﬁgxde I&ﬁeﬂtﬁ Féh@loln%olymenzed Cross-

artic for use with subs
hnked:m%mqrs Pffﬁél\}ﬁ eﬁerp@il aywelposar@fm%hﬁ%}é@ ewdoﬁuceir?@m)ea%qay p¢ produced by
first 1@&* leéf&Pcrf %crﬁfc 4848 ﬁa\;lﬁ@ﬁh g gﬁﬁﬁ %5nt8fung 2 to 8 carbon atoms with
acr¥ Ic acid, and copolyneric derivatirves of the
0.1 tof Sm'eég@ﬁ, pig Loy, Pr fosl - IRETCERtofTaISHiRKEG MNPEIETE 2B Aguegussuspending
meditfR r'ﬁlec&&g llﬁ’xmﬁ% 'm%%?ﬁe@ iSQAHRNY? 'ggfyﬁmct'iﬂngmoﬁl Bluef WK Sfhbility to cross-
esters of )Jacrylic acid include the hydr ocar byl
link thesllefl QCI'Y'@§p Suitafllq aposgrt ligkingagenamers o afkdpns ghirof digsrylates gich as
ethyldid g RQRSylatE R LY, %L@wn@ %ﬁ}béolf(ﬁ&%'l;tet 10} sﬁb&@ﬁ&@?@lyﬂmé’hzatlon stages,

eaCh ester group. Hghly preferred esters inc
incregsipgyprapertipnaelel tarficarbomelly) metheprxlataaraused, speh thefdhe fegyffing polymer
contand %oﬁgééﬁg&fs%afm%xﬁeﬁ@a&‘%%loﬂs CQ(H&BM %ﬁls?fﬁlﬁé et §BE adical

especl a I val ent cross-| orn1ng conononer
1n1t1a‘(orseaf@psp@dgqlﬁb]ggoobm% <<, a}ﬁgégntam mlnor amounts of copolymerized acrylic and
meth&%llﬁé (23209 hﬁcﬁ‘%ﬁéﬁ'l}ﬁé e QL BHNBSISher daX BER HBBer S'di’@s%llIfi\xl\éd)’poly(alkyl

i ncl ude the di (meth)acryl ate esters of dial cohol s,
acrylge)sdsppraed i agPRIARH P eﬁg‘/eﬁﬂ RredamRinggy JeHRRYy RO R ©gfignally
conta-”‘lfg Iﬁlﬁ&eagﬂ'luﬁﬂ of h@fsbs n&@gﬂlc&@id}’ &tqﬁéﬂ%c@‘llﬁﬁélﬁ 'célidl)ﬁﬁerlzed therewith.

egnents o

pre erab rse
Suchipelae 812 6 HoREIBEIS UTTF i 5 GABR S B 354,069, and

3473@&&&@%Qgh&@oss link form ng pol ynerizati ons,
éspeci al |y under bipriasic poléperlzatlon condi tions

Oné pisfrredipoly (RStiRBYIBER S sl A/ akqoPemERH{oF ifrgenetrating network

of a firft¢hbERcR kY SR ZRhd @helYaddifte Rhch0M HEBAst @0 phases are present
suspensi on or enul sjon pol yneri zation_conditjons to

wherpip geRRlEs<sie p SPHINECY Bh‘???e%ﬂd%@tﬁ%ﬁﬂh%seﬁ%\%hﬁ&rs&d ahase apdapfere the

contihibué e Hé@la h¥hePTYRAL Me RERRGYH phBS pﬁa‘f&ﬁbl h@tcohtious phase is rich in
resultin ol ynmer | acks hqmggenei t Such polyners are

methglqesiireryiate ‘H“é” dispaierl PBasTat EFHinPPuEY a6TYIAKH e, Exanpl es

I nedeysd @feﬁ&ﬂ;&lﬁﬁﬁér rhye %&Q&Bﬁﬂh@ Burf¥eé MPE (o & 8bstrate herein is a
crosslink mers of al kyl esters_ of acrﬁllc an

crosshge aelﬁ/mt@a% Pl drsiepried by tafadsmapt HERALH "gpd sold by

Sparfebtf ISP &mm&r’rm asldmlbyeﬁkaﬁa qﬁ aPaithidy frefetidd BabodRgent, a
an al kyl oup contalnln% car bon at ons

polymey lzgfeb%frsg ro Lb"{c @ﬁl@r%‘n}p @ fgmtlﬁ)lainrgteﬁ &9 %Bﬂycarbonatte s egt o]f film, or

to a Sb@SSAlk 1¥er Bga B&ﬂ&@ﬁ)ab@la@d‘bcﬂﬁh@%ﬁcﬁﬁ&@ﬁ ﬁiﬂiym)@ 14i6kited > a further
The cross-1inking npnoner i - o&e{ functl gna

polyres st Pl leyer6aPegipllY i %Ig?lxcarbeP%%El Yt RS Tepting o or three layer
constéck ﬁélpﬁlﬁi@ulm@dﬂésﬂsﬂ for @é)ﬁssa'plﬁdtlﬁ lslabi@lg FaRAREEpeddlB where a UV

al kyl ene_glycol diagrylates s ch as_eth 0
absoawmra{ éu aaors%ﬁyR?P@ﬁféaza R Wﬁé‘t@gﬂw ?Tfom Ciba, an

subsequent pol yneri zation stabes, increasing

proportions of 1 to 4 carbon al kyl nethacrylate are

used, such that the resulting polynmer contains

i nhonbgeneous hard segnented regi ons. Suitable

enmul sifying agents and free radica
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initiators are used. Suitable polyners can al so
contain m nor anounts of copol ynerized acrylic and
woredokaesryd i ¢ aci ds. For exanple, a useful pol yr&r/USzNS/035887
be a rubbery, cross-linked poly(alkyl acrylate)
mganc():%mt orenrgg’uel% I1rr1]c c%% egcprr;slrlrpu ar ategllglﬁ? enc%%%or%tgtﬁ mn o e'é‘lﬂﬁfcé Mlyer A
structigerbnumiish thé fcae:goyxg atesg na’cteryil s cmmtnudt;ed (Wlthrﬂee{ H&(’cabgplrblmg layer,

h L0 o S I 1 . .
espemalg}é%nr eﬁ@@% }%feﬂ:?y goq?lr%er%%% S}Elp%fr%]%gq%]gtg’ lx)gp’%g%%t%%l:sorbmg material,
especill¥diborgf; bedzadinolG&posed to Be 4M@splkre anctheissewhellEY rafliation,
por B SROARHIELIABEC MR St B SO ey oo
re51staémbyd1)pamic3cls anreovad draging exboasthn,(amd trhdraesispdrae e Switable ntetepds for
Y
compqamd,geloanmbladukar welgllrte)dymmanw@te& op hlas@hctrasgltdolm@bme tq gpin the

o SRS RSP IR AL TS BT,

phase unsquelemhodlmem ot‘)they:hveamnyﬂhatsebstrﬁmowelﬁﬁrarlwnate of one or

o BB e 35y LSRRl

copolyymdrytayers,in désquwap@dlm itnipect tqsratmnar A prediradd Stlmtureamllammate

compf?’s%% %&f}ﬁ%ﬁ)@ﬁ {;Ey EE\E rel é Prﬁepgﬁgﬁgéga{cf nég%ftaces\glll&lelrf ¥ Réf?d?&@iﬁacrylate

layer is danginatesf toone wrfiamdld@r therfirgtiepsefandsusfacey Apgt rupseferred structure is a
I r
i
lamingthd ©iboitrthe firstandagcohéd Stlrﬁim vifethfemﬂ]&’@ﬁﬂapnﬁtﬁr tinthe cpig|whaxrthere are two
or mol?xﬂ)e %(‘élgtﬁ} atcil’yJI]]a% lll%selﬁmu JLh]@gé)l ?Q‘ggl%é%/ 1%1 rbﬁ@ ?atygrs l’rﬁy B the same
poly(rp%thlamwlanteamﬂ}yned esdlff@dntfp@lry(lnstb)aqyleée mla@t:ﬂ% Irgp%itzquhg some such
struct%g %E: sﬁlﬁmelﬁgﬂﬁg cﬂes tamg Fovﬁie HJ'%/ lggé ﬂﬁp@ac{llgsﬁ@ﬁc% ahdre known for
as an nic enzo riazole such as TIN
use mdmactl regritant glnz:m ppbieetionmn dn ganiaed apRioAuALYO fayered ‘@kﬂlqpeof the
foreg@ﬁ%lédl{lﬁdﬁﬁé%c%% E %alrﬂr%)ﬁﬁ ?@%m fs%n%?zél é[g I}ér%ls{ ﬁﬁgtg#%ﬁ @6M projectiles
impingiag en thelpolyémetbaeryletssidedf Wietlamindte, byyares ]mm@etqa’ggg by projectiles
11np1n§i§1§ Sf g‘% (#](_))S/cgrg%%{e 51d(e AV agﬁ%tcfs}ﬁglgpg gt%ﬁﬁfre %Q&Tpars b htﬁgmoblle

percent UV a I ng rraterla
equippssipeiti akh laminated elpami corisated otith they el Emedpravlats layer fapiag the outside,
posse?steyaﬁlg 3& Erogarctl fﬂﬁ‘ﬁ blﬁféﬁ&ﬁ? och‘uB\! &@ ﬁil'aﬁﬁ QsidPAe 2 Sasbile, while
nprove egra ation resistance under exposure
allowmg metini fyen grlglwtmg msidp thepiebigle i beatyred 40 é?felrcglgucsaea)ﬁ pttack (qune-way
bulletggs@sﬂngg Bﬁgaﬁefr{e& thd eﬁ)ﬂsﬂgl re@?&@%bﬁﬂl o ;H&Ent invention to exterior
Suitable nmeth for formn meric
surfaqeaﬁsuvata@gucftw, ogienale pesrn ﬂhﬁ@f yepeosgriinkas Holﬁweébﬂﬁ@/@wwlymer
esp ec?aﬂ kb QY BlpFoved AP BithesiSeah Qo ¥RAEAMI A m¥Eri Without
ut y acr ate, or any other suitable adhesive to
sacri jco |oﬁbqlhﬁé1c prggqg‘@gqmtm@% egge@;aély ongeiay balst impachresisiangen Additionally,
1nclusr1(§13cﬁeclw ﬁgg)tegf?\leylggf or &ﬂ&f)op&t %E@lla%Y}ﬁlgjy ﬁ@or}‘)@rlailon ih BheQRRs-linked

uni que e I ment t he i nvention,” the substrate

poly(meﬁlﬁacry@é%p@ym% &nyﬁraaréhemohdméthbmﬁw éoweg/ leprers ipaty %Adsé lifetime
and dg%hd/a%xﬁ resRARdeS0 @B gesﬁfﬁﬁg Qﬁ'ucﬂﬁ’é P bR @@ﬁt\/ehght

mers or copolymer layers in _a thickness
p era a@raq@n Fevjsiaitcoptens c&tﬂamweentm Prappligdrta @ fidm o shepfyof thegolymeric

substfhtd @Eﬂr@@lt a?tepfafﬂ?aﬁl'oﬁ bPg la?nupa(?é Nﬁ%&@pﬁlﬁné&yﬁ&eﬂﬁs\/ I g peéferred

