GLOW DI SCHARGE- GENERATED CHEM CAL VAPOR DEPCSI TI ON
PRIORITY This application clains priority fromUS
wee@siosi2enal Applicati on Nunber 60/501, 477 fi |l BAT/8S2004/029442
Sept enber 2003. FIELD The present invention relates to
coat Gh W DIFCHIARGREENERBIEDRE HEMIGHY. FIAROR DEPOSITION
di schar ge-generated chem cal vapor deposition.
BACKGROUND The use of wi dely avail abl e and i nexpensive
PRIG rs such as polyolefns is often limted by the
undesirably | ow surface energy of these polyners.
ConSepupplitationaaimsexipeitsirome, U Perviiabrs] Aappiioagioni Nineber
urfa ergy are often used where surface
60&@ﬂﬁ35?ﬂ?f Septebtie?d%8n or both, are required, h
recent years, an alternative approach has been
devel oped, nanely surface -nodification of |ow surface
FIEDbRr gy pol yners using corona or plasma discharge
(termed "gl ow di scharge” herein). For. exa

e,
Pat ¢ PEEsetgnyengiop splates fagpating gt mf’d%f@éﬂéﬁéél SR u%%glow
dlseﬁa{rggp&?e%@d &ﬁenQB‘fxly\%L)SJ a%})o&hl)ﬁ” can be inproved by
cre ng a deposit of sificon oxide on a traveling
substrate by subjecting the substrate to a gl ow
di schar at atnospheric pressure in the presence of a
Bﬁéﬂﬁﬁﬁéngﬁ@h as a carrier gas, and oxygen or a gas

cap %la Gsé S%Qfd%fwﬁ}aﬁgolg é%fcgﬁﬂgxPég%fe\}Sa %%%Enérp SudlE ég)%g/oﬁeﬁns is often

descrlbed fman e ed rén

linfited fogclee m{detsllﬁzﬁﬂp vy pEfacoen@gyver thakd golyinkrss lﬂdﬁi@écﬁleﬁﬁl}@ fhore
at | east two drawbacks. First, the preferred workin

exprasive siatprjals kaving @ghrrmye HgEEN e QEehusesrwhare @trr&rce Wettability or
t
adl%%ﬂ)'s ici?%otcho M %@?19% réc{%% eérsr %1? glﬁ%g?tg}re%%ggo%gﬁ %%%m%? ’developed,

icon oxi

natbl§ sGrfedd m@dlﬁefttlddhbﬂlbw suffhdcSenely potRpers abing @bk odplasma
di éﬁpllcatlons and whi ch can foul equipnment. dow
is

shderredpigloyndisebgisicegciBheni cal vapor deposition

(PECVD) has been used to produce coatings on

S Ubﬁ)f 14,87, KPLONS ’7r6 (E hﬁ&@@t"aﬁ O\ cFAGTHG é erformance of
&7 A

si’on, scraté neati o

pol@&hﬁnlfﬂm dan belifprdvet ®ytcreﬁt1ﬂ.@6 dérﬁﬂlt OSBEHGDE oxike oala. travehng
descri bes, a cylinder- sleeve el ecirode assenbly

su‘tggﬁtgrbgtsgg] ceting th@ SHsRtete arg QW ggscharge at atmospheric pressure in the |

presence of a silane such as SiHy, a carrier gas, and oxygen or a gas capable of producing
oxygen. Although the method described by Slootman et al. does indeed render the surface
of the polymer more wettable, it suffers from at least two drawbacks. First, the preferred

. working gas (SiHa) is an extremely hazardous material that ignites spontaneously in air;
second, the deposition of silicon oxide tends to be in the form of a powder, the creation of

which limits the scope of potential applications and which can foul equipment.

Glow discharge plasma enhanced chemical vapor deposition (PECVD) has been
used to produce coatings on substrates to improve their resistance to chemicals, wear,
abrasion, scratching, and gas permeation. For example, in U.S. Patent 6,106,659, Spence,
et al. describes a cylinder-sleeve electrode assembly apparatus that generates plasma

discharges in either an RF resonant excitation mode or a pulsed voltage excitation mode.
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di scharges in either an RF resonant excitation node or
a pul sed voltage excitation node. -1-The apparatus is
wop@saiee i n a rough-vacuum nmode, w th wor Ki ngP@EES2004/029442
pressures rangi ng fromabout to about 760 Torr.
T h@p;ewaewtu@m cmerat@ugmmmmm@@d@emﬂswgﬁm £45 piiepseres ranging

S .ove er a t t t h
frof 80l PR it e PG PagtiePha® Llrefrotud PRRSHE fefid oshave
adwineied bR %E)leﬁéuf)ﬁ g%ﬁ&lfﬁ%@ﬁ%ctﬁeéﬁfe'tféﬁélﬁée @ﬁe‘l@&ﬁ?&f dubply gas
operati on, [ ow ng for the econom cal use of nor
flooxpeeris mmfmpmdy Eﬂugedg:@sfqmedﬁu istrfvglyrmbmesphtihe O]g@m’recvrataﬁdwmg for

Coatln 0SSess Ssu erlor ertle ed to
(oA aIoTEE] (R8Pt B SR AT GRATS. dTIE e Ges faf geiorated coatings
t T
poSSE! BB RIS Rl hs Solifedb bRl forliclhslp B A nal'd16w

discleqge systeantopefatingeghened tesa oy highipedssarss.a commer ci al
di sadvant age over strict atnospheric net hods Thus it

wou be a n the art of .PECVD t bl.e

o ube ARoRRReraTO0Y Seeh o & SBR SN MGG of fough
vadyufh, whidH T C8RMmIIGE) d1§£lﬁztahtrdg§ ofdr sBITRERNBhE IBEfﬁ%éél MBhus, it

