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FIELD 5 This invention relates to plastic containers, such as beverage
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That drawback is that all plastic containers are more or less permeable to

water, oxygen, carbon dioxide, and other gases and vapors. In a number of
applications, the permeation rates of affordable plastics are great enough to

20  significantly limit the shelf-life of the contained food or beverage, or prevent
the use of plastic containers altogether.

It is known that a container structure that combines the best features
of plastic containers and more traditional containers could be obtained by
applying a glass-like or metal-like layer to a plastic container, and metallized

25  plastic containers. For example, metallized potato chip bags have been
commercially available for some time. However, in applications where the
clarity of the package is of significant importance, metallized coatings are not
acceptable. Obtaining durable glass-like coatings on plastic containers
without changing the appearance of the container has proven to be much

30  more difficult.

A number of processes have been developed to apply glass-like
coatings onto plastic films, where the films subsequently are formed into
flexible plastic containers. However, relatively few processes have been

developed that allow the application of a glass-like coating onto a preformed,



relatively rigid plastic container such as the pol yethyl ene terephthal ate
(PET) bottles commonly used in the U S. for carbonated beverages, and
her et of orwoma/0ps2ezess has been devel oped to provide appl i eatmiwoz/ofe2a
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20  ratio, the rate of loss becomes greater as the size of the bottle is reduced.

Small containers are needed for many market applications, and this severely
limits the use of plastic bottles in such cases. Therefore, it is desirable to
have a container with improved carbonation retention properties.
For non-carbonated beverages, similar limitations apply due to

25  oxygen and/or water-vapor diffusion, again with increasing importance as the
bottle size is reduced. Diffusion means both ingress and egress (diffusion
and infusion) to and from the bottle or container. The degree of
impermeability (described herein as "gas barrier") to CO, diffusion and to the
diffusion of oxygen, water vapor, and other gases, grows in importance in

30  conditions of high ambient temperature. An outer coating with high gas
barrier can improve the quality of beverages packed in plastic bottles and
increase the shelf life of such bottles, making small bottles a more feasible
alternative, which presents many advantages in reduced distribution costs and

a more flexible marketing mix.



WO 02/ 088232 PCT/ US02/ 12624 1t is also desirable that plastic containers
such as PET bottles be recyclable. Known barrier enhanced coati ngs,
however, woe208%28n organic and relatively thick and ther eCansoras24

contam nate a recycled plastic product. O ganic coating materials
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Af f or dabi | i t y undpditable foncqnta@nérs secht dsdeverhge amsbodtortthimersoat i ng  nust add
m nimal or no incre .to the cost .of t.he whale ckage .and in fact, the
Cost "can be Tess.  ABuay B S0 of Gentkinga Bt B3 SHBATPrabMaSL be
capabl e of fl axidddot addieshifaciint RS tPthe bh€PackBie. PTIAS ROIL SRG WiRiltAE ners, the
coating preferably 25 should be able to biaxially stretch whenever the

pl astic subst regeiéngsisacag harsier that signi§eantly ipgregses thigishelf-hifk ofbewerepat i ng be
cont i nuous cover har i of t. Lher I igQn is
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coating. This pressure can rise to exceed 6 bar, 30 exerting considerable
forces on the "8¢jaiemyrplakly eliminatgssnyisenmenty] StressAracking. ARd(er p¥ides esi st
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20  produced article. Affordability implies in practice that the cost of the coating
must add minimal or no increase to the cost of the whole package and in fact,
the cost can be less.

A coating on the outside of plastic bottles must be capable of flexing.
When bottles are used for pressurized containers, the coating preferably

25  should be able to biaxially stretch whenever the plastic substrate stretches. It
also is preferable that the coating be continuous over the majority of the
container surface. Adhesion is particularly important in the case of
carbonated beverages, since CO, within the bottle exerts some or all of its in-
bottle pressure on the coating. This pressure can rise to exceed 6 bar,

30  exerting considerable forces on the coating/plastic interface. The coating
must also resist scuffing, normal handling, weathering (e.g., exposure to rain,
sun, and temperature fluctuations), and the coating must maintain its gas

barrier throughout the bottle's useful life.



WO 02/ 088232 PCT/ US02/ 12624 There are several plasnma-enhanced processes
whi ch apply an external, inorganic coating to a range of articles, which in
sonme casewoO a2nss2azies bottles. Many of the processes are tacgatseziiiee4 provi de
coating properties which are quite different, and far | ess onerous than

hi gh gas barrier 5 bottle coati ngs Such processes target, for exanple,
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stretch, and the article itself 10 hi priced t plastic bottles so
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the coating coherethe ca}qtmg@hetmtmw is notc majekfabtdr,l sigce theeaptigicar hi gh gas

barrier coatin 0 the rQvi solution. to. the 5 ot probl ens
nasoc at eq i P Ot mircoshaipy pfRGss g Brbbishf e siSnd Fu&hb o8 205
1, which addr esresion popbiicead mmﬁms@nﬁvespaxrédaan&li@;bref&nmdescrl bes an
electrlc arc process for the plasma-enhanced_ deposition of .inorganic

coatings ont orelepOAsh the subsieate decs notHepepr sirgtahyand the artigle Yeslfiage el ectric
| 04 de b
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pl asma- ener gi aade bases, ke mbehrgyabéws faehzghercc@mg tempeoatercs &mutthose gases can

be added to th I dense, wel |l -adheri coatn eposition is
obtai ned due. AloRedRYBETf FosCiopion Bt one B S wRaT G 1 ol es i n
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gl ass-1ike 25 barri’er coatings. Plastic containers 1n sone applications,

however, nust negdedl $ordngh g@r@amdncgatm@almﬂesh@yfprhmd hisalytiahtsdeand/ or

diti | t h trat Hi gh
Ry S I T e T
di stribution, and PCTtW® 984633, whichritRssed thed0rdgbmgalcaibi¢aciss amic| ude (i)

t he use of enpt% bottl e storaqe silos and of bottle sorting/erection
devi ces after Pf é%sgpqcaées BYHTIF) ARG PTRGEES @Ffl@dila%fa'elg’@ﬁﬁfidnuously r ubbi ng

the bottles ag d%ﬁfo g%rﬁke a@ﬁgs e 1 g,?gsggtg%kfgga@o&g&%ac of ten

severely scratching t use war ners t t spray
bottles with hot vmbet@relecmctqretstgengateldé)esmeha@eoted chthbddamd gh aoddi t i ons and
to 20  the anode being a crucible holding the coating solids, which are evaporated
and plasma-energized by the energy of the arc. One or more reactive gases
can be added to the plasma. A dense, well-adhering coating deposition is
obtained due to a relatively large proportion of high-energy particles in the
plasma. The method yields plastic containers having external glass-like
25  barrier coatings.
Plastic containers in some applications, however, must withstand very
high measures of handling abuse and/or conditions resulting in high
expansion of the plastic substrate. High measures of handling abuse can
occur in bottling plants, during distribution, and in the market. Examples of
30 these abuses include (i) the use of empty bottle storage-silos and of bottle
sorting/erection devices after these silos, which have the effect of
continuously rubbing the bottles against each other and against metal contact

parts, often severely scratching them; (i1) the use of bottle warmers that spray

bottles with hot water, subjecting the surface to hot humid conditions and to

4



4 WD 02/088232 PCT/ US02/ 12624 the chem cal effects of any water additives,
such as de-scaling agents; (iii) the use of bottling |lines designed to
handl e glwe208828Ai ners (not designed for the dedicated ramdisozrgpees PET
containers), which lines generally are less gentle in handling plastic

containers; and (iv) the distribution of containers 5 over |ong distances
in hot, dustyt migad pfecty efsamytwatey additivrs el arcdegpkipgagentse(itib

cont ai ner-to- i C i o1 1 I i o high
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the res
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features). Conditions of handling abuses and/ or cont ai ner expansi on,

as given in dhetetsntainastogphtaimer eantact ardiatirasien ceelitiensdeadingty danage,

which will result jn significant | in barri.er. ..These.abuses and
condi tions caﬁlg%’écop{ea it %’a&s)lgpiaﬁegus gﬁs\;glﬁg%génﬁ#%%og%;%%@bﬁ? se described in
PCT WO 98/ 40%mperatuferaidhuingddiey pinticalady gnihe icaserdf higspcaboled i er at the