Irst and a second surface wherein

embogigept, tetahyagion jasisieet doakjeris prplipdas ‘hﬁt“é @tep dn & pRst i exiruiqn, sheet or
either the first or second s$urface. Another preferred
structure is a pol ycarbonate | ayer having a first and
second surface wherein a poly(neth)acrylate |ayer is
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| am nated to both the first and second surface of the
pol ycarbonate. In the case where there are two or nore
w@oiogesvh) acryl ate layers lamnated to the  PCT/US2005/035887
pol ycarbonate | ayer, the |layers may be the sane
film fgr?xini[/g((}g% % ZI%{ ¥ it d:prgrﬂ{cy lﬁ%; be%elrgaﬂ];nfa c(r:ﬁtE & 1o sk 1ﬁe foxmed into desuﬁd shapes,
or langatedcd mlelsnammlssm Stﬁhstanwa tlitfzouit hpa@ttdegnaéat&tl aﬁﬂhe tltmaSIOn resistant
comh%rOVide bal listic inpact resistance and are known for
Se in bullet resistant glazing applications. In a
um pueéerap phbadanént nf the preswot inseptiored compasite pongtisinh @ p olymeric
r [: t Vi t
eGR4 PR SALARTSE SR i an
seconil mpfacg indgpendentih kave ohy frmerh )aacrs ol @pesnsd dgalm%ﬂlwne:onlpound and
1ndepén%@1t§ﬂ{a€e OIBl&' gqu% y 0 AJ ﬁlo i ng0§| g%g f EXorPngi %&H)Alﬁ’?d said
deposA@:b@gdlonlgtqn anép@ltvmam silosgne susiliron oxide layers expedslingeum in total
thic %% i pped with such | am nated gl azing, oriented with
h} e poly(neth)acrylate | ayer facing the outside,
poBBeswes cqripraent sskdpie apiothe dmasfongesidtant Fetisg wry be located in an
. I
inert egﬁgﬁ%r%ﬁ%‘]ng bﬁtj)tr%’%ljagl? éiegbrgﬁd%lﬂ'l%ez 'fnlgﬁleﬁtrﬁﬁrg@s %&{Iﬁgﬁd\} goﬁ W:_D[lhe rocess is
operatsd atmdsphericadseurd wuth sgféiglgntoﬁplu@ﬂrgélow(@ n\@rl@mabgﬂ thetuse of seals,
vacuuqneﬁdlﬁtoflgtﬁ(fq)smhdﬁ%q éa‘ﬁ?{ol r84,c€ fnc&rggn @Mn?o?én? sEﬁéAdﬁ%QQ Lalteration of
ng o resent invention to ext riror s ace
the wmkmslg@hcoamQWmtﬂwferabldpﬂl@ vrehdtgie Bepe pf working gasdinchuding
Indlo L
o e B o B Rl | E RO AR & inute pr
cnlOﬁd@ﬁﬂ@bazﬁﬁg mat eri al without sacrifice of balllstlc

' %%Pstultgbqesélecbkggétgeom% 1@%&0 0\{ “AE¥ Qﬁﬂl{)_}%h idl tﬁpg{*&sent process.

resi'st ance |nc on O r ot tive
For tHickysgbstaates,cuaine sleast mat@ed; it mpy §e dﬁylrabhdba’f Hothahei eémtwc}? pprbthe
count&! elq)e%?ro!ié gcqteﬂ 811 }(l{erggﬂlFllﬁg 5fy[+eas'i1§stlg%l ¥ H@an’teﬁy @fasn(?e[ crtéa%d reaction

acr y ate nmer ayer |

productsfa@t unmgmuu@g sla&ac pighe w@ta@taﬁﬁm@w@g lmbe ele%r@ms ngxhaust
ports Fhf4fd 1h&or %qgé’ate%)hgéﬁﬂiﬁbgtﬁte%féée QH& spa‘EmE/ ré&Q&%@ 8k the

resi st ant coatln? e lnvention | °s app ied to a
electrpilds te parmi lhersact of the plesmpporyahlsst the saaptéqnrmapdicts &rppdtherein with the
substidfe! sﬁffazfe%%ﬂpcte'xﬁfﬁg Afe rBack@MiARLRd, Whd Mo JFe BRI MFBE b ra discharge

materi al s. preferred enbodi ment, the abrasion
may tregagdificsity tlwa@ pﬁégmagleabﬁfrld axpreyéouslyfdiselosedsp g arinFer ghimger
substlgl{es jﬁé Edﬁﬁﬂexo@%m%&ﬁtﬁgy Qerd‘ éolnmctl%r sﬁﬂﬂi‘& 11%519 Ql?ﬁﬁ the-J[_eﬂget 62ah6rate is
ereafter cut to size, forned into
Suppcut@é or @taeryha pporteston thewrpasiisdide of the pubgiraiafrem iheiclscgpde. Highly
desmﬁ) ﬁfe%%%ﬁ"ocde%& mﬂ{er L:l@cscﬁ)dg bre gﬁ&&ﬁ%ﬁﬁ b&eusq{onwﬁgucﬁbé é%blﬁg and

sistant coating. A preferred enbodi ment of
Orlenﬁﬁd éns@ere prorinelint dre substigtsrFpdase tOebec‘@f»rafi i Bithggythe SLwétr%@r the entire
fedafih

oA S EOTR ABA P MFAR LpUAL R Reo
procesyyr f ace |ndependently have one or nore | ayers of

dep@s] LieHdQ" gﬁﬂﬁ% In®? Bné‘r%ﬁﬁ%‘&e@ﬁ%ai&lﬁg BRAGSHYMA of the

havé one or nore | ayers meric siloxane or
presest inycagan widh @&m@ﬁﬁbm ptbstrada T Figh bossapeslicon gerrpd (ke Q)s generated
from %qleﬁlﬁ*)é’c%f 4 &)nél'nleg )(!Qﬁﬁle ‘ﬁﬁulﬁ (ﬂOhﬁ&@heQ%gﬂ%sﬂl&M%Bﬁpound carried by a

excee mmin total thickness. process

carries geg Q@%ﬁ\‘?ﬂl the bendsracapip) lyersw‘émmawecﬂ@s flé% pefrs franspeyal to p

elect/BBY (188 h{a%fn%dgah (129 8nd A6 bdlarREYds r(fktj B0 the Q%End@ﬂ@&ﬁé@ﬂb&und (10)
IS operated under ambi ent atnpspheric condition

through theelestrods (panere @emalilarbyt arugh étrlPaé’f Predaleh (i D ofplegirode (16), and
sufficient volunetric flow & working gas or the use
of seals, vacuum ports or other suitable neans to
reduce incursion of anbient gases leading to
alteration of
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t he working gas conposition. Preferably, the
volunetric flow of working gas (including
wo@e@anegdd i con conmpound, carrier gas, oxidant BETUS2005/035887
bal ance gas) is from10 to 1, 500 cc/mnute per cnR of
I ctrod
throu%% o%ﬁ%:trs %g é}éailijch o tgﬁlc@r' in ﬁle If% eo shts ofli;]oles orr the ?RS%S%%% 2 gﬂlrahty
of condgetive lelemknts UEHWGII a;ta@sl,ledstmdlh ela@rczslh €D tonabatr d gidvy dlsthanr@/(Z’))
s

betwegrftélg t%%%t; g? k)%) %%gﬁé g 'ﬁar Elte oge gn% \’\9]90% d?w{uﬂg é&{ltr% éxtdéelectnc
layer {26). Héisd¢olet Lmdcirsti@b«amhmlmwlﬁ)sam alror yalmmhuwtls baﬁaed with a

dlelec{rm'lerégee(q%t%ﬂé\g% ﬁﬂ ﬁ%lfr(% ggbsgg‘[g@z lé?sgé gc%ntun\*ouglﬁ?{oH% the dielectric
layer @éhmdapataf witl e ableuilewealoxetnia er sshdostoxdb erodunt.f ace and

I t
Fﬁ‘é 2%% Jl Q{?er \ﬁﬁp Ylﬁl?tg[st{cr)g g}(')%l&gr (?el (? g)é %g%z el?e(gtraog? quﬁ dielectric (26) and
glow ¢isahdrge regioh@23ye élVlterﬁéhexsubstvatetlhmtmel@ub\@t thatlielegttic fager(26) may be
wdefore exiting the reactor. If desired, the shape of

the resulting corona discharge nmay be nDdIerd by the

udte. dfis zn ithesyaiaen of afprdbredambplimenit ofithe pledirgic butd20) whivd are in
the fo@’ﬂ B%p C;glrﬁ dptrgéﬂlﬂlﬁﬁal%ﬁ??a‘ilglagug&antl&w%\%&?Eéa%%,% g%sgtﬁgtge%ggd may

omr

ctive surface’ upon
approsigiaey th¢ kength oSthp plesttade. Elne vatith of thie skits supgforble dotdessttirm 0.1 mm,

wore FRBRRY B 88002 Wi gFURSL oK1 RGP Pyt
more tipe 1 @moager preferablyopouere thom & omd aod inve peedgabhyyneimepre than 2 mm .