SUMVARY OF THE | NVENTI ON The present invention
woaliidreesssmlyatthge nhethe eit e EEY D to hehablatct crigte pomigudism@hat is, non-

\g ocfgss for depositi ng a filmcoati Egﬂon t he exposed
powdgrrigpaings i.c,, ilnyeqatings) coatings At ARR9sP DYCEHE st eps of :

(a) creating a glow discharge in a region between an

el ectrode and a counterelectrode; and (b) flowing a
SUMMIARE OFCHBEIISVIEN HODMNI ance gas, a

tetraal kyl orthosilicate and,. qptianall carri

for rrﬁﬁefets%f% F%‘%IIEW ég‘ﬁﬁ%%?ﬂﬁ é‘&%&le{lﬂ% e{“ﬁ@yé’% mg%PmCGSS for
deﬁysﬁ@g%rfﬂ %ﬁn ‘ﬁBeOJx loBed Ripralid Sf J‘éﬁb\étr&’t@ &fardc?e@&%d Bfn?ne steps of:

sur sa| ate at a flow velocity of
(a) atxatihg B glbv dﬂsshargs abowegioh befvesentadnelaandeatd accmmmerdfeotrode' and

tetraal k Iortho'l cate in the ebe
(b)td??@’”f‘%ﬁ quxyt ?Wﬁ%@%@% Ipngs g%@c?otegmw %ﬂ&tﬂa'teg%@@epﬂonaﬂ%
car'ﬂ_&r%a{s%xf @k rf@tlaaaflﬁyudsi‘lh%ﬁﬁkétg %J?H%ﬁ db@ﬁfs g arldF NER) the

1is ani tration erre ar at us
v1c1nm'd)f iatlebdtenp sadBeDOf (Siudtshbstrmataniﬂow neleoity oﬁfrmialbguta() 05 m/s to
hol.| ow perforated electro a a.drums
abqug g ﬁ%ﬁ@? EQRGeBRHion Ofptﬁ@ ?etreahkgfggﬁowf%% oy the PB#“B? bgipgin the range

of £bifGn kG ooégﬁgnﬁﬂf%l@?gﬁﬁ)gﬁ:}gn?&%ﬁﬁﬁ lﬁ%ﬁ&ggeox?fhe sifstrate.

apparatus o a nore detal
illustration of the hollow el ectrode of Fig.
DRAWINGS

Fig. 1 is an illustration of a preferred apparatus used in the process of the instant

invention using a hollow perforated electrode and a drum shaped counterelectrode.

. Fig. 2 is an illustration of the side view of the electrode and counterelectrode of the

apparatus of Fig. 1.
Fig. 3 is a more detailed illustration of the hollow electrode of Fig. 1.

Fig. 4 is an illustration of a hollow electrode structure having holes as outlet ports.
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Fig. 4 is an illustration of a hollow el ectrode
structure having holes as outlet ports. -2-Fig. 5is
WO 2008049208 ustration of another preferred apparBCTUES108€029442
in the process of the instant invention using a holl ow
per fidg st ieds & Hostrasivn ofiatothepprafearcd epparetes sbadon tlgiprocess of the

. Fig. 6 f th d f
insrBerPplich Bad e b Bei SR e 02 kil lSak GhnleHpotroce
Fig. 5. , DESCRIPTION h the process of the present

| NV et 1608 an SWistraGdieoH the BB VidHE BBk ¥IRREdS ARIiMRREYel 8t de of the
applied to an electrode to create and maintain a gl ow

appirgivhaf Gg. bn a spaci ng between the el ectrode and a
counterel ectrode, which is preferably a noving
counterel ectrode. The power density is preferably at
least 1 WcnR2 (per cnR of el ectrode adjacent to the

DESTtYPat@Nect rode) nore preferably at least 5 Wcen®,
and nost preferably at |east WcnR; and preferably not
gr eat er tinéhe ZOGESWWLhR prmmte'nmneiber aiffigiemgowgr detsaty and

TRy 2iFpPPYEL G ey 0 Brepra i na SR Ly hategap a spacing

betWéEﬁ Y @ERFRB add RoliR@RlecRodd %vhidd ?&&tabﬂlrael{lﬁlﬁgl y at
| east kHz; and preferably not greater t han kHz, nore

cotetlctibdey Nutpayres demsitytihpref@abli Iallz],eaﬂridwmzt (per cm? of electrode

TIPS
lea§tulfd Wodgh tanﬂ? reR&Hb1 \ﬁ%t giades Hah 300 W/cﬁlz Ofﬂof@ p?@llg b@}enot freater

preferably at least 0. mnm nore pref er abl | east
thanrh00 AWty aicenaﬁlpyefnmblylm @rdakteatham0 My c r”ﬂle frequency is

0 f
B RAh hg et e i prelarlY
kHEOa[Iﬂl‘ ﬁgfeﬁabﬁﬁﬁ&tgr%rq}iﬁm wehe rn%}le rdfbtab8%o Y\%ltegte?dhalnsw kHz, and

dielectric sleeve, and the substr te to be
mommérea\iby;loitgremerﬂhmé@szong the drum Alternatively,
t he counterel ectrode can be in the formof a planar

gln g klél ggagafé‘tleltg%%%% el%lgttrt to?gt%m?@gﬁgiﬂr%}l%ﬁc%gr}/t %o achieve and
sustdiRB SRV HREhARYe, phFerabBNRleaSOY) [‘ WGh erh@l%tﬂré’l@{%blf Aledst) P mm, and

pur poses of this invention, the terns el ectrode and
preéasairly aptinerst hh@mj 80 e, mampesferhtyl I}Dt uved thau 20ehumy andmast

ectr nd a_secon ode

ool 3 nELAOUOBILPTY T PR ST R (8 PRdD PevEraar protating
dru@ prerassly fitiee vﬁﬂh@ﬁ&él@%c %R:@V@ %n@ e éﬁb@&e&g tdbd &bated is preferably

perforations therethrough or thereinto
transported along the drum. Alternatively, the counterelectrode can be in the form of a
planar electrode preferably fitted with a dielectric cover, and the substrate to be coated is
preferably transported by the planar counterelectrode. For the purposes of this invention,
the terms electrode and counterelectrode are conveniently used to refer to a first electrode
and a second electrode, either of which can be powered with the other being powered or

grounded. The electrode can be perforated with perforations therethrough or thereinto

which can be in the shape of, for example and without limitation thereto, slots or holes.