poi nt-of -sale of sone markets. A nore robust coating would be advant ageous
in some appl Pewragssduetp theshigh ayternglnressire of captaingss hapdling gi¢Bnt i nventi on
to provi deybagrd PLiast Lehe QM REES . &9atiing net hods

t her ef or,?(t) hapé?%%%ﬁé)éq?%glgﬁ%l%arﬂer gue toglgtblrlralza{lao%ééan ot her handl i ng
abuse and due deoratorededtines éduelte it wepkeninp iofjtheexpanet walldy spttast i ¢

substrate. It .is another..object qf. the present .invention to provide an
outer coati néea?‘HF‘Sa C@Bﬂlﬁl&ﬁ%@f‘?ﬂ@[&%55&?@%“14205@1%‘15%@?%%% % & bot t I e,
whi ch has 25 ighgh @RRAbbRSE:ahMIEEcdndebibast&Bive REatHgRimagandhitng abuse and
to conditions | eading to high expansion of plastic substrate. It is a

further objectilbfesplidn pigaidiepnt losse heirieh These abysessndieondsipnsags for pl astic

cont ai ner $¢ hayj i.n [ 1 Q. vided by the
met hods dzﬁscr;{%(@l%eicﬂgtk%?&g%n%ﬁ%ﬁ%ﬁ%ﬁgﬁ@‘??g&?&& %ﬁ%g\wobj ect of the
present i nvenvg@os3 binurdstitoaveid agidnifignt BEclofbasyatae thegpvintrofishledff or coati ng
whi ch can provide an external glass-like coating that js flexible, durable
and possess s8PPE BIAEFALS: A HIOSE EPUBFORfingG WoRld be adKantagepRENSoBT f| exi ng,
stretching, d%ﬁ;licﬁﬂons@nd abrasion of the container,

It is therefore an object of the present invention to provide barrier

20  coated plastic containers, and coating methods therefor, that reduce loss in
barrier due to abrasion and other handling abuse and due to conditions
leading to high expansion of plastic substrate.

It is another object of the present invention to provide an outer
coating for a container, such as a heat sensitive plastic bottle, which has

25  increased resistance to abrasion and other handling abuse and to conditions
leading to high expansion of plastic substrate.

It is a further object of the present invention is to provide coatings for
plastic containers having increased barrier as compared to that provided by
the methods described in PCT WO 98/40531.

30 It is yet another object of the present invention to provide a coating
and a system and method for coating which can provide an external glass-like
coating that is flexible, durable and possess sufficient adhesion to withstand
the effects of flexing, stretching, denting, and abrasion of the container,

without significant loss of enhanced barrier properties.

5



wi t hout significant |oss of enhanced barrier properties. 5 W 02/088232
PCT/ US02/ 12624 SUMVARY OF THE | NVENTI ON Systens are provided for naking a
coat ed plwetnzossent ai ner possessing a gas barrier and hawcmgserimeced
resistance to loss in barrier due to handling abuses expansion of walls of

t he container. The system 5 conprises ?ﬁi a vacuum cel | capabl e of
mai nt ai ni ng a vacuum wi t hi @uMg})ARXchE BINVENIIQN | east one coating

sour ce di sposed infgg,ggm %%Lﬂfmiﬁgdtorir%ﬁcingséj&gke;é:ﬂg%ggc\f}mﬂt? 'epg vapor to an

external surface o plast’i ¢ container = posl I'n the vacuum cel |,
wher ei n t he cepassessingogasdardanpd hswdsg athaneadapsistahar toflogs ihdatrienduand
evaporating an j noi*. an{)c coatin teria such. as f}fo? metal or silicon, to
formthe coat it%baw g%ﬁ,usaﬁaxpén BASWALT Ole PRy HifesYSteat i ng vapor to
form a pl agmagcompHsdsGd) HRvufifeen chibleSsRAMiaREn®N acunWtRin thE OCESS gases
into an interior space of the vacuumcell, nornmally into the area of

pl asma- gener avaaum gell; (Ba leasirmne ghatingsopragskisposagbindhe vacunmagldon cont ai ni ng
gas, preferabl 1 ow mol ecul ar. wei ght _or i.cgas..such as 15 acetyl ene,
et hyl ene, or 8%9?3%85 A REMENZPPL aél(?gu&r%g%aqls'g&%re rozggé’zé%fu\?\nc?ﬂ?lﬁe]i he vacuum cel |

such that theppiifsied wigds tife Wichiimat]L| veleséin diecoating bourps esesisegases and a
thin coating is deposited and bonded on the external surface of the
pl asti c cont aKOrateifoR hediing apg evaperaiing FRLNGTGH RRAtINg dRatetil syRh afhd

i nor gani Clomhfe&il%g icHE th Wﬁ@%&ﬁfﬁ%%h&@hmﬁﬁhﬁgns foPEn&¥BIR tRe 2
cl ear/transparent B I'nérgani ¢ oxi de.” The’conbl nation of “codti ng conponents
provi des good cgamg vapor todorma phsmahanddepigasdséds tfanspplyind @srimprbar ri er .

gae. ' var | ot PP B BURCTALPIELR b6 YBr bt omBORR: 2681 of | css”

transpar ent oxffRsmeahdraifon. ORAEAE ofd oft tha PRicbeakesGoathmes, and 25 col ored
coatings. The systemcan further include container feeders and conveyors

for transpor cpmigining gaspnrefepabiisa low-gwtrculanwieight axgenicteas \sieludim cel | and
through gpat 'a?ﬁl?ﬁéé%ﬁ%@nﬁg%gﬂ?#ﬁg ll'}s{%, !g&éf?i ggn#%é &ua?}éﬁé&f witfifflgp&ONt 1 nuous

manner. | n”ano ri'ses vacuumcel |l and at
30 | east one watuuncesl dudl titd tHeqhlasata rda&ss withadlcahione of eleqrocesd gdse{ a) a gas

feed for supplying one, or gore,process gases into an interjor space of the

vacuum cel | , 384 tippoafing igdepospierbandopded or Bisiexirgnal stirfecs Aittsposed in the

sane or plastic container, such that the thin coating comprises carbon and inorganic
material, the inorganic material being, for example, a clear/transparent
20  inorganic oxide. The combination of coating components provides good gas
barrier with enhanced resistance to loss in barrier.

Depending upon the selection of inorganic material and carbon-
containing gas, a variety of barrier coatings can be produced, including
colorless transparent oxide coatings; opaque or translucent coatings; and

25  colored coatings.

The system can further include container feeders and conveyors for
transporting multiple plastic containers into the vacuum cell and through
coating process, preferably in a continuous or semi-continuous manner.

In another embodiment, the system comprises a vacuum cell and at

30 least one main coating source as described above, along with (a) a gas feed
for supplying one or more process gases into an interior space of the vacuum
cell, and (b) at least one polymer coating source disposed in the same or
another vacuum cell, for adding one or more coatings of polymer onto the

plastic container positioned within the vacuum cell. The main coating source

6



anot her vacuumcell, for adding one or nore coatings of polyner onto the
pl astic contai ner positioned within the vacuumcell. The main coating
source 6 WD00RAsN8B232 PCT/ US02/ 12624 is arranged within tla/vsazieses cel |
such that the plasma reacts with at | east one of the process gases, which
optional |y includes a carbon-containing gas, and a thin coating is
deposi t ed andivasrrpaed withinthe ssquarmmesll such that heplaspiageaqss wigth jatleayint ai ner ,

such that the i i i Si NG | qani i . as an

i norgani c oxi égbf't%%gﬁie?sgga%gm%dg:gloié?g{1&?‘1@5%}/%%:1—%&3%8%%%r coating
sour cefcorrprl aﬁ@amﬁe?ﬁmlglaq)ofs&ﬁﬂamichm_ u ﬂecBOII[ane?axmﬂl@lﬁm:fa@dﬂtl& gas, and a
nmeans for energizing the polyperiz e gas to farma plasma .conprising
pol ymeri zabl eP a,sg%c?xg@p%rapgc}l tg%@i‘? S‘Hb‘foagﬂﬁc%l’ﬂ}ﬂ%g e mpiggal, ¢ adi cal s
deposit angd pgj rdn%ﬁox%%ﬁf:@&ﬁbah{ DRt PR HITRof B85 sRGn ARe blAGme} astic 10
contai ner. Exanples of the polynerizable gas include ol efin§, paraffins,
and m xt ur es codtingeofirce Epmypiisssa saeahdgae fsddempasimg@poflynerendblelgas,a second
variation of this syste t he I r coating.sQurce conprises a