ord. ent. )

oGy LS UL T ULAGE ot
(20), wloigingre in té¢ Bon b sibsteativdlgicindung otifiess s iEs gametryrmpsdieto practice the
methog%\f Itl‘[%%’res&ﬁ HIQ’ ti%lnl tlﬁe ﬁngtelc& @l{el oﬂH&Hfs nto{ lggttﬁa!ﬂg) RB3h er§§re

rovides an IllTustration of one apparatus used
preferalviy oairhesy tlng 0dummt 4nd nst referaldy notHess ﬁrae:f)@nnm,u and @reféraply not
[

greate\é\?l}ag rl} g rr&rl ok rgfeia'bi 01.9‘ éf%%ér 81%5 I%Smrlgl garI]lg rng?st eplef?rabl%no%greater than
1nnnheadspace of a contalned volatile liquid (10a) of the

or

Ig%%QEé gc grg lscggl?:ge} 1ot gjf ﬁg ?tgg%)‘ﬁgncb% % ﬁgkgﬂéae%e gﬁtzm{ él%aess

mcluob@‘ wpely meanydpron ganpgiligdngeagpns 0D, adewer $ipply (33 canaeqtedio stationary
electrcgc?es(l éaé &H&elt H&ubBad ﬁﬁﬁ%etg/@e?h W 2 ﬁlﬁéﬂ?{l 7§ ?s enerated The

or gan |con conpou t hroug TTode
substle%;Sa) mumvortq% by a:fmnamrvneotlmsem@hh at rOIl@raé%) @mlepaiism @rough at least
apoﬂ&igkﬂQfmﬁkfﬁhEPde (16), andthrough outlets (20), which

are tyﬁlca In the formof slits or holes or the

gdphas @e@we@nsmglmldwpwerewham malginkpleer (aatied wmprisisg fippaer
or gangﬁh@ﬂgnllra'teggl o%mqyé %J%%t\%t}eiﬁt qﬁd @%dr'% gﬁ I%é}ﬁra&ﬂcg%xane or
silicombeide et e rethele(-Za or svmtaetuﬁlwomrrftmaqan be Tapidiyedpposited on a
substr; etach’?%ﬁjé R 5§e 1L\Q¥1§§ (l\%ﬁéovell the! résuftﬁ lAn H{ﬁgegge% 59 ved

e el ectrode may al $o or al ternati vel

abrasrbn resistineg, grater sarfeqeémopﬁh@essaméewéormm a@h@qudrﬁdh%@na deformation
resmiuhg ngfs}mcﬁupﬁ%é‘ﬂé ﬂ(a%@néieifaymﬁl@ dD@Qﬁkrynﬂi@M-%Lﬁasﬁl:&md

['ectric |ayer coat ed
siloxape pysikion exide laysea ﬂ'@hé‘ﬁVesﬁt ickrses fepm 181 pmdel @ pm. iy fptalpthe gbrasion

res1st§ht ﬁiuﬂg)le\ﬁh}%%hﬁ bl fn%ﬂtigﬂ dé%fratﬁé @cﬁ»tartlg%egs]l@n 2.0 ico 10.0 pm,

€l ectrode (24), dielectric (26) and g
prefelzablsfc,fm Hetoréeyivnrmesp pieferapferam 2.4 40 &oH5% ﬁé@@rqf@rably, the foregoing

coatu%?ﬁ?&é%gbgyf"eééa‘(e% at Ie@ﬁ tngc@!ﬂﬁi%cﬁé ﬁre%e?a‘ﬁﬁf at (e%@thrwnéée dghly desirably,

I's an Illustration of preferre
the reguyftiesifilms ate Oﬁ'flcaﬂlﬁ sleay, exremelydlab ard Rossesy Izé')ced hgap-cfdditignally, the
n the formof parallel or substantially parallel,
substantially evenly spaced slits that extend
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approximately the length of the electrode. The wi dth
of the slits is preferably not less than 0.1 mm nore
w@e@besda y not | ess than 0.2 mm and nost prePE&r/abi095/035887
not less than 0.5 nm and preferably not nore than 10
increddMn HEQJ(% hQEeﬁ n?eraé\pécy a@P&OO@B%&&"(A@TWMﬁE dcé‘[‘éﬁ tWhee:ls, 500
prefera ot nore than
gram ngbfé ﬂ5r~&t0|r tess, ofefaaldy heer lfss,@ﬁfémp@fd)r@fereweﬁ eylessnd spaci ng
ExamBfes t he el ectrode outlets (20), which are in the form

Sf‘substantlally circular orifices. If this geonetry
i sThegwgntio ipfugiber idestreted by theflodingfexarhiele hefesbewrid not be regarded as

ﬁmmlll M@Héoér&@ntlﬁ%ﬁtlgd aneter of the outlets is not |ess
. nDre preferably not less than 0.1 nmm

g vearbenates s LayeabiasionResistam doating
r t
p 1§ (tﬁg%mt zgﬁ %bsggtg?s c%%e%rxglg{]a %)(l)yrgéﬂr ac{{?a%@srlllg:troﬁ gl?lg ggl‘l%/ thd Qf;p aratus

gr
Substatnhalﬂy apifste ng Fsg ils The slediredrstané p¢w¢rl§snnbaatr¢ ehtaipgd fpm Corotec
Indusf?;egl %&hﬁ‘étb& . elsh‘% ng %Bér@%qgslg‘%@ Qf?t'hta' ggpmgf AfbSthe dlSChal e region

i ncl udi ng supp for orfganosilicon reagent (3
whichginjsefiaihe wouipng gas (%Q)anéeﬁqwefeﬂse@lsnoeedsQIWpdﬁmlé)royl ia|lenetly loghted above
a d1scﬁ§rg@20n@ Be &Q H&%ﬁtrabglle%{)faﬂ%%o(l&éﬁ;lecgg&é‘ Wefah! h&ﬁin% lﬂheasubstrate on its

(22 I'S generated.” The substrate (28
surfa@u 4] bwmoér@tu@gﬁ lgcatqd-in 8 permal atmesmhericsmy seumenipad pmraféqi gt a pressure
shght(y%)weaﬁqosgﬁéw ok lnp@)ta&;bha@e di&Aske Bf gaeé&lg ABdREs thid@eh discharge
| asma has been surpri'singly discovered that

ports aeanthetsvr ce of thy epungasieciiade Whpri sing first an

OrgRaNRARkhk G in é@%h%rkhc%g o i hﬁl 8§H1|ﬂ§5 fshkiRd SHh [REIRnBNE remove
second a contiguous polyneric siloxane or silicon

surfacgeppfamipanis byt gtherzise psregedaanssuprosted beneath Bistelastrods asspmbly.

Tetraﬁ@tﬂ@l@fsﬂctxﬁ@@(ﬂ\@?gb)ti@ nféd 'v&% Mm@@&%h’ie‘? %b 20°C uﬁ%: ard_ﬁfsﬁ‘ad flow
accordi ng to t he pr esent I nv ntion. reover,

rate of the IIMDPSYNs miirg dsEe gtélsdaudr?m/@fwe T ﬂ@rﬂOWe@ﬁeﬁ thedalance gas
is a lng)[t%tO?N') (:3@ faA%Rd BB ERES@5RO6h bh] SdHriYo scBRD80,000 scem). The
i mproved adhesi on, deformation resistance and
powesupply i AdjHistep FoHrYatis §ortl Heihmte forgeVadd aparthermpliic discharge, and an
organbifhé &Rl is HERRICRROR bmae@e&d%hﬂf%%me Qlbs@itk. con
oxi de | ayers 'each have a thickness from0.01 mmto 1.0
i bejahovepragedure Feepenied vithcieaserl gxidant lovel (pir plpee 4t4() ¢tm, 1,100
sL/m)f dnh %&Eedtshﬁlem\m& (5@61 sééﬁfat @?Qtv@r d”f@so a«a&ﬁb @iﬁﬂﬁ% paﬁlpﬂe@m
preferab rom 2 .0 mm
sﬂoxagp et %kcab |0391d9 ?Qﬁﬁ*fla opr ths oagawsr#ﬁe cmtt% ﬁF‘%ﬁfrétFSa%F Watwth
polyn{eQiE %ﬁ@daﬁ@or%ﬂﬁt)ﬁ %d@ia?&@&%aﬂyﬁlg &ﬁ@@@&s@éﬂbﬁhcréﬁﬁﬁétor U &Sing the
nmore preferably | eaSt three tines. Highly
exmse}r;%trmeaﬁax qeposifien crfélsfme@qnﬁ e Frgthigkeessssereatsr hin ¢ pi@gthe preceding
two sféiS E)fd%ggﬁ leot dfaﬁ@ftmﬁ AN FroRRRTETayE HHI6REd BPZFolymeric sﬂoxane or silicon
di tional elncrease In haze D haze), neasured
0x1ded=meéls r@@@reda%\%by pRpRiding amuiiphq lpyen gontinghyvine ipgeasedsunitsgpity” and
surfaddsHEL IR sE Min)addliSion Qhélﬁul{lﬁﬁ coaﬂﬁgfufsrg@&lte‘{ 1d:9bi81y, 18R Bng i REbater
nost preferably 5 or |ess. Exanples The invention is
durabfliy ﬁf&klammaag% Feé’tst@ﬂceby the fol |l owi ng exanpl e that

S hﬂw rgsuﬁfﬂg c&ﬁed Iﬁﬂﬁ{eﬂﬁ*g thdStestbdol Thkr MradidiGeditSSEUSTM D1044,
- Pol ycarbonate Substrate with

500 ciglps Pﬁl@ v@&yléﬁrgoﬂt&%eg%h Undaiths tash consifignp. mipapes coated with a coating

thickiRQd HCRLRP R UGS Po%1dE 8tR1ldnBabAafh @6kisMnb(PhapOleys TR 531)ercent after
organosilicon filmusing the apparatus substantia

500 CX%‘E’%){ Repukts e depisted mitigurels: The el ectrodes and power
supply are obtained from Corotec Industries,
Far mi ngton, CT. The equi pnent is designed mﬁth a gas
i nl et above the discharge region

15



10

15

20

25

whi ch injects the working gas over an horizontally

di sposed el ectrode 10 cmin length | ocated above a
waele@weharge zone of 1 cm hei ght above a rotati nECT/US2WE035887

el ectrode drum hol ding the substrate on its surface.