A mixture of gases including a balance gas and a tetraalkylorthosilicate, more

preferably tetraethylorthosilicate, and optionally a carrier gas for the tetraalkylorthosilicate
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whi ch can be in the shape of, for exanple and w t hout
limtation thereto, slots or holes. A m xture of gases
wo psdi2e)) a bal ance gas and a tetraal kyl ort hoBCT/USRD€029442
nore preferably tetraethylorthosilicate, and
(togpthem e tiotal gacmixtite) isdlosveldgntotthe glow discharge and onto the substrate to -
b t et r%al kylorthosilicate -3-(together, the total gas
© SP¥e re) is flowed into the gl ow di scharge and onto
the substrate to be coated. As used herein, "carrier
gas’AsnRbe hérel “Sarf@Ssas PSR ks, ?réf&ﬁf)l%/aacﬂdnl’e%cﬂ@eg gas, that
that provi des a conveni ent neans to nerge the bal ance
prayades\ei qonvetienttra¢ana éd teptgerthdoalinde gas withPhe fegmalkglorthosilicate.
rrjer _.gases include nitrogen, helium and argon. As
Pr‘?%g%%d‘f‘?ép 'gﬁsestlﬂgluflﬁpﬁogﬁ%lhﬁﬁ%’ @gﬁargp% a reactive or
non-reactive gas that carries the working gas through

t he AglRed hads, BRIEQS eldlaRs cadds Whitdc®t 6f Hord-Rabfh gas that carries
substrate. Exanples of suitable bal ance gases | nc% ude

theaverkingxgagdmough th@lechriode peyématidus|and mitimatdlyzo glensubsisate.
wel] as c inations therepf. The fl r at f .t he .
Exiples OF GBS Ghtins R Bset R i Oyt Ebot G i Guaiirpge, helium, and

argBh 2 WelPH YomRihAidAg teBddraghk A hROstiths fal1%al MikdlR is sufficiently
substrate to forma filmlike coating, as opposed to a

highdadtivs thef ek, pajsenring timelkyloothbsitigate to the sobatte to form a film
Pref.erabl(}/p[the flow rate_ of the total Eas. m xture |

like grafingndt CRPRECA 81 e Py SBfaced igqRtinyious CRIINEIRF GRGR dey Preferably
theRRIv PJt@Bf ﬁ@%otbﬁgﬁtmikﬁ%é Is sﬂ?l?ifhtah e QRIS of TR Bis g?sesirngbtfng/ough the

preferably at l|east about 0.1 s, and’ nost pr
peratrati@ssis ableasitaboutd. 0 /s, anode preéfralgbt lpasiabowrlehitngs, and most

h abput , re preferaply not greater than about
preftily 3 et ffdho- DUt aRa IS ABb oF Siset Senaoutdln Samore
prefrSbly HBEalch@WMMME hBGitisYmAR! aﬁd‘lﬁo%g)zefgﬁﬁg) 4 Ak e dblGt 2 mys.

perforations of a perforated e trode |1 s determ ne
Thbflowi vel atiitygpf theezak peswingatheough tipaser freatsuns ed a iparforitddslatrode is

cuhi c ter r second the total area. of.the
derfirings B 15 B Bieslretris o SRS U] Sy BRI HapPie BSierpmgr seoond by
theftb@1Mr¥E b e tpérBfatibREmIASr RAR NS of AHIR R alﬁle(ffﬁ'vsa velocity of

gaps) between the el ectrode and the counterel ectrode
theiges passangrthroagh bysapl(ari gdps)deteenithovlectatde anfl tpsounterelectrode is

nmeasured . jn_units of cubic neters per second by the
QeI B G ERE IQARY O G4 FReS IR S U B HDIS e G second by
7 fi AN I . refers a
e P e (R ae T B e s, (2 71 o

conductive el enents spaced apart to create one or nore
gap$és dhbnet erein ghlectrodeli ecfersrt singlé tomhotivVelpdyforated element or a

der h h f the in nt inventi n
plu%il%fe ?ﬁ%ﬁgﬁg?tﬁlvetaqi%r}len S %%%ec? apatrt tce) crea et g‘net or mor% gElpSot ercealrough or
thereinto. It should be understood that the gas of the instant invention can be flowed in the
gap (or gaps) between an electrode and a counterelectrode, or gaps between electrode pairs,

and onto a substrate.