nel t er - evapor &P Fn?e&%{s %oﬁg}é?rgﬁﬁlggﬁ?i%@g‘&}?ag{l?% tg(%?}gbgpfaﬁrﬁ& e pol yner to
forma pol ymecompasing golyrpi@ible e £ldidabs QRlahd ete PolpmegRdd frée to form a

thin polynmer coati n&pgn, the 15 plastic container. The vapori zabl e pol yner

i s one that caiepds dapapibpnbpelymenigrde fome atin pelymer ceatngantheplastifeconposi ng,
such as aqpol fin, . r; } xt t her eof .
Pol yet hyl éﬁe ixgﬁtgmgr'e )garn%ﬂg% élfgg% §(§‘rlgrngn?a(rﬂl)lleye t ﬁgﬁg@a(gfgﬁ B%agf}ﬁgt ﬂ%desyst em
the thin pol ymEktuessaheragf. Ethylbee andpobtykete as mefenpd.oht 3 seceondivadetionat , or
both, in relatign to the main inorganic 20 coating. The conbi ne}.tion of

i nor gani c coat"fﬁbs, SYRiefth Ut POV PASORTBR QBT R0 O MR 8P H‘egﬁrrﬁ)"&ﬁ@ﬁ{of %nd pol yrer
pre- and/ or pﬁééti‘rfg%lh eRafSOYA EReHzAAS polRAEF foSbria Ry 3DARE T esi stance

to loss in barrier. In a preferred enbodi ment, the Coated plastic
cont ai ner, wheaporcwhichiredonderfsesiandvdsipasitsso ddrmea tive nolyinsx pepéingealtkel i n t he

R G e L N T E N

barrier o i ng, ter severe

condi tions of yRaddiatngn abntiorethodidédofipaBing Ssuchas Hpdisoledin, araki ng coat ed
pl astic contai ners based on these systens are provided, along with the
coat ed pl asti @obssieap pelsabpeseor dadixtum thegrgb dPolyethilepe isagusfelisd packagi ng

systens. t her ef,gfalSth Afifer Do Bf iheRRER, HESR BT CHtink En BBAW NCS

applied as a topcoat, an undercoat, or both, in relation to the main inorganic

20  coating. The combination of inorganic coating, with or without optional
carbon component, and polymer pre- and/or post-coat provides good gas
barrier with enhanced resistance to loss in barrier.

In a preferred embodiment, the coated plastic container, when
containing four volumes of carbon dioxide sealed in the interior volume,

25  possesses a gas barrier of at least 1.25x the gas barrier of the plastic container
without the coating, even after severe conditions of handling abuse and
environments.

Methods for making coated plastic containers based on these systems
are provided, along with the coated plastic containers themselves. Packaged

30  beverages and packaging systems therefor also are provided.

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is a process schematic diagram illustrating the addition of a
carbon-containing process gas in an electric arc process to provide deposition

of a carbon-containing inorganic coating (referred to as a “main coating”).
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Figure 1 is a process schematic diagramillustrating the addition of a
carbon-contai ning process gas in an electric arc process to provide

deposi ti owo cefoss3zar bon- cont ai ni ng i norgani ¢ coati ng (ref @crdaot/neas a
"main coating”). 7 WD 02/088232 PCT/US02/12624 Figure 2 is a process
schematic diagramillustrating plasm energization of a gas streamfor
pre-treatment (i.eFighepds 2 proaesschematisdeageamilluspaling plesnappl i cation of the

mai n coati ng) -1 ¥ eat j g | £:1.0 " ter
deposition of eﬁ{%&%@lﬂgnﬂ&fc%%tsigﬁ%mi(f%rpgﬁ t%?@%?’ # fl’ce’ ge %fs%lro g@%%@%@ﬁ%ure 3is a
process schenptibctodippcaioniof kheshaiatcbaingd vapaost-ateamreno{i.cadepasitionef and
re-condensati on of tlh%rﬁolgmernd)g. to a container surface in order to

provi de an un@dPReg&LtallgF AeRosity Elb%‘?“?‘incfﬁatb‘?g)én ARFISCES AT MECSHr a t opcoat
after deposition OfjR&Biidh £98¢ssRehentaid diddrdn _ims?fam%)@&aﬁ&aﬁb@wf&h agram
illustrating a high speed high 10 volunme barrier coating systemwth an

optional pol ypelymeoand regcandersptioread the peipmer pIoRESCRITRT SOheEn PrEr | NVENTI ON
Met hods and s_¥stems have .bee d.evgolé) ed..f or co%tipo%ticont ai.ners, wherein the
a

coatings proviUROYES ARSI PrIOh SPifgR &f majrcoatfig,ord fapcoat, "o 0d gas

barrier, as wafbr @&positien aPi ARirdbatiegi st ance, stretchability and 15
flexibility necessary to wthstand severe handling abuses and expansi on of
wal | s of the cont aFifdire 4 fsaprosess floydiagmamy]lusteating abigh speed Bighnce to I oss in

barrier d t “g%qghl]'- gtmgs : j : iper walls,
which is l:Eltghi 3\% by %%& ti oﬁsgﬁ&gg{rlg h&fég t?."%?%%ft‘a gﬁljtisgétt e inorganic
process gases, whi ch DEEAPCEDRESCRIPFION QF AFIE ESVENTQMNat i ng; and/ or,
use of polynerizab r gani,c as, to.depgsit a,thin pol r. under coat

et ween tha cont ai Mrhaand ey REeeh iR lonsd e igalh griinethae o
pol yneri zabl e yafegafite BatndsPro8ROSddd Ahbdoito PRIFBESS theReRBie¥Rd the main
coating; and/or, use of polyner, which evaporates w thout deconposition

under the coatgpedgisrhaoaersaswuelliamthe Bbresinutresissanse, stigtchapilisy anda t hi n under coat
or a topcoat. sILh: hout th resent Lfhcation tal per. or bottle
g? fle 1%@&9 R%cea%ag%g \81 Senb se%)rg?xanr%gl;/ﬁgﬁllgg?,e’g ng%l %)g‘%m A%

will be escri contai nér 0 as a contai ner
body. Wil e thills of thetcantaiier.oody wi Il generally be described with reference

to a plastic bottle, any suitable container can be treated by the nethod
and system 30 of t 8¢ gpaingnexhipy spkansed repistapeiongisyn bagter dgg iohk bottl es of

various si Zesphapdling abuse and to the expansion of container walls, which is achieved by

addition of a carbon-containing gas to the inorganic process gases, which are

20  used for producing the main coating; and/or, use of polymerizable organic
gas to deposit a thin polymer undercoat between the container surface and the
main coating; and/or, use of polymerizable organic gas to deposit a thin
polymer topcoat over the main coating; and/or, use of polymer, which
evaporates without decomposition under the coating process vacuum

25  conditions, to deposit a thin undercoat or a topcoat.

Throughout the present specification, a container or bottle will be
described. An uncoated container may be referred to as a container body.
While this container body will generally be described with reference to a
plastic bottle, any suitable container can be treated by the method and system

30  of the present invention. Accordingly, soft drink bottles of various sizes,
other food containers or any other suitable container can be treated using the
methods and systems described herein.