ExamplR€2 8PP ah@kkiSn bPAL9GAERd i n a normal atnospheric
envi ronnent and opéerated at a pressure slightly above

athiydddmavas propipcedmizom four commesjdlydivailehls pepalipfesiga swbd g the
form &rﬁeﬁ&gtwve@mg@ F &b@&hﬁ%fghp@mﬁ niREYr atedte Midc@BE R ght (Vin),

count erel ectrode dru e substrate vin
and H{o}?p@lkrm@t distributipns (Mov/YIp) aieretsraiingd & eel pwnteﬁtlwe?hﬁaﬂeqography

(GPC} QltE r@ﬁ;?éﬁr(frﬁ@? AR 3O AReSal Rk 010 IBE YerS6nt soluble material was
untrea pported beneath the el ectrode

deterra@gcbwwdwre@ﬁq larﬂ&q lnfva of the SRR eiznalivomEgred to Whak wenleg) ketpxpected

if all &‘tﬁer 19&&'&1 gﬁgcﬁ%ﬁr THE Ferétnt 81 Qry1atERGas ARy ch®¥hT Bl Riclear
O'N2 m xture is 1000 standard cng/nln

magm(tgésemnceaﬂﬂ\mh eBalpnsqvisranty! pethprgataiThnfoloyiag agrylatg resins are used:

“)Sb‘EARK@’IWA(zﬁ@ 15?@9@%@ HlomVAkBmA ﬁéa;fn{g&)l M3307 068 . a Mw/Mn of
seem air (10 scfm 280,000 seen). The power

1.85, %Ilik?gﬂefﬁemsb“%ﬁ‘ tegf 1% 300 watts for 1 minute to

Pr-@uil ARKOTTOPL6bEevaRb o AllkSGE BEvEEs andViF of144,000, a IVIw/Mn of
organosi | ane coating is deposited uniformy on the

2.00, santdupflasedatepf 4he substrate. The above procedure
| s Acepaate @LWSW ZKH&OVa%ﬁﬁQ i8I daDhaviRB MW 8f 76 ﬁJOOQQx/I@IMn of
40 scfm 1, and reduced silane/N 2 flow (50

1.84, @é@ﬂrﬂéﬂﬂ%mﬁ%méﬂeéflgeﬁimatts to deposit a polyneric

STHROBAIE 505 S AilaB R FroRXd ﬁecﬁ@ﬁ?'hﬂ\gné)éﬁﬁ(/[wtomefi 000, aMW/Mn of 2.05,
or gan08| | ane coati ng. ubstrates are coat ed W th

and a peyegniBrtyleclafeniane or silicon oxide layers of varying

t hielRIRSSAS dRM ih Q‘H@ﬁ@:ﬁﬁtﬂﬂlepfor g ﬁ&!ir@ 6‘@00‘@ 6 B ae@mﬁ%w £8°F, then
tinme for deposition of the second | ayer.

sealed injfeikbrgs s Be @lléféta@rke?tﬁa%edzmﬁwsttbﬁ@riﬁdé@ém th@ cqvigxsd skeghhopper of

the eﬂl@&e $fe &:@uASaPP Sihddafid. Bnd @ARLS KillieR Andley@éw &bl @8ghipped
pol ymeric siloxane or silicon oxide |layer is
with & ﬁ)p@%h

wide file Aispspspbvidniy R Rtk 2 prnger J;h@ﬁp%%lﬁ iFgapable of

extmdh?/hm tﬂr@&laﬁé@ @kt SHIY brRMdVet ¥ Al ’ﬂiéffflﬁ(ﬂﬁd&%% &vAB6Bled by
dition tilayer coating has greate

adjusiieshs wped ehyhe bz sigjasert (e 1o mBet thy 2 gfyépti on of about +/-

12 michiRha rE)dﬁﬁHérQé}nﬁe?z&hl%ﬁs?e[&ljiﬁted 'EBh@eIf 018 Ydréw R@tof RAY s ﬂablamuaﬁlps Film
are then tested for Taber abrasion reS|stance (ASTM

is drapyp dgun togeutc iaphewidihlpvgrerypieie fhe innsp ingh widke grftipn isuhigd due to

greatdr BQcnBR tvaGdel iat 1h0 BSges. pfl@%dtﬁﬁieﬁ?&iﬁfra@lﬂg WbridfioRs 46 sHolwitJin Table 1.
t hi ckness of greater the 4 nmm provi de excel | ent

abrasi on resi stance (D haze less than 5 percent after
500 cycles). Results are depicted in Figure 6. Exanpl es
2 to 5 Extrusion of Acrylic Film Extruded film was
produced fromfour commercially available acrylic
resins, sold in the formof pellets. W.ight average
nol ecul ar wei ght (Ma), nunber average nol ecul ar wei ght
(M), and nol ecul ar weight distributions (Mv M) are
determ ned by gel perneation chromatography (GPC) in
tetrahydrofuran (THF). Not all of the materi al

di ssol ved; the percent soluble material was determ ned
by the decrease in the intensity of the GPC signa
conpared to what woul d be expected if all of the

mat eri al di ssol ved. The percent butyl acrylate was

det erm ned by carbon- 13 nucl ear nmagnet resonance
(NWR). Bal ance is nethyl nethacrylate. The fol | ow ng
acrylate resins are used: "SOLARKOTE A 200-101"
avai |l abl e from Arkenma havi néf an Mv of 77,000, a Mwv Mh
of
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1. 85,
P- 600"
w@2doiMeA 99 of

2. 00,

and a percent butylacrylate of 18;
avai | abl e from Arkenma havi ng an Mwv of 144, 000,
and a percent butyl acryl at ePCF/USRN5/035887

" SOLARKOTE

"ACRYLI TE PLUS(tnm) ZK-6" available from Cyro having an

Mv of 76, 100,
butvl acrylate o

]@ll\{%'@ N@on(aglogl

FigaiRe

@ INlms
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Examﬁgartech PEP haV| ng

B, 00Q, am
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Wv/
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Wewpai 00191

- 280F.
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g%’kl’ 1ar1 he
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ed to.opoly¢ ar begat e sheet& THe 3.2

rof T ow ng polycar bonjat e

Cast mll(?sbéHdeeeﬁhﬁlu{eam nat
%e et

s used: "PC eet" Is 0
Cast pollterppratiney F200. 10 fatur 6

Fllm@ﬁéﬂnwstlﬁlcﬁ)ntsh' cknesg of (5075 millipwter [(M}50 Th

acryl C fitms are amnated onto pol'ycarbonate sheet

Examplst fitp Hh Legninatioh ofwadicdilantoRobvapibempi estcht op rol |
| afﬂerigb ﬁﬁcroﬂ_ ﬁﬁ‘ckggltyh@wm@@gorﬁ %Qﬂﬁﬁlesr’pdol 5€dnd la%ommercu:llly

r ot at notor to he saﬁ ,, and the t
availablstfgm, f m)ﬁAI% 50043 @‘@dabler@q@n é@eﬂ%t é\ﬁvmmbvt&m@l@e pagitent of 31
perceﬁk%al%ﬁﬂ 11} Qenletolr THY B dond bRISminRRd loAN LA bLERBEMBAT -
Residence time is controlled by the speed of the
bothedphlavgng polpsrbpedie testat wedheet is cut into 6 inch

Wi g di¥e24s ¢ RCIBRECNS00PI 06fafRal p@ﬁ/Eéﬁ)dﬂﬁte fshdefnh&e BROOYlY Wiith a
i nches wide by 28 inches long to allow for shrinkage.

thickyges §f|0: S millimsterdmglaced on the pol ycarbonate sheet, and
thi1R R $ic GRYELE gun\MaEeh oﬁto %bﬁ/@ﬁﬁ@}ﬁ{e%hc%gusﬁﬂg3£ﬂr8 ihéH GJliQie

protective film of pol y(et hyl ene

Chentsglta@ﬁms/hlagngl@tgy rollgmilﬁatqrh d hgéqat i wnbegted e roller is rotated by a motor

to feeg%eysﬁﬁf)fgoﬁﬁttﬁ‘e P arlal B R Hedd.i TheDab Bowb®hE f!ﬂllbl@gs adjusted to
machi ne 1 nthe sane direction they are extrud

intimafelprpesss e layprriogsticr. Regidence dme igroRiralied By thespred r?f the bottom roll.
Polyﬁ@ohﬁé slﬁ@@? gut%@% Ffh witRtbg 4 '11§:h51&$ p?Jces” l@rﬁw i iB raBMit @d€nches

:? -2 feet per mnute g%?r at h
wide s @ehesﬂ@lm@éw fophriteapASHEE ﬁlnsé@@ceda%t Iypgcpyiete sheet,

and tfs waSQRErefl ith AGRYbLTIE2 Plaldin BIRH pidlcefive 1T of MOARKOT Bol(ethylene

terephthalate). Both the acrylic film and polycarbonate sheet are fed into the laminating machine in
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Table 2 shows the nultilayer sheet conpositions of
Exanples 6 to 10 and Ex.anple 11. Instrunented inpact
w0 g0opesd7e¢ ned on the sheet. In Table 2 : "I npakCT/UBM05/035887
i nstrunmented i npact performed on an InstronTM
the samé 8‘1?&&%% ﬁg Hahbied E%%Bnl& ?e?ér’r&lgo @ﬁ@*rﬂ&hm@ﬁﬁecﬁon ” Roller
car bonat e sheef pol ycarbonate sheet wth
speed cqmaf metoe i setaityll3-8” to nrmrlé? espeed of Ing fsetper méstitdyTop 1¢ Hé¢mperature
was set Eoeﬁb FSREROERATS 50011806 £ 5hd %E&RK@“TE P28 s5of FFRES 1L IHOPLUS; and
he testlgg apparatus using a 1.5 i ach inner dianeter
37?Fﬁ@ﬁﬁh§REK) B.inch dianmeter tup strlkes t he sanpl e at
&9&92' RORERe Hﬁﬂtll%/e? 's!ﬂe%t coﬁﬁ%@ih&% ot @Qan%ﬁlés% I*B%J‘EQmeféq 1.
[1c side and on the polycarbonate sid
Instrum@ﬁ igpagtngpersiraied e éwgilee(ﬁ bt Febler: i nch- pou nds) ar e
E‘ﬁx‘gﬂgtd ?&nsﬁﬂ&teﬁ%ﬁ&%efﬁrn{eﬁ %) rafl ﬁfsltrdnﬂ“ l\;lr g'gjcrﬁmgnté@déﬁ’\impact