In addition to the significance of control of flow rates, control of the relative flow
rates of the balance gas and the tetraalkylorthosilicate, which determines the concentration
of tetraalkylorthosilicate in the total gas mixture, also contributes to the quality of the

coating formed on the substrate. The concentration of the tetraalkylorthosilicate in the total
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gap (or gaps) between an el ectrode and a
counterel ectrode, or gaps between el ectrode pairs, and
WO n06/0#92%%1bst rate. addition to the significanceCDiS2004/029442
control of flow rates, control of the relative flow
gas mtixigregitdring tha g]@m:@sc@)ageaﬁ suffinient to create a deposit preferably an

. | k th | t t
optH T HParagre rl i roRon GCER areiieRng. (s ghase
nudlBtidh bl 3 r @Jl ek RoHhRBioh th fRQ oG Wit HesdiREn dlmlmshed

coat i ng substrate The condéentration of

phydienl pedpeetids Iﬂyérellnt dtmell ascafueprnent findirtgo tvhich-léadgas costly downtime.
e is sufficient _to

m xture enterln i schar
The cengeatrationploss eﬁaﬁf%%e?l%f@at%ﬁl fptabgasyniiuags, of gqprse,
Ao hon e Ry I kB LB (Bl RS BARE LR LR g
mlf(ﬁl[‘e'mtl on in the coating, which results in dimnished
physi cal properties therein, as mell as equi prrent

foulin mhlch I ds to cost
conSBRTSRER At ks ﬁéd%wﬁ% tl&% W@féfﬁgfb%n@ewﬁtw%of

tetltagfkg orﬁ’l@§1 1@1’% Lo Be hs%d a@teiqétﬁiléf Bw ﬁ&p %Qﬁg@ﬁ stléh‘f’ﬁcant powder
trve Iom1ra tes of parate streans that Torm
forhfatioh 0Tht cgasniritidnufehe ﬁuazﬂkylsrthgshkcate ts do demstedent 2000 ppm,

di scovered that unusual | ﬁ%rncent atl ons of

preferably Rt lepplaberbE 00inpay @n gwr%ere 8klyat leagiaqpyty 4790 sy and not
0 f 0

areiiel Wall 864 1000NCRAS Plorithlyinol 3Rk fANTBEW (P00 BhIOd more

prdfﬁalslly nabgiehte? A 7000ppiar eltoagh yt 1apodsﬂﬂ6to @byt %Qﬁocess of the

and nmore preferably at | east about 3500 mh and .
Prqaett 1@%&9@ PY fRRININGHORE LA 00 D2tbighyacyrr g thagl 9er§% arge region,
(th&i§, ahé feg{tﬁ?&)h%ggé %ggqgs'&ﬁ&%g gm@@ftﬁe gfo%tagsr ?Etéferglﬁ"y carried out

gr €at er ossi b

SO ﬂﬁt thy ghasty didoRarpe ecpiasis @bt sdbgecptcmzrstgmﬂmn tacmombyt partial vacuum,;
pplying a vacuum or partial vacuumin the gl ow

thaatSs@w@féw Brefgrabbt q@&ted It af HENQSRRGTSTPIGIERe t he gl ow
di scharge is forned) the process is preferably carried

out pBRyhHhAY nyn?é??zaﬁ!)ﬁ)iﬂ b RIS EH B oS c&?fed%ﬁpﬂ)}?ﬁlte process of

to any significant vaculm or par a vacuum that
thetpiresept invexstfoni typipalésf eswisliy an apticaly dedtr caztteohsu’ns&plh@lr acsurface

pressu e Pl asma pal yr tion in the w
mo gﬁ‘a %{:ga tathg @H‘Egﬂgﬂ%i}yf ar'gs 8&%%‘%“?}9%? 3%3051» Coatmg
havi %519?%%5%% ﬁIeJtYeaEteﬁ)u‘b%I%eﬁtn mdtk ]%Qfe'r A hleds 88 percent, and
ed su The

strédte or a surface nodi strate.
motstemafefamy atcladst Y8 gleeaent andsa e drahvercdipreftiablyesd prebter &han 10

filmcoatipg having an optjcal clarjty of at east 70
Perpf CRRTe PrRbFD! w@f%?aéww DTl angmp Peelieb Yg}}?&] greater than 1

percent. Optical clarity is the ratio of transmitted-unscattered light to the sum of

transmitted-unscattered and transmitted-scattered light (<2.5°). Haze is the ratio of
transmitted-scattered light (>2.5°) to total transmitted light. (See, for example, ASTM D
1003-97). The film coating can be, for example, a surface modified coating such as an
adhesion promoter or an antifog coating; an optical coating such as a reflective or
antireflective coating; a transmission enhancement coating; an abrasion resistant coating; or

a gas barrier coating for packaging.
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nost preferably at |east 98 percent and a haze val ue
of preferably not greater than percent, nore
wpe@besekd y not greater than 2 percent, and noBECT/US2004/029442
preferably not greater than 1 percent. Optical clarity
i s {Thesutstrae wsed i tha préseutaavantion at na@dieitdd. JFxantpdestdfeubstrates

. Su f transm tted-unscattere n . ) .

incfite i DAL Suai i BT TG, LR TBjios. acuding npharcygg plgsties such
- i

a5 {1y I AR MR AR AR ot SOprép ) p St polyogbpnates,

polybeert itdndinapolyethglane tregphtialate yoiyphatic aaidsandfptgbutylene

ter A6, g ARTRGPIaH DIRCTEaP o ONTGHTS DIAaeE fpose d&aribed in U.S.
pa@ﬁ{]ﬁlﬁﬁ‘i{;w&l ﬁoz@@ﬁég%@f' ective coating; a transm ssion
en

ancenent coating; an abrasion resistant coating; or
a gas barrier coating for packaging. -5-The substrate
usedig. b prdvadgransiingtrationeifit ipoeferral apphratusiseé dh cdrxampdbes

DBl TS el e RSP O L Re R B Gy BIE 5| §BE4 Biorthoslicat
(G RrBRORAENR! 0L U 06 BALY SLBMICANRAE) o

propyl ene, polystyrenes, polycarbonates,
tetpalkylesthesiBcataandichrried pph yatiey basn(@2) feoraphd heddapaee and merged with
ol ylactjc acid_and polybzh§lene terepht hal ate, and

balg%‘@r% plalde the holloar dectends dHY)- pbe/siERE gembl Uana dhe bange gas (14)
dri%,eﬁl% rtétpagg(gid}thgsﬁca@ ?i Erolagﬁ #ﬁegé?%dr‘ug gﬁ@ %%gﬁ%@gculfﬂ}q through at

provi an 1llustration~o ratus

leastomd imlat @8y ofdleagraaiet(16), pucthesughpenfotatiods (0)t wisich aedgpically in

i nvention. Referring nowto Fi gl 1, ] i
theifapp ghslky PHRQIRHES the Eapsebeten 3 Rudiheptaopduetisplemts. Power is