As used herein, the term “barrier’ refers to the resistance to the

permeation of gases and vapors, unless explicitly indicated otherwise.
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ot her food containers or any other suitable container can be treated using
the nethods and systens described herein. As used herein, the term
"barrier"wpebes®r3to the resistance to the perneation of @avasoamd24/apors,
unl ess explicitly indicated otherwise. 8 WO 02/088232 PCT/ US02/ 12624 1.
Car bon- Cont ai ni ng Inorganl C. Coatl ng NEt hods and Systems A process has been
devel oped to In€arben4 ning, : i : yst¢éms coat i ngs
described in PCT /4 t t organi c coating
activates the sur }/\g\cér% ?SQ%%%bec%%al né&ﬂg ‘n‘%?‘grrgéu b%n @r edeé]r adi cal s,

t her eby enabl imgghé baticpetadagodesofibediin P@dawmgsmomu Clhelcatboaves its
barrier property. The carbon, content in ttgwﬁp% n| C coqati ng al so

i nproves the S8RtERidR thy mprganicsqptingactiyates r%e fRaqiRer b Ycoverage over
the substratey ﬁ&ihg%ﬁradwg tifedd §b1n@%&elsfdhteasnepﬁle fcb@iffy, into these
|rrperfect|ons tte an thé i norganic particles, thereby réducing 10 or
el imnating th\énczlrmrne‘msetsdvfanmr prdpeites Thercarhen memtmgthe(mmrgarpc ovi di ng

greater coati ng xi.bilit t.hus enabl | n oat i fl ex and expand
P eame  dogr S%NE TarmRB g BT ok BY 3 PRMER bishuces or

el im nates theoldsge oﬂeﬂtlﬁ%ﬁbétﬁlte sl fdce iriperfaRtiony, beceRsdthe @as Aewler severe
conditions; (iii) provides additional cross-linking within the inorganic
lattice to enmtﬁé]eesﬁ HEPSrfRCHERS be)t,tqula@fhetlﬁ@rg@r@apamglesathgrepyr;gdurslgauces
coating bip! L LeBRARihl MaRYabdRIGPRIMLILNS 1EOALRRLS plcvRIiAL BRGE: ! O

abr asi on, ng abuse, cont al ner expansi on: Re ‘Carpon contai ni ng
i norgani ¢ coatcbatg ﬂtmlﬂﬁyh&madﬂ%g@m @fatmg]mbﬂlemdrnxgmmmsamer wi t h hi gher
resi stance to barrier |oss. one enpbodi pent,. clear/trans nt silicon
di oxi de coat i 1§87 aﬁrhggb-‘rtr%m%lt e@aﬁ?lag\gﬁ S5uERs Q5 UERes W 195°

signi ficantly ;) pRtieVEsk BRbhiafiler XfARSioR ﬁﬂ@ér%eve?@%dﬁt%sa@ﬁl) fBvideonnent al
conditions. For exanple, such coatings can exhib i ncr €ased barrier even
after severe Iaédidbnaiqr@bd@klngmldllbdtetlmimgmpIletme to eohargé\ﬂ&fr@tegnw ronnment al

ondltlon 0 hi ot.tl e tem?25 In a
pr ef erred gﬂﬁecﬁf‘ttm% ﬁggﬁé) 88‘2636%1)&5% tg%netssngﬁerrﬁcfyhl g‘agg i bed in PCT
WO 98/ 40531. Aom%f@reﬁleﬁneenﬂ@%tmg h&idlih g abuseEindQdniatner eRemkioned wit h
reference to Figure 1. In Figure 1, containers 102 rotate and nove

conti nuously past JMe caben gontaiingsinegganic saatings havaihe egeantags#ti n a vacuum

g;’!si 5 mThe Coabh Mg M Barti O iuthfReiBLilGRLAB bENRP Wt B oy €vapor at or

embodiment, clear/transparent silicon dioxide coatings (“glass-like”

20  coatings) can be produced with significantly improved barrier under severe
handling and environmental conditions. For example, such coatings can
exhibit increased barrier even after severe handling abuse in a bottling plant,
or severe environmental conditions, leading to high bottle expansion.

The Coating System

25 In a preferred embodiment, the method builds upon the method
described in PCT WO 98/40531. A preferred embodiment of this method is
described with reference to Figure 1. In Figure 1, containers 102 rotate and
move continuously past one, or a series of, coating source(s) 104 in a vacuum
cell. The coating source 104 (also called an evaporator or evaporator system)

30 includes a crucible 106, which contains an inorganic coating substance 108.
The coating source 104 further includes a cathode 110 connected to the
negative terminal of a direct electric current (“DC”) source 112. The positive
terminal of DC source 112 is connected to crucible 106. Crucible 106 is

heated by an electric arc that is generated between cathode 110 and crucible
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30 includes a crucible 106, which contains an inorganic coating substance
108. The coating source 104 further includes a cathode 110 connected to
the negawbDwe/os®sm nal of a direct electric current ("DC'pcyasozecid?2. The
positive termnal of DC source 112 is connected to crucible 106. Crucible
106 is heated by an electric arc that is generated between cathode 110 and
cruci bl e 9 WD1068/ TB8eB2gyPafTthe/siBotric agomeltslipergamiseoatieg sppstenca H18, el ectric arc

melts inorgani ¢ coati.n ubst ance,108,, v 1.l zes. i n nerates a

o asma by energpIPRY T e URERRR ISR SHRREHLE 2 2he e R on o e

el ﬁCt r;c ar cf azhpaizaﬁan Eﬁcﬁé@&fﬂﬂéﬁleﬁﬁi’ctalrcyalw cadfblﬁd pryvidyd padyapivhbiat er s or
other formo eat.in nown i.n the t. A carbon 5 containing gas 114 (or
gas iixture) ¥ r?ﬁé@%?’éﬁe‘iﬂ"éOF}}e@WrE‘()‘%{l}eB‘lln%)‘g*ﬂ“ﬁ’e‘nﬂ%m't Arcé “conduit 115
nto the pkasunhtieeds ita foiil Mignld G mORRIviPHBR R AgoERSRT 11ghowN as 118a

and 118b also are ow control devices 120a and 120b into the
pl asma gener atladugltboonduit 15 anto thelplasniz0dbove theaungdible d 0ad Dtheriirbeass

alternatively throygh on r ot her, separate conduits. .10 The gases
114, 118a,  andatelionne 1Sk abbl TR ASS 16 TR aeh e DRSO R] JEHEES ener g zod,
and a carbon- qp4 3B ihfdMhe Plksma GORIrhtB abdVetBe Slciblel 08UiBsughsur f ace of
the containers 102. The process nust be conducted under vacuumand within a

vacuum cel |, condifit HS atatiematiealy throwrbong©r a8)re ot seprinafe opduatsi ng pressure
of the 15 prqcess usin ar bon-.cont ai ni ng.gas, i s in reqgion,of 10-4to 10-1
ohar | depdfa nicaRsenLttyEE SR ER infetla i 3d Aakih pRIMEbIRRE o on of
10"3 to 10- 2 efilrgized, -0 a@Gtionadoatiinif® ot 28id Watg forie offies @ity pressure
with a carbon- contai ning gas tends to be higher than the pressure normally

used for non- sedpase therontaarsd03. nor gani ¢ coatings. In other respects, the

0540551 and | U, o HLPlEipbat ok Gndi8Ra il bidnSs ATSAGLEE facklind ] VO
supported by azeliautleas desciibed in@CAr W atHesB)1. cThewipblating predaure ofithe shown) .

The crucible, also called a receptacle, .is .constructed qof a materi al
suitabl e flor REIERE! O\wam PR AT RN FREIGN Jaro 35° s ng nateri al

For generati ng tRaTs e BRECE cathe, SIS RAIo f IR 1ol BBFLS! o R necessary
evapor ati ng si’nmonForeaubeienh egating eates, theraperasing resswraiwithid earbanat er i al .
containing gas tends to be higher than the pressure normally used for non-
carbon containing inorganic coatings. In other respects, the operating
20  parameters are in the range of those described in PCT WO 98/40531 and
U.S. Patent No. 6,279,505.
The crucible 106 typically is supported by a cooled (e.g., water
cooled) crucible holder (not shown). The crucible, also called a receptacle, is
constructed of a material suitable for melting and evaporating the particular
25  coating material chosen, and must be both inert and resistant to the
temperature necessary for generating the quantities of vapor needed. For
example, for evaporating silicon, carbon has been found to be a suitable

material.