. I'nstrunmented of Lam nat rylie
testing igpphise. Th@p@ma}rb@@tesﬂhﬁfftae p@ycfarhomte Bheptewith lagpénated acxylic film are
cut into Q91hc¥1%§r4QQaﬁE§./ @G&ﬁﬁ'&ﬁsc The %spﬁ)teﬁglemél%ﬁdQn&%tgﬁuYg JpBaratus
pol ymeri c organosilicon filmusing t appar at us

using a é a ws%lalmer élpmyteas?lamm s atCééwinwteFtug Strli<es thp sarggl @G QY@ daches per
minute. 383hpRQWRY stri P Bbit oﬁrtﬁ‘e BRI And 6P @&&}%aﬂe @QE‘ Sf’ééléeé}ergy and

Farn1ngton CT. The equi pnent is designe g)
total engrgy (hpthaip dheb-Poads) jasReardRs o Pleﬂﬁgwweewmdnp & eblg 2 tbﬁ w.

wor ki ng gas over a horizontally di sposed el ectrode 10

cmin Ien%th | ocat ed above a di sch e zone of 1c m
hei ght dBd¢é dnstw’@tlﬁeﬁérn%aﬁﬂeﬁmlw@d%—é% ligiphgst hol di ng

E){aﬂlﬁles UDS‘I‘@SI?eéPrb 1SS lXc}ﬁféﬁFﬂm' he ARPRE-Ar iR IS IthQé’cIPQ;Gslde
I'n a normal at nospheric environmgnt and oper at ed
pressurie sligmely above atnospheri ¢ sid%.i830%Pa) to hlms

agieve dr $ehIfge Of [ gasegPy pr oguctSy{dgougn 179.1
di scharlge ports near| the surface of the

c%unterele&ilSd@%druan®BéJ%ﬁE%trateslﬁhhlng a PC 175.7

) _cct lIIIb IO I IIU dl cll..l_ g III 4] 164:4
t hi cknelss E?Fﬁ%ﬁ n1crons except |f or EXanple [7 wherein
t e thlckné§SShsnloo m criimg) are masﬁ@dimﬁth an 1834
atgteous—soap—spHution—to—renove surfa ottantant

g@t othermﬁgésﬁn reg{ed,‘%n supportegﬁgzneath 174.6
theel ect r o®€ absenbl y. Tetananet hyl di sil-oxane ( TMDSO1.9
Ln-t han nhna aod + K + oar ANac
1T C IIC V(J.'J\JI HIIMOU I > III /\Uu VVI CIT III C I UuCII bal I C1 gao
at 20 0OC. The adjusted flow rate of the TMDSO N2

Mmhx hdtylec $usfade0O8Hthe ﬁﬂﬁﬂlayﬂlpo&@ﬁﬂomteaﬁ@aé ﬂmﬂﬁﬁiédﬁhébts( aeawhted with

fl t f. the b
« polynRf gl Ko i Rorae mp D ol Salint Haa ! ape
electroded fhdgoiver supBi3; 40 Gbﬁﬁedtr)‘rom'ﬁfwot{émMstr&BLmahmngﬁmm uSheequipment
. . to 300 watt r 900 t or t 0._prov
s desaf B o R S ova S e e Bitn AR BPer b rPARE et £Fry
horizontatly dispesd tlecrodu foamminylergth bbaedabpsatischarpt ace of fl cinnbeight above

t . Th b ted wt . .
eroni A BEAAE SR B RIS T SRS Ay g s
normal stilosphesin dnﬂilﬁﬂmdalﬁﬂ dparatd WPa f)ﬂemre(sﬁgﬁlyabme) atdsphexpo(#el2 kPa) to

achieve dilsldga)f%en‘\é}a gsf,eoglis Pfoggﬁtg%%{?u&g%é a%rge go(r)tg Incgar a}e Fglqerce of {he

umnmmmgaHQSnMane coating. Substrates are coated Wi th
|c S|loxa con de | ayers
?[ﬁxl %1%% éaVB:l% %Eé Shiee eet ﬁuclkness fe @ )rfée I ng)é]il erylgcs( ﬁlg@{#ckggss of 150
micrond (ex@pf for Extappds |7twlmrelloﬁletlhé<n8309mﬂ) rhierpey) areraished with an aqueous
sses di
soup solyyf 08RG BB L A B Bkt fp LGRS P oy Baisilun e
by a polyneric siloxane or S|I|con oxi de Iayer IS
repeated thereby providing ¥ nultiple |ayer coating
havi ng i ncreased




10

15

20

25

uniformty and surface snoothness. In addition, the
mul tilayer coating has greater flexibility, resulting
w0 poogioedrver durability and del am nati on resi st BCIBES200$1¢35887
resulting coated plaques are tested for adhesi on of
cecol BB BB R A OSTVAL oyl MILSRAGE y i gironcn
carriey ggy @t 20n4t- dThe gdivsteddpiv wtd Qfﬁheri@VIBS%@pmmlrec il 0@9;%)00 or 3000
standdd flﬁ gﬁ%g@&ﬁﬁ a!nélgig ABHGSe gf th@ B g&gel% !é lglrﬁ%ge PIN? GQsigpdard

nat'e s esion 1Is
ﬂ3/mlm99) @70.090sehiand hlr(b(beﬁipélép 0Q0essem ) ridhe rpa:tvemj swbals adjosted to
|
0y 50 PR RN O Bt g
coatin@ispdepesitep@hifaemiy qnéhq_%smaqéstégw of theGuhstrateAr = 1 000 seem
T k

MR@%(N% gr&c@du?&ifs gpﬁiztgd Wligi‘plélglf%%ngg% B\gdanggg 2 X%%Q}\?f?ggg)osc , 1,100
L) e rede D2 (BOGB0G sem) TNOSOANE 00w Aninutggo deposit a
polym%ﬁé R Nne 2y c(x‘f@e c@‘ﬁfn&lo'vgr tﬂ@ﬁy g&ﬁgﬁﬁe %oﬁti& 0 SHbtaldre coated

Under proper condi tions, excellent adhesi nis
with palyiesi aidoxpey oralhlcortpmdetlﬁb@mé/vawmg thieknpsses e insteaging pdereasing
the exégsureggls%fg% gtﬁggg?nq;f ﬂ{:écéle&’oﬁﬁ 'ié}@x” %ﬁh§ﬁ§é§§ee)s( }é’#‘% er c}hanh2 wm, the
precec&@-@m sgqpﬁgocgssdorzgpqqsmngﬁn tham)s(bcgth]@jeqr fllomsdBRR prolymerlc siloxane

I §
or 51llwe%fi%é%%%%tﬁ%gﬁ%)th%g%ow@ﬁ% ] nﬁ}ﬁ%lel IQ}%]L gc;‘afg% !ﬂ% r??é@(sed
uniforgyitgng purtage P@otimprs. addisRe tQ@mulelawloy@@@lhﬁ@a@t% Hexipility,
1esult1EE hd grEAthVMuFa%hﬁy 2h d@laﬁih@gﬁ{ r%%lstmcg utes at 3000C and 1.2
UV stabilize ycarbonate has a nelt flow

g“the rféﬂltmg geatadelaque ard tatieceior yherion of Fhspdasormbeird pesihfp, the acrylic

film SJIJPa%e UYarit 8Bl dys %}ﬁ reshifts @f thibk él%feféﬁt aﬁ%sﬁﬁﬁz@el’ héfd coatuﬁﬁhed using

| BRE 200-6 pol ycarbonate pellets are dried

atmosm iPHasBHPIOEHH{ 0 gnatgof aqqy]gqqﬁlp:q@aql PR TPSRALE Sheprg Adhes1on is
deternQﬁé’cﬁ%/ Mﬁ"ﬁh ﬂB@@&S'pQHﬁgatgﬁﬁﬁ’é:ﬁetthes% b U888 aSG ﬁ:‘)@ sctﬂg RBEre 0 = no
for 4 hours to a dew point of -200
adhesippprd §rex¢eligiadigpion. 02 percent. Filtered dehum di fied
air is circulated through the pellets. The dried
pellets are pneumatically conveyed to the hopper which

f eedsble ReAdherian ebAtmaeRberic Buna Jord Canite PGicrylic Laminates

potycar bongte p are gried nai 1
Coxgmpldry Hi g &?ﬁ hu mC|fy| nd%)fgiﬁe’(r) with 100%'_'11d1t1c()jn

r-anorw v —st a| nl ess aal m: -Fn 4 Inn re

TPy T

to & dew ndint of -7m|: ang rm| Qtlnsp lLevel f 0 n') 5

pefé®nt . The driedSpellets lare mandally trahsferreds

via8a stainl ess stéel buckgt to thé hopper which fe&ds

theoauxilidry extruder. Thg sheet @oextrusipn system

conpyl S€S 4 2.5 1nah di anefler HPM ¥ented ma| n extruger

(30T Dy—and I 25 1nch ainliary eXtruder. Tne marn

S e usi I di anet er
@ Cﬂgﬁﬁ@en@é scgﬁ‘ﬂﬂlé% q@%fgé oAy S0 8 ggéélh (tm 36/36
(b) Conda B* 5 0 sefnAtspscip

(c) Cond. C* —3000 scecm TMDSO/N2 10 scfm A1r 30 scfm N2,900 'W

(d) Acrylic thickness is 100 microns

Under proper conditions, excellent adhesion is achieved for all of the PC/acrylic laminates.
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Control System and Nash WMHF- 120 Vacuum Punp. The
extruder is water cool ed and has cast bronze heaters.

wab@e®eyew in the primary extruder is a 2-stageCDUsh&035887
Wave screw manufactured by HPM Corporati on. The f eed