: i
o 95 BN B0aB (RO BIBR B Bidchfig (§ einickie Bt i (16) and
the(cdBtefelaaiotid @ N eahish éce cdindriod rgkbd paefelabbafidsicweityasielectric
to the hgllow el ectrode (16). The carrier

14
sle%x@i%@a nehbsikate @)dﬁg@sg%gor{nﬂ?uséy %ngg theglielectric sle%\?éc’ (26) and
oo SRRSO A Ll AR 1805005 oz

sildxkBy. of el ectrode (16), and through perforations (20),
which are typically in the formof slits or holes or

LGRS DS B R LSS AR LSTETLS an i
osBt S PoyRAPDRIERD DR G st

positicefed oabl the tlettredt (M6).h a di el ectric sl eeve (26).
Substrate (28) is passed continuously along the

N ECERER R AT W
whith&bemaht Yorth SQJa¥ATRE b &stantially parallel, substantially evenly spaced slits
that extend approximately the length of the electrode. The width of the slits is preferably
not less than 0.1 mm, more preferably not less than 0.2 mm, and most preferably not less
than 0.5 mm; and preferably not more than 10 mm, more preferably not more than 5 mm,

and most preferably not more than 2 mm.

Fig. 4 is an illustration of another preferred geometry and spacing of the electrode

perforations (20), which are in the form of substantially circular foramina. If this geometry
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siloxane. Fig. 2 is a side viewillustration of
el ectrode (16), counterelectrode (24), and gl ow
waele@shenge region (22). Wiere the substrate i SPCT/US2004/029442
conductive, the dielectric |ayer (26) can be
is peditd pranict thy erethdds)féh@pmm envetn, the @amete'r sf te outlets is
il tra on of referred_enhodi nent  of th
prefrably E%@.ﬂ? SR P B BB er% Bh! 5GP 0Ly ghdingpt preferably
PRESAE0 2HhmS RREFA h¥t @ﬂﬁl%io%ﬂﬁ’%@ﬂ% &elably not great
noeve@tjlhy spg%lgdy&ﬁsts thgt e end appr oxi mat el r tte y niot greatet
thalnehgtrhamdlniobteprefeﬁdﬂyn@tegreémethm tihmof the sl | ts is
preferably not |ess than O 1 mm m)re preferably not

I es% an Q0.2 and ef er not |ess than
HTE» péﬁ@d%sragggpgfﬁt&pn ENGEPLDIE gﬁ ﬁp,}i)arﬁtﬂ? ysed in carrying out a
pr&éﬁéﬁﬁﬁtﬂh& BF%{% %Iert 150&{110% rﬁﬁg nBR%6 R, 8f %%Qk%loﬂﬁ&sﬂwate

nor e I's an | tration of anot
(1Qb) &f @nembdg?e@ﬂeher lgeadsphcs pfe casrgaméd véletilellemid @Oeb) of the

te er f %"flﬁgftgf laf? F%T}F%i?’g 26?%% é% hlg) %ﬁ%@%ﬁ@é@%w and merged
\7&/’1’611(%3a'laﬁ‘lcéJ gfsd(lh@ BRCHIIRSy LR %‘Eﬁte(ﬁl g@t 0fnd Bfriby ?A%? géllng the balance

I'nvent| I amet er o lets 1s pre
gasn(dt4b) m thél wmamk@bmlllme €1 (i) éirengtbihy cleotrodedsby, Imaﬁe
pr ef er abl | ess than

pal@mélfarsl%ébwgh 8t le@frt@a? plet ¢ 5%) %e%ﬁ%(]&béf@fiélﬁpygh] Berforatlons

f
(Z(ﬁﬁ e\%l?ﬁ afeqwcaﬁl)}ﬂqg]ﬂé?gb\%n@hgsﬁ{rl Fersg)tp Irt%et g gt?)%an o:phurahty of
corr,ﬂrueﬁeelr éleﬂeﬁpp Rowttis apsk tortheelectydded16b)tto araateet gibvatischarge
present invention. Referring nowto Fig

(2@ btﬂé‘te?%ﬁ}e@?%o@ﬁ 6Kt) padthe cornisielieirode bkt weich Fsd?lﬁ”ﬂ%aﬁén shape
SRS A4S 0E8 LSt BRIy o

the(diélbotné cover {(26b) hed dsgrad evithpdasier gegnaidihe kahskglertyadlicate,
(14b) to the hollow el ectrode (16b). The carrier gas
whichoip prefgrably Repobanaived sf@sneaab) drive the
tetraal kylorthosilicate (10b) through the el ectrode

( 16 Eig 6??5 dQ Hdw ﬁﬂ%ﬂtgﬁ ofteﬁ%%ﬁg gl%% re%?roh@ gﬁﬁ)), and glow

ectrode oration
d1s(:]2aﬁ)gs) regitni (th)a Néhéry& phecaibkiyate s ¢dmdu<ftmemhefdleﬂéatns caver (26b) can be

hol es or the & (b ween a plurality of conductive
Posé‘il@ff?éri’t@rthpﬁﬁéfro s 1§f3bl ied to the electrode (16b) to
create a gl ow di scharge (22b) between the el ectrode

(LBt Ao B o ey by Bt i,
cor{tRfb)s SiQyHdrcabeng @8bis esentialbspavdatderou sulsdtantiallp pgwder-free can
be rapidly deposited continuously on a substrate using the process of the present invention.
Indeed, a 10-fold increase of deposition rate has been achieved by significantly increasing
the concentration of the tetraalkylorthosilicate and significantly decreasing the flow velocity
of the total gas mixture through the perforations of the electrode. Furthermore, the process
parameters can be adjusted to form a substrate with surface modification to create, for

example, adhesion promotion and antifog properties.