(1) Carbon-Containing Gas

30 The carbon-containing gas 114 preferably includes a low molecular-
weight organic gas, such as acetylene, the light olefins (e.g., ethylene,
butylene, propylene), or the light paraffins (e.g., ethane, butane, propane), or
light aromatics (e.g., benzene, toluene), or light organics containing inorganic

radicals (e.g., nitriles, sulphides, phosphates). In general, it is advantageous
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(1) Carbon-Containing Gas 30 The carbon-containing gas 114 preferably

i ncludes a | ow nol ecul ar- wei ght organic gas, such as acetylene, the |ight
ol ef i ns (wog/seBhyl ene, butyl ene, propyl ene), or the |i @ar/ysaz/afcks ns
(e.g., ethane, butane, propane), or |Ilight aromatics (e.g., benzene,

tol uene), or |ight organics_containing inorganic radicals (e.qg., nitriles,
sul phi des, phde pseeraezon-contpinjag epseh that haveq gy eatiopd saiben 1ohydrogen 088232

PCT/ US02/ 1262 0 . i ni a I ati o of
carbon to hydé%)oéﬁeshﬁbglteag(rir@% &g&uggﬁ% %l&{nﬁ'e&gg %ﬁﬁ?sg%@%grlegf :fﬁes au;%{t:lg]?/ ene is
preferred. Theadoacbhtainind gasenetéred tciha phismiarigpeels oneyperdfdndrgattiie pl asma

depends on type of ipor ani ¢ goati n]g sgbstan?e ﬁel ected, as |1 as the
type of car bo FOUBIBSYP3H S_ﬁlﬁgt.e_ F5rvasl 3sils tyrg af cag ‘é‘f‘ff‘?rﬁﬂ@% PP T¥part a

br owni sh cgl O'insltaﬁxcé,ha%et?%te'vﬂﬂ iﬁl{)arﬂ§ﬁf$\$rﬁslﬁdblor&5‘ﬂ?es<§)'aﬁﬁ% FRBPlotdnoNn Wi th the
i norgani ¢ coating substance. For exanple, a brownish tinge is expected

when t he vaporexgassive propogionawith the drasganic edpding subsiange. For exampbuabi ned vapor

ft ' i t. of. 1h j .10 (2
nor gani ¢ coa LTSl SRR 08 ush ond Lot BRRETe of RebfeM Bici ance 108

i's an inorganiequdleé teicdmbinedtvapsr predsiufd ofthe ihogahiceoprRhedfthe vapods has a hi gh
boi I i ng-poi nt, for exanple above 500 C. For exanple, the coating substance
can be a net aln thgiplase®n or another non- netal, or a conbination thereof. 15

Vet al oxi s of var i ous il bk ted Bl Lop xaml el n um o de
cl ear transpar ency Thadogtagdubstanded08 tivat inbrganeshaterdal tthat ds dvdiddk i ng abuse and
ar t1 oul arl y ACTAGEHREEE 1 TebnBataen e e s srone eVt ol co. of
coating subst aQ¢ exaAile, AOERTIRE IERERLS cAbd IR, RARDA or Ghdth&roa- (cost,
coating color, transparency, %ottle shape, degree of gas barrier

necessary, si zeetaforyoeambunatipngheraefti cularly the type of plastic used in the
bottle). Lp the ab e of carbon-cont.aj ni S triers have
Wned by Maailes 5V A0INHNRA bR o3 2R uri il

been obt ures descri on-surface
reaction 25 ofoxfie| ¢andie applitd a/@eon-@ntififg Sodthgydoqirevide b glasolik@l | y greater
than 1.7, and normally i1nsignificantly |ess than 2, and thus, glass-I|ike

transparent cGHer igsparency andcgogd dawies Baprs resistariio bandlmebhs Wds, x is | ess,

because sonme QfyiSdddh&GRA cBnditions. Quadra-valent metals, such as titanium, are
particularly advantageous in combination with carbon.

20 The choice of coating substance and process depends on the process
criteria (cost, coating color, transparency, bottle shape, degree of gas barrier
necessary, size of bottle, and particularly the type of plastic used in the
bottle). In the absence of carbon-containing gas, good gas barriers have been
obtained by the procedures described herein by means of on-surface reaction

25  ofssilicon with oxygen, giving SiOx where x is normally greater than 1.7, and
normally insignificantly less than 2, and thus, glass-like transparent coatings.
In the presence of carbon-containing gas, x is less, because some of silicon’s
valency sites are occupied by carbon, rather than oxygen, but the same
principle applies, whereby the result is SiO,C, and y+z is greater than 1.7,

30 nommally insignificantly less than 2.

It is also contemplated that the coating contains 0.01 to 50% of one or
more of the glass-forming metal additives selected from the group consisting
of Li, Na, K, Rb, Cr, Mg, Ca, Sr, Ba, Ti, Al, Mn, V, Cr, Fe, Co, Ni, Zn, Cu,

Sn, Ge, and In. Small or trace additions of certain metals in silicon dioxide

11



val ency sites are occupied by carbon, rather than oxygen, but the sane

principle applies, whereby the result is SiOyCZ and y+z is greater than

1.7, 30 wormambd2g2insignificantly less than 2. It is al sopcantsempieat ed t hat
the coating contains 0.01 to 50% of one or nore of the glass-formng netal
additives selected fromthe group consisting of Li, Na, K Rb, C, M, Ca,
Sr, Ba, Ti, Alandpther goatiggs candncregse gap barrar. ueh metpls capbe desaribed asspal | or
trace additio f i Al S 41 L | QX 1. 1088232
pCT) Usoz) 1262 8esS 0 Be L BEHAES eluult e At oM Sl DR =0, )
can be descri hegdtimgsglagl Saitatle phssfprnbrigahetablatiditives sndeizaAigeAll GeyCrar e known

as additives for_use in i nQ. ql ass. itabl e gl ass-faqrm ng. net al
addi tives i nclCHeEedy, Mg N ?’r}%’ gnéi‘; “F@HK?E%n?ﬁs Wﬁd{‘a t,ogfgﬂ? Ti, and

Zn. These get %'r??o@frﬁorﬁgﬂﬂgtaf-ﬁx-éo‘aﬁﬁé oPbétwBEPPOT thP50Rf FBELAImfI8- coating of
between 0.01 and 50% For exanple,” such additions to a coating conposed

primarily of Si¢Padditions s a codtimggamposedmringarilppf SiGanereasedlie gaso or nor e.
Such netal s are_added .eith to the ruci bl.e or_are praovided by the
sacrificial eP8%l% nyfactt?{eoeiréTv 8t %’ﬁe'e%cﬁtt?%%lsabelaéi?g?%&‘e&\{%ﬁ}eel d of the
cat hode, thi s chRiHlgof a0 prdvidddesy the edvxifioRl e@sioh @ tH¥edlédtron Eigingm xt ure of
netals. Use of netals and other gase_ous_ subst ances_ al so enabl es col ored

coatings, or Daepsdbshiedef thssatheds thispemgseastigtedfeom dhe degred metal

appropri aggl y)ormi%;eeoftrﬁag]gone | ayer, each layer conprising a different
conposition, can also e beneficial, particularly when producing col ored
coati ngs, since cordsenfngtdbamciodtherexisemns stbstansgsaalendnabley eolorednabl es a good

gas barrier to be obtaine fth mninumthi.ckness of col ored ating, thus
enhanci ng r ecyCHHE ‘?r?w 'a’g\ﬁf\g‘%em ABptmes K@ndi?ﬂﬁng%_er%c?a‘}t?‘l@pé%ﬂ%&%oati ng
material is Ugshe thdn d 18ek.@Ach RYEERMDIKind dfferchd@mMPYsRichNam e coating
source, since differences in vapor pressure between substances can result
in fractionat ibelenefitialmroieulasly whergogicorgealored sodingasueesombitange i n t he
coating. EFurthernore,,.it is ssi bl in h .hods

di scl osed lghercg{oﬁ?({afdg t{:aélagar%rﬁg@'t%lrsceng lrel%jg (r)l‘gdr é%%’&%%t@mg?ﬂ&%% egrlgét'ﬂor ot her

i norgani ¢ matngihindhif thiskiels 6fcotdrkd cautingWhusenhanéing edcyclxbities, Whai r at her,,
are elenmental netals or other ingrganic materials wth a carbon-content.
For exanpl e, 280rpthagiong tyns af AR GERAtIEE massriabts Usedt Kép ffem

car bon- cont ai Qfe?@(s)% ﬁ@%ﬁl‘e mdtt HEh B COkting! sobeBlbilte EfthORGA Dehot Ne use of

react ant gases
pressure between substances can result in fractionation and uncontrolled

20  proportions of each substance in the coating.

Furthermore, it is possible, using the systems and methods disclosed
herein, to coat plastic container bodies with metals or other inorganic
materials, such as silicon, which are not oxides, but rather, are elemental
metals or other inorganic materials with a carbon-content. For example,

25  plastic container bodies can be coated with carbon-containing elemental
aluminum or silicon by eliminating the use of reactant gases from the
vacuum cell, with the exception of the carbon-containing gas. The carbon-
containing gas reacts to form elemental carbon, the inorganic material does
not react.