Examg%??lt rb(l)eg}trhg}i?_rl (IfiPrOE&arﬁgr aeeSHeFtSWIQL I%l)}cg}%gn%@lf }lrr?
neters, and

t Bsampleell in@ coedtuidsd shwtctxmpssmg 4605 mohthickrP€ sheet (CALIBRE

poty cagpiifae S0 ook T st Hoh S5 Bop R Adhigh T dpegng @bped with

a 125 fi@eRiRASef TVetabafea P CS tRgeC NEIBRE DY0-$85ly@rbbfatéhas a melt
doubl e wave m xing section with a prinmary depth of

flow rgfe2d 6 grams/10 misuiep eh3 YEglandd pkg ang. the Lhe ﬁtablélmeéymb@ﬁhonate

has a I%Fﬁi ﬂ%vx;l' té HH‘ I%HgﬁtOCIH nu‘ae%%ﬁ%f tﬂ_&% coﬁaﬁfo%] oi"hg ILUBV gﬁ%ﬁ%r is a
Ter n e extru I'S

tr1az1n@ﬂ_$V&te®(ﬂhmt h the vent closed. A Beri nger EA-20 scr een

changer is installed downstream of the extruder

f the &ALW&H £90-gpol prgpe%rg@e &reﬁfr@ééﬁ ﬁ&oaﬁnt(ﬁ@ “200H Compu-
Dry H?g%{a%lg%ﬂbn%h@g ﬁﬁgg g;rgér \Q%H\’gg?de ﬁﬁﬁen pﬁg:cgé&fﬁ%n@ég bias1 Adiper at
250°F 407 600813/td 3Sewgmint of eiﬂ"Fgmd atqlahurelle;vall ©£0.02 pfetregnt Fdtered

Lt filt t ted th
achon i FangubPastruth Tl The GeaPosinge FHOTGUGALY
convepétm the bRpPQSIHitlY Reeds ﬁﬁ'rﬁﬁﬁ@ﬁtﬁlde@'ew ce which
el i m nates extruder surges and delivers constant

odbp LtV s@bélzed pelyrarbopate pelmﬁﬁ grodrred ee Contir EASHEL Campu-Dry
High Igﬁéi [ll)c? i d Igglnw%zbg i Cclaﬁgctel eS%%llﬁl)((il y ﬁteglchopper at 250°F for

4 houw@Xb L UldeF pdifit <ﬁ42quaiiﬁtrﬁd31Stu!rmle{fﬁ RY0I2 peheenexThy dlﬂléd Ip‘éllets are
air coqgled. The extruder di scharges into,a Maag no

manugly tpansigrsed viagstaintes spehbugkahie thehernes sdiddfaegs fh?@uxﬂlary
eX,u.udfe?edbl ock by a transfer Iine. The two extruders feed a
coextrusion feedbl ock to produce a two |ayer

s The ghest eoeﬁhmoﬁlagstbhnﬁimprssemh Gfimdt dinsdteb {FEMoenésd main
Cor por atjon ange, ..JTX. Once the two | ayer
extrudef ﬁf&@iﬂé g?é“fﬁ]’eadlx}lﬁri'ﬁ’g €edbl ock, the materi al
| §hb %ﬁialf Shdeh @xt?d‘sﬁcﬁyéisf}ﬁl Hicﬁldm sh 1Hé}§§1'éin*é‘eé§‘ e$piihented extruder

mat er | to as eet of desired w d and t hi ckness.
(30/1 TLHe), Mazg EXTREXS 236/3616h@sl’1w1pd @Mﬁﬂﬁrﬁﬁi@@t@tf&ﬁwﬂbyn and

Contr? réq(?ng{ q%é@%@%hgnl urrglgdl.t‘?% Xgla glsth\%%te% g%oled and has

cast bRk BeatéRNethe s¢RSY inl tﬁe éﬁﬁ@ﬁy a&t@daak a@eﬁh@ijﬁbIehwave screw
experinment. Extrusion rates are 100 | b/hour for the

manufagivied Ry FIPM Comprirations r Befuieed densle e firsttitsee 1a et moh for 5.2

/ . | LG t-
e 58 5L B VRS ), RO GRpar 00 150
inch f6198 Bi digﬁeifew witlhe Ot rinm(derep dpiral battier) The yeddactideis 0.45 inch

gear pu transfer |lines, and die are shown bel o
deep with ajl nﬁﬁﬁr”é BIPFigte rTf{eéﬁff@ﬁéP@P Zeteing FUORIS 7 (ouple wave

mixiné%ggtid'n %ﬁ@lcﬁnﬁﬂr{f Hgﬁfl of OB 1&@6% Gnch peak depth, 0.4 inch valley

depth and 0.15 inch undercut depth. The length of the second stage metering section is 8

diarmeters. The extruder is operated with the vent closed.
A Beringer EA-20 screen changer is installed downstream of the extruder to filter

impurities, increase back pressure on the extruder, and protect downstream equipment such
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Extruder zone 3 3000C Extruder zone 4 3000C Extruder
zone 5 3000C Head fl ange 2800C Adapter 2800C Screen

we banger79L8C0C Transfer Iine zone 1 28Q0C Tr anREBUS10051@35887
zone 2 28Q00C Transfer |line zone 3 2800C Transfer |ine

ot 05 ARSI, 0T 3 VORI s

used. Asfttet thegpolymxt nnahi & ﬁlmaqh,eit ’ttrangpostet] throggh ERHinde torponanster line
1 2700C Extruder zone 2 28Q0C Extruder, zone 3.2
to the gpay PHAEY PR i RYEHYe dz%%%xfémﬁnaﬂ%‘flfeerwmﬂbﬁmwf

extrudef %QQ% sTa{rﬂr&il%rs |cbﬂ§ar¥t%g)eu@ 1o %lt-ﬁ{faiﬂﬁfrﬁfonh 'sH%etZtEI&ngss
28Q0C Punp inlet 2800C Q0C Pu out | et

A3eo@rHepovex2880C sBHemtindides taeln%femah @ueﬂl@ezt etXltng:b:r Dlge screw in

the auxﬁbﬁlp & %éajblé%%éaelgez&%%elﬂ }?g%)qé&e S&rd'R o cogp)dc "Hw extruder

discharges into a Maag model 24/24 gear pump. The gear pump is connected to the
feedblock by a transfer line.

The two extruders feed a coextrusion feedblock to produce a two layer structure.
The feedblock is manufactured by Cloeren Corporation of Orange, TX. Once the two layer
structure is created in the feedblock, the material is fed to the extrusion die which distributes
the material to a sheet of desired width and thickness.

The sheet die is 26 inches wide and manufactured by Cloeren Corporation of
Orange, TX. The die has 10 temperature control zones in the body plus two lip heater
zones. The lip zones are not heated in this experiment.

Extrusion rates are 100 1b/hour for the main extruder which produces the main sheet
and 20 1b/hour for the auxiliary extruder which produces the cap layer. Melt temperature is
580°F.

Temperature settings for the main extruder, auxiliary extruder, gear pumps, transfer

lines, and die are shown below:

2.5 inch main extruder temperature settings

Extruder zone 1 270°C
Extruder zone 2 280°C
Extruder zone 3 300°C
Extruder zone 4 300°C
Extruder zone 5 300°C
Head flange 280°C
Adapter 280°C
Screen changer 280°C
Transfer line zone 1 280°C
Transfer line zone 2 280°C
Transfer line zone 3 280°C
Transfer line zone 4 280°C
Pump inlet 280°C
Gear pump 280°C
Pump outlet 280°C
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Die zone 5 2800C Die zone 6 28Q0C Die zone 7 28Q0C Di e
zone 8 2800C Die zone 9 28Q0C Di e zone 10 2800C The
woriobio4gesi ti on pol i shing roll stack i s manuf ackcir/e8200y035887
St erling, a divisi on of Davi s- Standard, Edison, NJ.
Static ?(e;oll stack haggtdiree chronme rolls with a highly
Elbow©! ! shed mrror técefinish (0.5 -1.0 mcro inch
surface roughnesgé ach roll is 16 inches in dianeter
28 |nches WI de. Internal spiral baffles create
125 Stransfer fluid
Extﬂep?%qnedtu ng in tr?go stemto maintain a tenperature
Extrudet zangdce of +/ - AB00F. The nulti-position rollstack is
Extrudsezbrierd t he hori Z80f@l1 position. Tenperature settings
Extrudeezdnednt rol | (rik8@f@st to die) = 2600F, mddle roll =
SpooP950F, and rear ragoPC= 31C0F. Mol ten polymer fromthe
TrandeirdRps1i nto t gobcont ni p point between the front
Trandt®! ineddde 1 ddl e r@obg then is transported up between

Tranjg H{yzqgg roll aig@@ack roll. The sheet is conveyed
Qe

zonta ly by of pull rolls. The mddle roll
Gear ed is about 1 ch/mn, and front and back roll

s are set at gglos of 0.90 to 1.02 of the mddle
P“mR ftlspeed. The p?d{O roll speed is set at a ratio of

Elbowphout 0. 90 of thezggagk roll speed.A protective filmis
appl [ ed to the top and bottom of the sheet to prevent

engyeperatutelsettings f ace of the sheet during handling,

D1eat1a1ansport and st2¥03ge. The filmis 2 m | thick

Die zoat yet hyl ene LDF Z¥90C corona treated to pronote

Die zagkesi on. This pragective filmis peeled off before

Die #8h@&sma coating. Fgppghed sheet is cut to length with a

DIGZ%E ggo nodel El 36fG.F- 1024 guillotine shear cutter.

Die zbil€ 524- i nch wi de es are driven by an electric
Die 238 , have a 90 it kting edge, with bl ade cl earance of
D 4" 6§1 i nch. The g%%g ruded PC substrate is washed with
1® Z9H° aqueous soap yrion to renove surface
Die zog#Sani nants but rwi se untreated, and supported
Die zgap8at h t he el ect48de assenbl y. Tetranet hyl di sil oxane
Die om0 is mi xed 2406 nitrogen carrier gas at 20 OC.
The adjusted flow rate of the TMDSCVN2 mi xture is 1000
st Bimchandi- pdsfﬁidnrpomsljmg eotistazk ik tmhsufattovedt by Stefing, lsedivision of

Dav1s§ ga?ﬂ;l:l% g% rﬂ) éiiarel? gqu%{e(ﬁy%!gSt %r}o Ult%@dug@é/rﬁohshed

mlrro-g%ﬁrfﬁ&vﬁﬁsh%@@ui 0 Iﬁlc@@ink!ﬁ Elﬁ@acte‘:foﬁ% c¥Sl tEacBQBll 1s 1% Héh6s in
provi de a non-thermal arc |SC

dlamoﬁegamd)%ﬁ llnalms vidat Ingrnalsspielgdilesereani %tgh tﬁlbulencq foe the heat
face of the substrate The. abav r r

transf AR PGS R PR S BRSPS OR YR BIGRERY, B The

mﬂtﬂ@os%ﬁrf?oll&ackllg @sed in the horizontal position. Temperature settings are front

roll (nearest to die) = 260°F, middle roll = 295°F, and rear rol1=310°F.