The following examples are for illustrative purposes and are not intended to limit the

invention in any way.
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the dielectric cover (26b) and coated with plasma
pol yneri zing tetraal kylorthosilicate, which is
wpe@beserd y a pol ynerized siloxane. Fig. 6 i s BCHUS®04/029442
view illustration of electrode (16b), counterel ectrode
EXAMFYE land gl ow di scharge region (22b). Were the
substrate is conductive, the dielectric cover (26b)

o i B S B LSl e 1.
colimBOd1bdtRide an@?&w&adubﬁlymﬁﬁé‘d at FORE) BOHStame@filohl Obrotec Industries,

coating that 1s essentially powder-free or
Famuinpgtoan€Tall 12’ Pong a6’ fwide x4 rhlgieelﬁcamdd lis/dedégmed iwithoh single inlet

con |nu S a su trat u5|n t he process
o A TP TRASHETHSHS T B8 B3 eer Rgrog o kgl Gpminuim electrodes,
dep03|t|on rate has been achieved by significantly

| NCITed$htiratcs p6BLBPhAtE FilRRvilf a thikness of 7 mil (0.18 mm).
tetraalkylorth05|llcate and significantly decreasing

Tetrh@htf'lbﬁh@swleia@c('fi‘fg@?dfls hmed t@t 1d0° Gagdns saredin itrogeghattane

cofebiahe ofal ongret o AT B oy LR RES Bniy B e, Thg adjusted

flowi fatt GYUkd BEOSTPS d g&ﬁ{ éﬁ?ﬂh& ﬂoﬁfﬁﬁtcﬁ’théc Blark¥ %%pises scfm
adhesi on pronotion and antifog properties.

(142600 swinngind Xzngsineenteationfo THAS brstd an thegopl gposbgurnsicalculated

t ded I t th ent i on
to 86 55toet e e vl 40 Becliete Beplegfaod s, Afer
1 sSédtorak c%itio‘h e tHe! rb‘ﬁflfaﬁ{ &Atih@nid fhe cheﬁm@ry%@ lSﬂt)f I The resultant
el ectrode and power supply (fiXxed at z

coadprd flnm sltbWsrronelConpoess] wetthbglity icempared Mrl’lhngtcoatﬁd ﬁTm Ahe deposition
h electrode.i s designed /
““ﬁffﬂwﬁogf néh?ﬁﬁ@?aﬁd?ggﬁﬁﬁn¥nﬁﬁﬁmgfnﬁ@??orat|ons in
t he gaps between the ceram c covered al um num
el ectrodes. The substrate is polycarbonate filmwith a
EXAMEKREss of 7 mil (0.18 m). Tetraethylorthosilicate
(TE IS he C. and carri n nltro
ORISR0 SOV PLE pistBate R Pec i o RaREHTEROR Hd 100 ppm.
Th@ aép'iﬁﬁf%ngﬁté of M BBt S o te: suﬂ’r?at@g] luiﬁic?&nétle rn‘gﬁlﬁte(’f
he TEOCS is 510 seemand the flow rate of e bal ance
gas is 5 scfm (142000 seem and t he concentratlon of
Xé&&ggg sed on the total gas mxture is calculated to
ppm The overall gas velocity to the substrate
i s ¢at CaHiAL 8pbParB8 ulng T Webup @Eﬁs@intﬁlli@%@?ﬁ%cpﬁl Example 1. The

deposition tine the reSultant” coatlng
substretriisa 18gsm Bilypropylbee naswdversheet. TEOS is heated to 110 C and is

carried in nitrogen at a concentration of 17 percent v/v and mixed with the balance gas,

which is air. The adjusted flow rate of the TEOS is 850 sccm and the flow rate of the
balance gas is 5 scfim (142000 sccm) and the concentration of TEOS based on the total gas
mixture is calculated to be 5780 ppm. The polypropylene nonwoven sheet is run through
the system at speeds ranging from 3 to 80 m/min. The surface energy is found to be 35

dynes/cm for the uncoated substrate and 72 dynes/cm for the coated substrate.
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coated filmshows nuch inproved wettability conpared

Wi th uncoated film The deposition rate of the coating
woeoshe2stibstrate is .8 mcroneters per n nut ePCEXSNPLEI442

2 The process of EXAMPLE 1 is repeated using a TECS
EXAviPeEBt4 ati on of 2100 ppm The deposition rate of the

S ABE Bogmerin prpReR G DE S stag”?aﬁrg efiaivedya Hgnple 1. The
subsBstianti gl kﬁrcﬂ&%&rtécpg&i rtgreﬁé %ééé&&% £14 ) & and is
an é gsm polypr op K woven s eet I'S heat

cartied th A ges atQﬂrdhbﬁdraltmn wif 1 7 pgebntat/v and mﬂxmlmlit]athedmlambe gas,
percent v/v and m xed with the bal ance V\,hl ch