30 In another embodiment, as an alternative to silicon dioxide coatings,
carbon-containing clear/transparent metal oxide coatings can be produced
with high barrier. Normally, silicon dioxide is the first choice in high-barrier
applications requiring glass-like transparency, but metals are much easier

than silicon to feed continuously into coating source. Moreover, the addition
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vacuumcell, with the exception of the carbon-containing gas. The carbon-
containing gas reacts to formel enental carbon; the inorganic material does
not reactwo3Q/08823anot her enbodi ment, as an alternative toPsTltisonRedd oxi de
coatings, carbon-containing clear/transparent netal oxide coatings can be
produced wth high barrier. Normally, silicon dioxide is the first choice

in hi ghh bar ri &f 2 vapgy pEarctabnie theehsied of gvajlablesinpigepiciooatingmpisrialy, but netal s
Voreover 1 ne e REIRcs e ao YRR L0 SR ond e R S DI €

metal s to thetepwidae @tbavaintating merd bgalkicoatipahasnthepdtentiablos W dens t he
choi ce of suitable crucible materials. Therefore, the. use of netals to

produce car boslERHiraRibnTeAEceORUNS E5iRs coBRRsdgLiorndiaxide ¢hdtiBet i al t o

significangly redugg £eahiGoaRS!S RPpHRIEARE Ridrednkd MmARrid t8¥hde coatings. 5
An automatic source for supplying the i'norganic material to the crucible
can be provi dedicilocancheprpVided Jormexanmplans aoder othst salidsstugbreiesinor in  any

other form Preferab i_porgani c erial is provj to the crucible
"h'so1 1 T or magkateplofs, PRAelBR R ThorglRt falehay heBidHd A babll®, O v By
m ni m zi ng t hen sdlidf AR and Aepeficildt willMRtie dicklnkydgtnohpendelfot. fBgt s of 10
oxi di zation can be avoi ded. The sel ection and use of one or nore process
gases, 118a amnmighg thesuracesss ef thiropatsaal, degmentabediests olcul ar i nor gani c

coating sypst anee and . .Cof Rggont ai ni ng gas enpl oyed. For exanple, if the
inorganic coating I's an oxide, oxygen is a necessary process gas. In an

al ternati ve enbodi Mhakeledtivm ahld upe of @reorgasre prickssggasesahl§anard11§bs, such as

argon, which can be used t enhance the pl asna-energi zati on process.
Chorati on of THEHeTRlS Atpeays e e BOLCHET BPEa SORTUE bR A st he. cat hode

110 and the Crc%BHchntl%gb%a‘é’ieHM&}J%& F@%%ﬁﬁ)l@%ﬁg_ixﬁkgénk@c&ﬁggw e

(cathodic) pole and crucible being at the positive (anodic) pole, so
t hat energy i oxidecoXygemrisof negessaryguoqess gasl elotanaglisinative embedimeninien t he
cat hode an? t he cruci bl the.cathode rel ative

to the h0|l zoREEFS5ETP f’gi%deg%" E/I%(%ty%ag’gs |tc ?Se, %Slilftev{'}gg})g%rlﬁ ‘gﬁd % ener ay
avai | abl e for ephassthePdshiiderRidzR0apadceEd. on can be adj usted. For exanple,
inafirst position, a |arge portion of the energy is available for 25
pl asma- maki ng, whi Mﬁaﬁg@&@ﬂﬁééﬂlﬂan, al nost al |l energy is used for
A potential is connected across the cathode 110 and the crucible 106,
with the cathode being at the negative (cathodic) pole and crucible being at
20 the positive (anodic) pole, so that energy in the form of a stream of electrons
can flow between the cathode and the crucible. By varying the position of
the cathode relative to the horizontal surface of the crucible, the proportion of
energy available for plasma-making and evaporation can be adjusted. For
example, in a first position, a large portion of the energy is available for
25  plasma-making, while in a second position, almost all energy is used for
evaporation and hardly any plasma is formed. The degree of energy to the
coating source 104 is adjusted by the voltage to give the particular deposition
rate on the external surface of container 102 which enables inorganic coating
material 108, after evaporation, to deposit and react completely (i.e.
30 stoichiometrically) with the process gases introduced into the coating
chamber, thus ensuring that no significant amounts of unreacted gas can be
occluded within the coating. For example, in one preferred embodiment,
which uses silicon as the inorganic coating material with oxygen and a

carbon-containing process gases, deposition rates onto the coating surface of
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evaporation and hardly any plasma is formed. The degree of energy to the
coating source 104 is adjusted by the voltage to give the particul ar

deposi ti owo mase3on the external surface of contai ner 102 peiticsh2/eadbl es
inorganic coating material 108, after evaporation, to deposit and react
completely (i.e. 30 stoichionetrically) with the process gases introduced
into the coat ilrig S0 ahdseasrgive fully teanspardnt goatings, with wirtgally y dent 2amount s of

unr eact ed gas be ..occluded wi,thin the coating..For. exanple, in one
preferred enbolr g it P Eie ubTobeen for 8 s Meinihing ML 0 g ater i al
wi th oxygen argciam @ahdosatiagrReR(inireg ol bPIOLIAbayas HE. mbaposi tion rates onto
the coating surface of 13 WO 02/088232 PCT/ US02/12624 1 to 5% nm's can
give fully transpaf@hProdBcing geRd gagbamiey resplisif iy bgneficial to ensupe thaf oy, whi | e
avoi di ng syr plign QEUGE Y ed @on BetweeR Mt dBRLRE AlaftinAPadd 8 y&e&g;gzs kdkef e coating
cell (in region of 10-4 nbar to 10"2 nbar). For produglng ood gas barrier
results, it i pldoenfiérthe adating neaterial bas hezh dSpaesited and forfnad e sokdilatticsn bet ween
the coating materjal and th roce. as takes | ace after the coating
materi al has 5‘@8?1{1’8@5%%6?% %ﬁ%ﬁb‘%‘ﬁ’?‘sﬁ% ea?ogtgfge@' ﬁeg?tfqgclﬂf,% thg FﬂEQ the process
gas then densidii@s Jihfladpahé &8b&Yof thaeirbogcoithidirig s Beddntes | atti ce.
Simlarly, the carbon of the carbon-containing gas becones integrated into
the lattice, anesrpiedintede lgtticatand provadasrgeater floxing ablity e thedetticge. 10 The

di stance bgtween a~gur ' -gnﬁ: ' TS
inportantPghen avoi gg&ﬁ@§%8§3g?f%§h%gggg?gﬁﬂx Ic eag§@y§P?hﬁ?he process
gas before thémpa@nt ndematedinglthd ®atingomteriatiwhith @edchewitlo tegirowess sur f ace.

Equal Iy, the condition of the coating material is inportapt in securing
maxi num on-suugFSa‘&"éoﬁeég"c‘E‘?a&‘H.g “ﬂ“ﬁﬂaifs pestied opfafhe FORBINGESWHCEi ve optimal use

15 of the coatipgs B &RditbR e tRNARMid aletial i@ Gttt SRBYnEONt ai Ners as

possible. This di'stance Is dependent” upon vacuum and deposition rate, but
general | y i s nipaimserongubdcemeastipn? Andistancs isaboseq sb lae talgize apitealersabl es

hi gh- ener smas.to be created..at.the coating source wthaout

neat - danndy ngf 6 Cogt sebfeer 88k i Sofi 8 el sBREFER A o Teke v acuum
cell can be aThisghistenRrigiepenli@s iPon GRlueMMENdRp&ItidinGtd, borgedtrallgtiode,

vol tage, the distance between the cathode and cruci ble, and the coating
angl e, whi ch Pstwses 0598m gnd A m. plackeasing therdisigrcg epgplesthigh-energy evapor at or s or

coating sour Cﬁ%gt és‘tobt?e @Ldalgqhe &dltih?‘é‘@urcéﬁglhﬁlglthew&n‘?a‘gﬂ%o&x@t or fluxes

overlap their gl ving an even fonglt
container body.
20 The plasma generated in the vacuum cell can be a high-energy

plasma, determined by position of cathode, voltage, the distance between the
cathode and crucible, and the coating angle, which is desirably in the range
from 0 to 70 ®. The evaporators or coating sources can be arranged in rows
so that the evaporator fluxes overlap their paths, giving an even longitudinal
25  deposition rate R. This rate typically can be between about 1 and 50 nm/s.
In a preferred embodiment, the plastic container is a bottle formed of PET
having a thickness of about 0.35 mm and having a barrier coating thickness
of about 50 nm.
Rotation and movement of the plastic containers over the coating
30  source (and through a vacuum cell) preferably are conducted using the
equipment and methods described in PCT WO 98/40531, in order to provide
optimal coating of the containers. Appropriate means are provided for