Molten polymer from the die drops into the front nip point between the front roll and
middle roll, then is transported up between the middle roll and back roll. The sheet is
conveyed horizontally by a set of pull rolls.

The middle roll speed is about 100 inch/min, and fromt and back roll speeds are set
at ratios of 0.90 to 1.02 of the middle roll speed. The pull roll speed is set at a ratio of about

0.90 of the back roll speed.
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sL/m and reduced silane/N2 flow (500 seen) at a power
of 900 watts to deposit a polyneric sil oxane or
W@ R0060¢9190Xi de coating over the organosil ane CPEL/USIPNS/035887
Substrates are coated with pol yneric siloxane or
Si A' 9(9.‘90’[%'fﬁﬁ1 I %g@feﬁ tQ fthevt%R ¥h§ %o%h?gf]tﬁé §ﬁéeft %( prevent damage to
i ncreasl ng easi ng the exposure tine
the sukfqpo Sif thetﬂhedfdurimg hgetimgg trhsspert, akd stordgec MHSIS 2 mil thick

st GRS P20, AT B B P pEEFE s pcta

ngggkﬁgggﬁgc§ﬁﬁlxane or silicon oxide |layer is repeated
hereby provi a multiple layer coating having

| nlﬁn@h@cbdle@msmﬂmlmgﬂawdh@ﬁaﬁmmww 1024 guillotine shear
cuttef dglggt%f) HCP 8? E@St | l I'GI{J%IE: gfelangercpr?s ﬁg%eve a 90° cutting edge,

wﬁhdﬁh@ﬁh&@&b@ﬁf@@@lﬁ&ﬁnce CLAIMS: 1. A process for
preparing a nultiple |ayer coating on a surface of an
or HErPEpErd e Pyt by & A aﬁge%s Ppapsplugipgytogemove surface

contafRHOR buSHErA G uithatt® ANS s@podd BB EHe%l&er&eSAéE&ntﬂbL ow
di scharge de osition, the steps of the proces

Tetra@sql%lfl}sg?%e SO} ip H}g(eg nglylétfogeplcplgier g%;g %f The adjusted flow

rate cﬁ’ klﬁqmm/ﬁ\hf E’fﬁ‘ithl%@éij@ b dagd (lIﬂB /1ﬁh1ﬁ(@£om)%h@ m jafQfthe balance gas
mpound onto the, surface of the organic

s 3 g oF N G OBy BLBRAITED GRBL remgioeisi Btekcis 00 scomy. The

poweH SPPRIi§ ddpikicfto 3000RAHE @d#S in¥te U8 SrdvAFRIHoRith@mal arc discharge, and an
sil1con-containjng reagent and optionally an oxi dant

orgatjopilage ¢qating is depasitedrgif ? Y e the éf‘P‘P%?d surace ghile sybspate.

depRsibbid}goRdsy bﬁ&@@&a Mith YnckakdO6:08dna 06! (§is 2160868 40 scfm, 1,100
of .a poI neric siloxane or §|I|con oxi de

SL/mb%sw%f?ﬁ%f‘ %lﬁre%Na @R\ ersmy 2l poprasr oF 890 waffsdo dpposit a palymgpric

silox&h¥ oPdiNTbRRRRI cBatidf 6%S ﬂfe%r@n@s‘ﬂaﬁ’é s6dtiag.g Sulii&@t@éﬂu% lcOdledBfitha
gaseqQus n1xture C nprls gyldant and a
polymasrie SHGHIL O UoR Pﬁ@e 1@%%@ W%t EPEFSEHRY TRUFASINS % dposspeips the
expo§i@dtihY@r B&pdsiflod bt tEdaEmE |Bfer. Ftor kRidBesss gﬂzaﬁfﬂhaﬁﬂ ‘;'imafhe preceding
abraS|oQ resi stance dempnstyrati

han
(o SRAIPOET RIS > FERRePHROhAYE APy By g yiBgss st or siicon
oxidelyek ﬁ&epe&ﬂédtﬁiéfdbsi @Glﬁﬁhg dlrﬁlgtlﬁl@ JaR¥ed Maﬁh@ﬁkﬁﬂng ia&e4kd un1form1ty and
wheel process re 9.2
surfagg yop{by ?51 melayglﬁ Tyt %ﬁeraf @w&%&ea‘iﬂ ﬁ%l@?aafﬁ uing in greater
durati@tl YA dlfnifatls kdsataechavi ng a first and a second
si xrface by neans of atnospheric pressure gl ow
di scharge deposition, the steps of the process
conprising 1) depositing a layer (first layer) of a
pl asma pol yneri zed, highly adherent organosilicon
conpound onto the surface of the organic polyneric
substrate by atnospheric pressure gl ow di scharge
deposition of a gaseous m xture conprising a
silicon-containing reagent and optionally an oxi dant
and thereafter 2) depositing a uniformlayer (second
| ayer) of a polyneric siloxane or silicon oxide
conpound onto the exposed surface of said first |ayer
by at nospheric pressure gl ow di scharge deposition of a
gaseous m xture conprising an oxidant and a
silicon-containing reagent, and thereafter repeating
steps 1) and 2) at | east once nore to prepare a
nmonolithic, multilayer, abrasion resistant coating. 3.
A process for preparing a nultiple |ayer coating on a
surface of an organic polyneric substrate having a
first and a second sixrface by neans of atnospheric
pressure gl ow di scharge depd3ition, the steps of the
process conprising 1) depositing a layer (first |ayer)
of a
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pl asma pol yneri zed, highly adherent organosilicon
conpound of the fornmula Si NWCxOyHz onto the surface of
W b@eosgani ¢ pol ymeric substrate by at nospheriBCT/US2005/035887
pressure gl ow di scharge deposition of a gaseous
CLAMIKt ure conprising a silicon-containing reagent and
optionally an oxidant and thereafter 2) depositing a
unt-f or r Peepess fgrseraries 4 myléple layer sogingypmesiiéacs iof guergenic
polyn‘férrlc%hlls{rgtg Ha\g’ﬁ% éjﬁrspé?ﬂﬁg%gd Hrf&c@%yfn‘&raﬂy&f%tn%smgrééme glow
he exposed surface o f said first |ayer
dlSCh@l’gﬁé@Gﬁ%ma thesteps sﬁ}h@prmea%qwm@wsdeppmn&ﬁ layer gférgfém) of a plasma
polyn'i@r?i&y Bﬁucgmédrsérg&oﬁﬁcdﬂ%bﬂﬁ(ﬂﬁn@&ﬁo ﬁle%hxlfécg gf‘t‘h@ Qfgaﬁlﬂc rﬂ)'ofﬂrglerlc
reagen wherein” wis a nunber fromO X is'a
substaterityesmdsphsic pressure glgwlischprges depositinn ef 2 eqrs@wﬁ elvglwe&oalpnﬂng a
s1hcoﬁ cbﬁtalﬁmg WID&H add Qﬁnoﬁ)all%' ah 9x1§a§t 1Yi/a ﬂr§ stép 'ﬂh’(mﬁ@rreaﬁerr% b step
I's a nunber fromO .0 y' is a nunber from
deposﬂn@ a %b$amallﬁunlf0§n éﬂymiﬁ%‘@}d 1?6’6%0@3 molt/@ermﬂexar\méﬁlbpw oxide
compuﬁﬁi (HMJ tﬁé Blp%se'd%ﬂﬁﬁce GPaid ek IQ§§r 1354 thhb@lﬁaﬁsp?esg&re gfovxl &shhrge
I nproved hesion to thé substrate,
deposamfrnas‘ i2 6@153?1@52111§'t‘1ﬁ?1‘€9@113r1é1§& an yeifangang g alélporr@n?enwewm wherein the
mult1P1@4?§e%hﬁ Hﬁg 1 ﬁ{wkﬁgﬁ oﬁ-ﬁbéagt fﬁ%l!n?%ﬂd Eﬁ’f"ﬁﬁéﬁoﬁ(}eﬁs@é}ﬁé dihGhstrating a
wheel s d . 4. The
changgraf éeéss@armr eﬁP%l |t¢r¥<3dq}m bpzsiupjtss 9@?1350 abqueésS giegsured according to
ASTMQPI%@IL e 18t whe&ASoPpGSighore to prepare a nultiple
er, abrasion resistant coating, having inprqved
f | xi bi & propess derrnagnaring 3 mulHpL < lay e se@ime ogrswdace ghan organic
polyriHcls@Bsthit Yavirs a ArsPifdG&8nd Qirfﬁfe%@@ﬁéaﬂgoﬁttﬁ&ﬁﬁér&%r&ﬂur@ glow
surface of an organic polynmeric Substrate havi
dischyrge depogifien, destsps At piRpeate@BYrivig hdlepesiting ﬁd@ﬁh@?r?téayer) ofa
plasnR foikiSeddhigly ARG HR b YR HERSH 'cbthﬁcibndtolﬁt% 1 s@tﬁﬁce‘:bf&het d¥€anic
process conprising depositing ayer of | asma
polymygsicyshisirts by atmpsphicglg pregsugq stoyy dl%‘fP@‘HF er&aﬂ@} fggaseous mixture
cmnp%@ﬁigg%béd&ﬁﬁnﬁl@gﬂéﬁ’géﬂpang Bt ANG afi ¥k {das@n@hhelehRerQ) Gedkibing a

pol ymeri c substrate by atnospheri¢c pressure gl ow
unifogp éacyﬁra(pezg@nddlémwﬁ RS’%W&?FIC dlogaae suElisAnaifie SoBRHBH CBfore sposed

surfasd &fls&i BEP Y& Y dfosp B Pihsud @10 ik Maela¥poBitioR ¥f 4l Eous mlxture
wherein the conditions of the dep05|t|on are suc

compriee pi PefanbInday GG SPIPIRBH IS Po i Ere s ToPeating a@PSaH and2) at

least aﬂc%rlﬁgt?totppép@@rh%&loﬁth{c ﬁﬁlltlla@% tab?asQ)n W¥Bistdat cohfie. pr ocess
of claim6 wherein the ger of organosilicon conpound
1