Whrqh la eir. Theedagied dloadrata hihe AEOSIE 42heccnt atgeithe
baﬁﬂc% n%alg % § (1%6‘0(%%{112‘%% ﬁ{eaciﬂﬁr?%@ﬁgﬁ SEPE g)ﬁfﬂt%édlcé&g@%%tal gas

oncentr

mlgtaﬁe 1mcxlbura%dl t6 be abguppine d hb@rf@ﬁte&@@s@lﬁme tHiefilm is coated for 10-
ypropyl ene nonwoven sheet is run through t he system

secgrld% pEsdesylianbpaatedr lonsipvied rechvippreyed pRE-Tog pr%t@étles compared to
theﬁ,ﬁrbr z?cgd h%n E’P 35 geseﬁa %%ogf%é Ié’lcil% g%ﬁrf&%%g%%&o%fo% than 50

e and yne he™ coate
dyne8/cm(AMPLE 4 The coating is prepared usi ng the set-up
substantially described in Exanple . The substrate is
a7 ml thick oriented polystyrene thin film TEGCS is

o O Cand is carried in nitrogen at a
E}@\gﬁggﬁ

ntration of 17 percent v/v and nixed with the

bal IRE LoBS,is g@p@fed uSingithe seTJih sabltatfitalg dbdcpibed af Bxahple 1. The
the TECS is 425 seemand the flow rate of the bal ance

subgtateiisa Themiaphastie Spperabspslar Palyencr KES 4 Bheaswirpded ﬁlﬁn gfroduced by

ased en t he \t ot.al cal
e AT EOrpa) P SR Ao bl 0 RS ol et
coripened brRhd of @ﬂwﬂﬂﬁglagﬂftﬁp&?ﬁl& g supeRbestbét Ipmﬁmwsgemﬁcauy

much inproved anti-fog properties conpared to the

thegherowplagtie poliimet isran ctipjdenceand) acaic aé@lmelmer,rhawm 8awelght
N M e T Lt
e Rr o ast e Subor bedrbant Fol yntr ( FaAP) coui uied
suplerabgerppitaplizesss pyn be used as described WO 02/07791 A2 and US 20020039869.
The compounded blend is pelletized and the pellets are then fabricated as a monolayer or
coextruded film using standard blown and cast film extursion processes.
Tetraethylorthosilicate (TEOS) is heated to 110 C and is carried in nitrogen at a
concentration of 17 percent v/v and mixed with the balance gas, which is air. The adjusted
flow rate of the TEOS is 510 sccm and the flow rate of the balance gas is 5 scfm (142000
sccm) and the concentration of TEOS based on the total gas mixture is calculated to be 3530
ppm. After 1 second of deposition time the resultant coating had the chemistry of SiOx.

The resultant TSAP coated film shows much improved wetability compared with uncoated

TSAP film.
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the Dow Chem cal Conpany) with a thickness of 4 ml
(0.10 nm. TSAP is a nelt conpounded bl end of a
wao bh@soepkast i ¢ pol yner and a superabsorbent poP@IES2004/029442
Specifically the thernoplastic polymer is an ethyl ene
EXMdPBEre/l i ¢ aci d copol yner, having a MEIght per cent

aci g, from9 percent, to Zg ercen and t
sup Pﬁﬁg%t}%elﬁﬂ’rf‘é’8¥%¢ﬁi§lnglt RS sdtarrtyﬂlar@sfqrﬁneii jpfxample 1. The

suws&et%% h?%l;&dp?%éfﬂ?f%%ﬁi% B 115 ine bR AL g(ga usegﬁg&sﬁn of an

pol ymer super absor bent pol yners “can
ethg*@e/ﬂ Fdptche\WOp O RY RtlerAled dma cbi&eﬂﬁ@ﬂﬂ 0386 Dowl Réth a frothing
npounded bl end i s pelletized and the pellets are

Surf%éaﬁlt fag A1 agicols sRlUBOTH 8| fagd&xyakyb%&@qse geher.f Aftgs the initial blend
is I%}I()) ces ?@?Q gﬁﬁ-??gde g hos | thfﬂ dyﬂt%ﬁar? gypﬁ atne &mt"Sr

(KﬁclﬁnﬁﬁtﬂPtcﬁ"e%ﬂjhﬁl md(er MddileI KSMBOPWHPﬂﬁ&Dﬁ'ﬁHWvﬂ}é @RipOfThe mixer
percent v/v _and nixed with the bal ance gas, which
Spqeé iginereasaddeliermlon te Bigh|oyer ¢ mr@dcﬁf APk yi Btosiiominaganuntil a

t I S is scf,m 000
sl Bl AT RO A B e dod B ARShibB ok eing e ffptlibaper cup
fillg@sithifsird had iwhiahe ié;' sedppedd bcetBe AosiedRIRARItyA fla®prokimately 80 to 90
second of deposition tinme the resultant coating had

g/Ltip seachedyi ‘Bl frothris sprepd omyedeasepaner aynportshby e stiffedipdpiet sheet and is

s SF i ileb R 2 e e PR et A8 e gt crvine
texﬁﬂwat@@tofupoﬁwbsdegru ifgd dbputl eeMined THe et doHh Sheet (U0 in. thick) is
substrate is I}émer foam prepared in the follow ng

recmmfed A ﬂqlsﬂé@lu p@r@vm sofallaaellsizey rans@nifren tabo 30 to 200

Ll
i RO B ek R RR kPt e S AE B el B aDi Rop microns o
theamléﬂ)ﬁﬁﬂ‘@)@i@fakyl cellul ose ether. After the initial
bl end | s prepared, air is entrained by nechani cal

fr oifbﬁratﬁ@hsd@ﬁth@ﬂasa% @lQS)tl%Ap@teﬁtta Ad0 & sstis (:mlrtedh@nmogen ata

n P itte
congp TR Tl pdr A b e TP b he b ol B e adiusted
floRw¥ge o8 IRETEOY 1@£1m@:@ﬁa%urmé 26 rate of theCbaldndb b&SisWcih (842000
stiff froth is formed. Density of the froth'is

scepp asd, t@opomenmhgh OhFEQSDaged o &8 toth) gasapieture iscalquldtedito be 3530