holding and/or transporting the container bodies through the coating process.
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25 deposition rate R This rate typically can be between about 1 and 50
nms. In a preferred enbodi nent, the plastic container is a bottle fornmed
of PET mwoimgsse3t hi ckness of about 0.35 mm and havi ng a parniser/imeat i ng

t hi ckness of about 50 nm Rotation and novenent of the plastic containers
over the coating 30 source (and through a vacuumcell) preferably are
conduct ed usi rihetpieceseepn herpdratchpracesatdiganse geeferablydsia contpoPus/gy 98/ 40531, in

order to provide. ont] ing of the containers. Appropriate means are
provi ded for S%%fﬁ?’ﬁbnugﬁ%?%?g%&r ansporting the contai ner bodies through the

coating process. 14FoV\Cefan pBSESirRCdY, binGade prb 2divatibeispisofit &8 ligatly be a bat ch
process, or nore preferaply s a continuous Br %en‘i-c,onti NUOUS . process.
For certain plastvatmeasuriaesef the plaguceontiper or bptflebydprmiag fcefadicalyr | ght 1y

activatingsa Sdﬁrth@%f& . 5h& %%Eﬁmoﬁ%@@éswu&ﬁg Pplokts %%’, WiERsng free

radicals 5 on the surface. pre-activation 1s possibl'e using a process
gas, which is applhtd mgplasmafors reforothecbating protdsebeging. i Ogygsneoé gertbegi ns.

Oxygen and i nert ases_are nor.nal | .ied as -actjvatlion gases and
the et hod of Bresanaso iy gradRar efBakof frf o] Rl bmerts

conj unct i on WénBrgdifiglbthdse igllesctibel BerehdepmlboRjudelibn Witk Fealire2caandi ti ons as
enpl oyed for coating. For sone 10 plastic substrates, it can be useful to

de- gas the surthaganeoracuma cedpraapuie conditionsragempleyed dorspeting sketsemeni st ur e
and | ow mgi,ec 1%Eic‘é§6&é%esf§%£{6eads§ 1toT@é-gasqﬁ%g?dth%fﬁ%‘koﬁ&i&?E}Le"ed by
peri o e a

hol di ng the contarner in a vacuumfor a etween out 5 and
180 s. Bott| esorder te esm@icrabsabéd moisture andbhivaimelegulaf tveighbhmawrialsl di ng can be

degassed rel atj vel ui ckly, d 15 location of coatin rocess beside a
bl ow ol der | <l ieedBasipecan e achiona xRl Bhe. AR A XA IRk @ ot hods

descri bed her%eﬂo@!ﬁﬁfeﬂfeﬁpéeh Bb@ FHR0 F0Q. f BoMleRoLQHARkrs BlAd! | ¢ cont ai ner
conprising a plastic contai ner body having an external surface and a

coating on t hemmedeatelyiafienhléw ceoldingchizbe degassedaelatiiie quicklyi angl 20 provi des a
barri er tﬁst ilnhit.bi tg tt%e fl ow Ol!;e as bl nt o eined iogt .ofl the container, which
is particularl ?/c"hlg&o o4 Wgﬁf%:ﬁffc ﬁgia@a#%%ﬁb‘{%d b ?/Sérla% es. For exanple, the
gas barrier cqat The CoafedPlattecCohfatndreverage fromthe flow of oxygen into
the container fromthe outside or can_ inhibit the flow of carbon dioxide

out of the beveragelhednethedsclescribed hereinpreferply. arepiseditodgrmacentsde has

plastic container comprising a plastic container body having an external
surface and a coating on the external surface of the container. The coating
20  provides a barrier that inhibits the flow of gas into and out of the container,
which is particularly useful in producing carbonated beverages. For
example, the gas barrier coating can protect the beverage from the flow of
oxygen into the container from the outside or can inhibit the flow of carbon
dioxide out of the beverage container. The resulting carbonated beverage has
25  alonger shelf life because the coating on the container better holds the
carbon dioxide within the container.
The carbor/inorganic coating is strongly adhered to the surface of the
plastic container, such that even when the coating is non-continuous (e.g.,
due to scratches or fractures therein), the coating will continue to effectively
30 adhere to the substrate such as an underlying plastic bottle. The coatings
described herein therefore provide an effective gas barrier even if the surface
is highly fractured. A high gas barrier of 1.25x, preferably 1.5x, and more
preferably 2x, greater than the uncoated container can be obtained with the

carbon-containing inorganic coating methods described herein, even when

15



25 a longer shelf |ife because the coating on the container better holds
the carbon dioxide within the container. The carbon/inorganic coating is
strongly wolensst3ito the surface of the plastic contai ner pc3ush2/itsat even
when the coating is non-continuous (e.g., due to scratches or fractures
therein), the coating will continue to effectively 30 adhere to the
substrat e suchhasoai comtbéndrygpmniging lags¢ssaridedifiuidsuchitae acedionatgd descri bed

herein therefqre provide an effectiv s harrier even if the surface is
i Ghl y 1 1 act uEaeraRe e SpaB Safe ot Biupasiopn beBede o e
preferably 2x,to GhRPdrLEquiviidht EhCoAnaRE 2eiueed vRigheEoripied® PPhdicned wi th the
car bon-cont ai ni ng_i norgani c coating nethods described _herein, even when 15

WO 02/ 088232 meaisyof sipslansurfase arsg andolupierand mdthosbsridipisrier pressurized
fluid suchsas iﬁ‘orggﬁgggagfn%? ﬁﬁg%fé}% eJﬁb%irﬁ?]ﬁtft&dcagegﬂtagk&%ﬁ cgs‘tgfgé,' bed herein

furthernoré can ve an equivalen rrirer and-reduced

wei ght conpar ahe barriar glatiag campises haniweire of arsindiganic oxidef ebomraed and vol une
and wi thout said exterior inorgani c coating.. In a preferred enbodi nent
for clear/trafPHap L}’ta%lé%ﬁgﬁﬁgﬂg ’g‘?tﬁé‘_dﬂ‘é‘l”ﬁ %ﬂfg’@&éﬁ‘? Ft)"éjo?\l‘_bﬁqcses a mixture of
an i norgani ¢ Qghfher,GAdAUdntaRh aB{%hﬁ’ﬂ@& hﬁidaseglle&%?_fhfe%t@li&gspﬁ@é@ﬂ addi tive,
wherein the coated plastic container, when containing a pressurized fluid
seal ed in the thq:cantaioer bodzeba plessurtref @bprig(hbbabh pyssassena gashasnere of 60

bar i e oftCt n¥eb AR O Breattrvtit Sty iffon! BRES B RArEE W nout

the coating cqphfaines wathpuehs vsdtibgdohtalns d pe&siutstdifluid beiled iAttey | or space at a
pressure of 60 psig (4.1 bars). The coated plastic containers preferably
have a very t HRt§TocEape#y/4 pessyeenfo0asig @rlgbarsne coating preferably has a

t hi ckness from abou ec%?te&gia@ti@@c%&iﬁ%rgBréfé&bl}?ﬁrﬁvg9@{:1?‘11&?1' astic container is

made by depositing the coating on t exter surtace of the container
body usi ng vacathonliagrganidepasigt iThe coatpregirefesablyyhaslagbivkness fimncadutr acuum
vapor depqsition. The resulting coating is preferably substantially
hormgeneoag andO#BBHAON  and bonded either 20 chemical Iy, physically, or

by a conb! nation t hﬁfe%ﬁbedb&sﬁ@@orﬁaﬁhé}f i5 }lad® B&H@;S‘c%itﬁfg thé E&tﬁ@@h%@er- ) AS_
used herein, the term hom)agneous means there is no substantial variation