i s3-depodiPFesassdpt 5erares %E‘P atelagsr CPﬁfélgoqllgéHﬁ foce 96 Y HigATE

polyrﬁé%mgﬁsttrat@thaﬂné b ARRAndGEBARH ki Ahce ttifeatll oﬂ&m&@ﬁ&ic pr&sure glow
7. The process of any .qne of clains 1-6

dlschmé .d@mm@fh dhessisps Athe BPETSs SN BIHRE Britepenting &ylayck (g lpypr) of a

plasn@dr Igﬁﬁﬁe@lzém hghly@aher&ht ofakdRiliBOS IchBpSind WE tid &'&nﬁllevﬁ,lO}Hz onto the
ynmeric substrate hSV|n a first and

a
surfagqﬁfﬁlaecféganwao@h@mwﬁh@trﬁfﬁ KAl ereOR dos heGoRs fgpgsiton of
gasedd Enihre @&h&ldu@g\/ﬁﬁﬁcoﬁfcoﬁﬁﬁiﬁg lr%@ginﬁeﬁﬂaiﬁﬁ&iahy 806k G RIRe eafter 2)

and one_or nore ers_ of p neri.c SI|OX ne or
depogifing 2 YhoH% jayer (é%;ﬁ‘ﬂ% ) ofa gpﬁy%ggog loxang or 51 con ox1de compound of the
formula SiN,,-C,O,H, onto the exposed surface of said first layer by atmospheric pressure plasma
deposition of a gaseous mixture comprising an oxidant and a silicon-containing reagent, wherein:
w is a number from 0 to 1.0
X is a number from 0.1 to 3.0,
y is a number from 0.5 to 5.0,

z is a number from 0.1 to 5.0,
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organosi licon and pol yneric siloxane or silicon oxide
| ayers exceeding 2mmin total thickness. 9. A

W@ wposi7ve structure according to clai m8 wherBCTUS1905/035887
pol ymeric substrate is one or nore pol ycarbonate |ayer
I 1gggu&ggrrﬁog{0ﬁg ifd,] mand/or sheet. 10. A conposite
structure according to claim8 wherein the pol ymeric
sttisa mapker fremdre 1@ nore pol y(neth)acrylate layer in
L7 { AL FoR 1fdﬂor§10and/or sheet. 11. A conposite
Structure according to claim8 wherein the polyneric
U lisst pumber fremd). 1l taPRat e conpri sing one or nore

Wherenpﬁ% Yﬂ*‘lﬂﬁ;hé) ﬁ?&r%o?cﬂl% hQQ@thQ‘ﬂméEQ Bfaat Ra@iti(dﬂ'iﬁﬁ rlﬁ‘@%%'d%ﬁﬁesmn to the
[ ayers in formo f I mor sheet and

substraigeqndsintabthsion aisesed IPQ‘,Séli*ﬁna’ﬁ aqqsbno yhéeliachagg W%Safﬁt@ 80 Tabor cycles,
measur@d %dc%ﬂlﬂlgﬁﬁ 'A%qM BY&ASCR{ \%@@ rpg g%léhlﬂ €

acrylate {ayer. 12." A Conposite structure
afb cor dTh@prp@swf&iam iovl@relqﬁemﬁbfrnéﬂh aetigpeiied % leaghopee more to

plepare%%ﬁ(lglgﬁtlweﬁ%ﬁékl% 1%s19t9hty ngl BYREm VM ﬂe%?@lh , durability and
cross-1inked poly(met )acryf ate poly

surfac edlmsesdndanifernigt ure according to cl al m 9 10 11, or 1
wherei g éﬁmss%r&farl ﬁeoa@iflg Blh@Sl)?ﬁ!:é’&leﬁk% @pdlﬁﬂ@rfossubstrate
n

and/ or e or nore o (nmeth)acryl a te | ayers
having g digistendpagepyd %ﬂmhySr@eaaﬁ@f aémoaﬁkﬁrkﬁ PERTSHB ISP HiFY jatge deposition, the

steps omgg%gs?%omiMSmg%leg&%grhg dﬁ@%ﬁef pladnal plyiREz4 & rdi?u@cflly%lear highly
am hate, extrude tructure, or asse

adherentoprgriiosilisgn e Qo e e pldheRiasTaPHy e &'}baﬁy T3 1

atmos pREricfresstre-gldly BkdgioBAepBRiieh bAd gabddud ﬁ‘l@(ﬂﬁl@ E&h@hsﬂg 8 Bﬁ@én—
|amnate extrud e(% structure, or as (f%conprls

contai néngripeasnt andsptionatly poitand Ty theoecBR P of $1 Seposian e such that

the lay&%g@ﬁbéll%oﬁ EorQﬁHuhﬂi Hi\ﬂ)sﬁéaﬁﬁ§ ASivBidgAthitk Ak BY af1B4sEP.0 dUm.
according to claiml aut onpbi l e or buildi ngeposmd

conpr i Sheprogesypielaimg Wheredp thylayerof greanesyjicen OMRPHAdE

onto thg; SurfabB & AY LAARRbISmEFic QigbbJ)r@ hAin&k QO ARt rdte of htakd®t lcm/min.
wherein the glazing material is oriented with t

ekposedhapiopess el 49y oppiel Gy inéherews theyseseid Lyerds F‘%@@Hﬁfﬁly

lacking HOr&RflhAGidowar d the exterior of the building or
autonobi l e. 19. The autonpbile or buil ding accordin

t® cl aAr§ompPosiisSHugtye PP@PTQS]I%Z% pﬁ)@rmﬁﬂf syhsirate havigg a é‘ﬁﬁté a second

surfac M Brel18e BXPRARRH sstihd afRcHas biteor Rdrey Rdrk 6f ﬂéﬂo@%@r&g@ﬂ’osﬂlcon
Silicon o ide coating toward the e terl% of th

compopif angl Sl oppossJavskrothipp lymengsiloxae opH %oln],paeledu pad deposited

organogl‘iﬁe&f SRy riEkidixaheld sWRBK Stide ke dd¥ecaRE QB8 In tof] thickness.
grafted, copol ynerized, qgr otherw se bognd fo ane or

nbre of ORI SFEcIspeerding taylara 8 aharegythie,RalygrerifEybstgp is one
ormord B@ly@ﬁt&faféqﬁﬁ} ﬁﬁﬁé’foﬁh%fﬁ AMehil/or dieet. The process of any

one of Clains 1 to 7 where the coartin g ﬁ&s

CHE 71 Astompqpesugig S6r4iaes Spin § neoisgln b e DGy SuEfge is one
or mor%ﬁ@@hﬁ@eﬁﬁcryl?a?e laybP &) tBOTIADK b BluSiddig khdeg according to

aim8 wherein the first and second su facg}\v@ &)

of bani & FRIMPHEESTHCEIT RS ERR ) cmgévr?a@m YPRYPETIE EPsEpte Is 2
lammaf@c[o%ﬂrﬁiﬁ@)éﬁe &f m&@ pOStdreshaRHENRDE hﬂoﬁé}fblﬂmﬂﬂﬂgwﬁlaaﬂ@ers in the

i ndependent |y have on relgl rsofp yre
form of p ffilm oy gheetang Itheéiiepqsgscﬁorgy}oglgtcon an go ymeric siloxane or 'sitfcon oxide
layers are adhered to the poly(meth)acrylate layer.

12. A composite structure according to claim 10 or 11 wherein the one or more

poly(ameth)acrylate polymer layers comprises a cross-linked poly(meth)acrylate polymer.
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compound, sai d deposited organosilicon and pol yneric
sil oxane or silicon oxide |ayers exceeding 2nmmin

W@ 060al0497d ckness. 23. The conposite structure BCDUSIDFIQESSS7
to Gaim 10 wherein the poly(meth)acrylate is a blend

ang/ or Acc%ﬁfgbwz%ﬁu&ﬁx%&erdmyts cReNetati, agx;ﬁammmh@tm@or more
first (methf)acrylate and second (net )acryl at e such

of thephiyearbpnatp fayers apd(pr qHp gsBEre af thepplastlasHarRd A inate

compt'ls% ofte GHr U“J’%§or9ﬁ§§c§n@ﬂﬁ’dsan0t her phase is a dispersed
phase and where the continuous phase has hj gher

Tq
tHén tweglwﬁlwa%tg% “’pthf‘a%‘)gn of Qaheefrh@nta&ﬂﬁ%%ﬂe Sgtl%f& qjragsembly

comp oflb\Gke tPuctdrahdbordihg WhEhigl N1 érhe. conti nuous phase is
rich in methyl methacrylate and the di spersed phase is
riléh i A gaging lwtteraztl Frytp%l g of a sheet, laminate, extriided structure, or assembly

comprising composite structure according to claim 13.

16. An automobile or building comprising a glazing material according to claim 14.
17. An automobile or building comprising a glazing material according to claim 15
18. The automobile or building according to claim 16 wherein the glazing material is

oriented with the exposed surface of the polymeric siloxane or silicon oxide coating toward the
exterior of the building or automobile.

19. The automobile or building according to claim 17 wherein the glazing material is
oriented with the exposed surface of the polymeric siloxane or silicon oxide coating toward the
exterior of the building or automobile.

20. The composite structure according to Claim 13 wherein the UV absorber is grafted,
copolymerized, or otherwise bound to one or more of the polycarbonate layers and/or one or more of
the poly(meth)acrylate layers.

21. The process of any one of Claims 1 to 7 where the coating is applied to the first
and second surface of the organic polymeric substrate.

22, The composite structure according to Claim 8 wherein the first and second surface
of the organic polymeric substrate independently have one or more layexs of deposited organosilicon
compound and independently have one or more layers of polymeric siloxane or silicon oxide
compound, said deposited organosilicon and polymeric siloxane or silicon oxide layers exceeding
2um in total thickness.

23. The composite structure according to Claim 10 whereim the poly(meth)acrylate is a
blend and/or copolymer and/or interpenetrating network of a first (methDacrylate and a second
(meth)acrylate such that at least two phases are present wherein one phase is a continuous phase and
another phase is a dispersed phase and where the continuous phase has a higher Tg than the
dispersed phase..

24. The composite structure according to Claim 23 whereira the continuous phase is rich

in methyl methacrylate and the dispersed phase is rich in n-butyl acrylate.
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