W t am and |ssto ed on he.desire .
o diet § SRR e eyt BRRGh: GPET b ukShunthypgsiox.
Thd FeBiilbank SoHEd ﬁfaﬁh Hows eingaﬁz@d I@éﬂ@i@ﬁl WIRRR 8 mPHvRd wicking

stiffer paper sheet and is snoothed to a hei ght of

unifpro@yicampited witlownreopted poboeed fpam.a Bl ue M forced air
oven at drying

-
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tenperature of about 75 deg C. for about mnutes. The
dry foam sheet (0.04 in. thick) is recovered and

wQ 2@baig92akir abl e f oam having small cell sizes reeURL04/029442

fromabout 30 to 200 m crons on the outer surfaces and

WHATGSICIRIMEBiIZe rangi ng from about 250 to 800 m crons

1.

on the i nner j ar. sur]g;} Tetraet hyl ort haosi |i cate
( TEOGrosess ke, AeBOsIting p il SARTINEOCRE £ ofl U gehbsiate,
7 AY
26"(3%522&%%22&% hQ %te]?s ofP ?ﬁ)cc‘?%m\é lﬁggh ?1]%% \}fo\”? g«%lgé&h?etween an

t heelttitdld eﬁldfaldbuﬁmm‘mde teﬁnd (b) ﬂuwrr@taemeftuﬁemenipahlag @aéalance
gas is 5 scfm (142000 seen) and the concentration of
TE(BC"%a§@€ﬁa3iﬁ’1qfﬂ@sﬂ16@fﬁIan@é@tlﬁil%l%?éaﬁf%ef e Puthet ed to

r os u‘%gglrl](?%go 8?115&5 ﬁlﬁ‘o&@ﬁtﬂ@ glﬁ)g&r dlg%&;ggé 411% P}%hthp 9101111ty of at

r eslhitaii saﬁaéee@f shidlasibsthans: o iy Owledity of frbmadbows @85 Ags to about
and i nproved wi cking uniformty conpared wi th uncoated

pol § @B, the Q‘Pﬁcenﬁfylwq;f'rhq tstr@_lk;yl&ﬁb)ql cate 1npth9 nis@Eebeipg in the
deposi ti a filmco
supaneapERofybp e A 4p26, IR R AGTE cfgoe on

a ghRwuBitegdharge in a region betmeen an el ectrode and
a counterel ectrode; and (b) flowng a m xture
corr}%rl sing a balance gas, a tetraal kylorthosilicate
d, h@,p{chﬁ;a}ﬂ@amal @é]pyeprémegg‘gtrp@er isgeerforated electrode comprising

?eté orlétXJms thﬂ:? ah& ﬁ{eqnl&?[rg ?ggbélgxt? eg%agvéfng L SGRAT or%%hcate

ont face

sali ﬁincs lcbpﬁblﬁaﬂly?a a&mar gelsdw the haﬁaJangflcqfhofsﬂmmeabﬂum@t}ﬁ)@gh the
ms to about 5 m's, the concentration of the

t et PEEATREORSY t hosi | i cate in the mixture being in the
range of fromnore than 2000 ppmto about 10000 ppmto

f or @@PIOC%‘[{Q V%%%IBMQ vl V&%Esr RBntifuoy, glaﬁd ﬂfe&%ﬁﬁt%relectrode

erelntheeec elsaper orate

eI eqippofte a@aoviig sibsgatper f orati ons threinto and the
m xture of a balance gas and a tetraal kylorthosilicate
and, optionally,. a carrier gas fo t he . . . .
t et TRRPIOFPSTA{IEN § Sherem Gerpiiigh %ﬁpgwwﬁr@d with a dielectric
per&ggﬁglons . The process of Claim2 wherein the
process i s continuous and the counterel ectrode
supports a novi ng substrate.
The process of Claim 2 wherein the tetralkylorthosilicate is tetraethylorthosilicate.

The process of Claim 2 wherein the balance gas is air, oxygen, nitrogen, helium,

argon, or a combination thereof.

The process of Claim 5 wherein the pressure of the glow discharge region is.
maintained at about atmospheric pressure and the concentration of the

tetraethylorthosilicate is more than 3500 ppm.

The process of Claim 7 wherein the flow velocity of the balance gas, the
tetracthylorthosilicate, and the carrier gas through the perforations is in the range of

from about 0.1 m/s to about 2 m/s.

-11-



4. The process of Caim3 wherein the counterel ectrode
is covered with a dielectric sleeve. 5. The process of
w@@smR2svherein the tetral kyl orthosilicate i SPCT/US2004/029442
tetraethylorthosilicate. 6. The process of Claim?2
9. wheflae [prctdas dzfaE]aim & vgesein meadoating)hgs@mptichlt dadgnf at least 98

hel i um ar or a cqQnbi nati o ger eof. 7. The
pr ogsENiHn @llﬁ‘izﬁvéluﬁ/ﬁ o gheaife %H’ BeGPRY- of the gl ow
di scharge region i . maintained at about atnospheric

10Pr egHE %)Eoc@&doft @l@mlq PRARMIL flel &H(atﬂl% & as%lga r film cogtin%_h o

tetrae ['orthosilicate is nore tha ppm
process of Caim7 wherein the flow velocity of the
11bal dhepr@gass oftClein & twheedihtHedTlrhamiihg bag & surfaed ehdrey of more than
carrier gas through the perforations is in the range
of fsbgﬁﬁlﬁ%é%rt 0.1 ms to about 2 m's. -11-9. The
process of Claim 7 wherein the coating has an opti cal
clarity of at |east 98 percent and a haze val ue of not
greater than 2 percent. 10. The process of Caiml
wherein the filmcoating is a clear filmcoating.
The process of Caiml1l wherein the filmcoating has a
surface energy of nore than 50 dynes/cm -12-
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