in atom c conpatarior ewrfachobthgrrontaenes bedy wringyasurine/aper ¢aposifioi,phous neans
there is no Suplgéttex%m)’ }ﬁ!isn%-gtﬁltaﬁééd \Qi'c{l&/m ivra]p(grr}f%pgs?ﬁl&{. nﬁhea\%sulting coating
is preferably substantially homogeneous and amorphous and bonded either
20  chemically, physically, or by a combination thereof, to the exterior surface of
the container. As used herein, the term homogeneous means there is no
substantial variation in atomic composition through the coating and the term
amorphous means there is no substantial crystallinity in the coating as
measured by standard x-ray diffraction techniques. In addition, the coating
25 components are preferably present in the coating in concentrations that are
substantially constant through the thickness of the coating. For example,
with clear/transparent coatings, the inorganic oxide, carbon, and glass-
forming metal additive should be present in the coating in concentrations that
are substantially constant throughout the coating. The resulting coating is
30 therefore very durable.
A variety of bottles types and coating combinations can be created.
The methods and systems described herein also enable heat sensitive
containers to be coated without significant temperature rise, and at all times

maintaining a bottle temperature well below 60 ® C. In addition, the
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measured by standard x-ray diffraction techniques. In addition, the coating
25 conponents are preferably present in the coating in concentrations that
are subswariosd2By constant through the thickness of the ®ocatisezyi26eor
exanple, wth clear/transparent coatings, the inorganic oxide, car bon, and
glass- formng netal additive should be present in the coatin

concent r at i ongnatheds andspsternd snabla mitirgs ewshlayernof subsboeidabes leéoatl ng. The
resul ting coa 0] r r Ly, e tles types
and coating ca){'nlﬁ'?hngafsn (fncshtbg%nt% glegrc\égr L&Q%@%bﬁiﬁéﬁ R%%{ ésa%aﬁm&e?rs descri bed

herein al so emabbarikepiopetiesi In exemptboathbbdlﬁfeﬁtsl ﬂllaeomahmkm t hout
significant terrperature rise, and at ti nmes nt ai_ni gzbottle

t enper at ure wEPRLTES) ¥, T8ty trassparRntadi qabﬁndtaweapr DI

PCT/ US02/ 1262 e mxtures and | ayers of
substancesgt o%g{%&)p %lng%ﬁﬁé %gglpe%faﬁ?:%\osen for their color, UV-absorbing
properties, or add|”Ehe@naﬂlngmthb@dasemqur1@p%nEn@ée thbrpr@luatmm of platiisdi ment s,
silica or netal oxi dgl} coat rg Eugll ltranﬁltqﬁ E and, cl Lgar, and are
applied to a ¢PRRIER atfrigcocg ° Ko i é’f‘gﬁvd & fianglipg @bdsez )y ar ance.
The coating metdiasa mQﬁmnaedrHae;awon cofiablife éheinpeadeitisr 8a of plastic
contai ners having color or other features, along with the handling abuse-

resi stant hi ghrapsparerd and ggar @é}eﬁbﬁiwaﬁlmwls&ﬁaﬁ%ndﬁﬁl dthepthe pe
transpar e_qg aQ) 1cfe| HAm %t\é‘f]&r & tliglﬁ% d)tn ﬁ?ﬁﬁicsshﬁst%cecsﬁ{:lpﬁ’s” with either
ide a e oxl de 0

the 10 ox et or Wt non-nmetallic substance such
as silicon), sdrcoh)g oobaqpmluelor cabrdddhérehe theliepddiecatepBsificarbonsi st s of
carbon wth elther a net or, with a non- metggcosuch s silicon, or with a

metal or non-Yith SifheEd ﬂ?f%‘fh%tﬂoqﬁ’(ﬂaéé‘r‘ﬁhcasﬁ BRIHVIES2 ietdl Bhen) .

Addi ti onal f%ﬁimamaéohﬁﬁbuﬁaafaﬁnbfg@ﬂfc@% ahcths nittxehleaddifbgani ¢ coating by
incorporating 15 visible |ight absorb species, tendering the plastic

cont ai ner cosrfandtioahlity cambe mcawpemdmg)t Emorgmmaémg(barnmmmimgm ni ng

silicon ¢ n shi.mrer i ffect. and pr e good
est ot anodst o e LR Gy SHET RARARR T iRl sRMIR® o0
car bon- cont ai fhég appdatihg. BoBéxanPte, EaBolyRaifiirgl stliconi deetin@tcah hawe £f f ect s,

whi ch can be usefu for 20 exanple, in pronotional packaging. I11. Polyner
Coating Met hodhimpering biosmeetiest andprpide gagskiesisignes i9dragsmission of nvent i on,

met hods are prgyuhA§€V Rldiation. As another example, carbon-containing metal
coatings can have mirror-like metallic effects, which can be useful, for
20  example, in promotional packaging.

II1. Polymer Coating Methods and Systems

In another aspect of the present invention, methods are provided for
applying a polymeric coating to a plastic container, preferably as a pre-
treatment (undercoat) or post-treatment (overcoat), or more preferably as

25  Dboth pre- and post-treatment with a main inorganic coating in between. For
example, the main coating can be either the carbon-containing coating
described herein or the totally inorganic coatings described in PCT WO
98/40531. The methods involve a deposition process that includes
introduction of a polymerizable organic gas in a plasma-enhanced system or

30  alternatively vaporization of a polymer that can be vaporized without
decomposition in the vacuum cell.

Polymerizable Organic Gas

A preferred embodiment of this method is described with reference to

Figure 2. In Figure 2, containers 202 rotate and move continuously past one,
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applying a polyneric coating to a plastic container, preferably as a pre-
treatnent (undercoat) or post-treatnent (overcoat), or nore preferably as
25 bot h pwe-02asst3post -treatnent with a main i norgani c coatCmgSoniises ween.
For exanple, the main coating can be either the carbon-containing coating
descri bed herein or the totally inorganic coatings described in PCT WD

98/ 40531. The aretskoesefi grsoineesizingleqisesi(Di294. Pheogassaergivang sonede’dds

i ntroduction system or
50 al ternat i varg HARFTIEOH Sio UG HER o o EAAGIPHEABNSEE Yol
deconposi t i on mixtirbef g:ﬁczﬂsme:ainltrollabbyﬂemwﬁ:bd)leie@rogamaa zﬁc‘alszmbmmef erred
enbodi nent of this pethod js des gure 2. In

ri be h reference t
Figure 2, contfaithrasimigyseyises,nat shoyn %n@aappﬁlefo‘ugv*gﬁrﬁgg?maw@ms 17 WO
02/ 088232 RCT/; h’%ﬁ% gg,ﬁe)owh@ $€&le ?g%zlﬂgsmgeézﬁzﬂﬁmmneﬁdéﬂya&&(S> 204. The

gas energi zing so inc udes eed pi pe 206 rough which a
gas 208 fl ows.eléthie ctdmmfc D) smowtei2 K. oﬂ“hgagaﬁ@ﬁtmmmatoﬁl‘)ﬁdohmd 2y fl ow

control devices 210a nd 210b furfher.simlar vi ces, nhot shown,
Gepend ng. on. RESTHEHBAIS BRE GHBUIRHO: ThE prriyfaegaba b PLsotRhe " gas
energi zi ng souwnags kebted 1 @E gh@ﬁw?ﬁk 206 dAnQIctricars phistEb&weére (" DC')
source 214. The negative termnal DC source 214 is connected to a ring

cat hode 216. Ting qethoide 2V@andthniganifecd pipe286Dehish assvaes fiedanode connect ed to

tng Ohe 498 BuBSighofhe ot Sfeldhbfid2h SnPAS TS 2 B HE A e ihgaL NOde 210

el ectric arc efdfgiratsald. hEhega&ed: fdivals thérbdepBsi€ oMdithd surfhcpbf comtdihet of free
radicals. These free radicals then dep03|t onto the surface of container

202, and pol yri8i and polwnerissgfosmingravernityn, pebmarepatigaventiesvdrcadfe surface
of the contaigper thIH& e daild Y W&%&ﬁ{%ﬂ&%%ﬁ%ﬁ@f@é@?ﬁo fdo about 1 to

100 nm nore usually 1n range e gas I ncl udes a
pol ymeri zabl e rmugmrbusminsmgbsae Ssammol efin, paraffin, or light aromatic,

such as benzene, toI or a sili.c cont.ai ni n gas h a si | ane.
The gas 235 gﬁwtgésa ’39“9?%38?1%2 eﬂ‘é?‘é‘cﬁﬁ?ﬁ "efcn Blﬁﬁiﬁﬂ’c gases.
Ethyl ene i s thgiBhed6matd sRAH ¥ BhE&RMoRicAE IR s‘f‘h&ﬁ%o}‘i&ahﬁng g&aﬁdcﬂgs of

gl ass-1ike transparency, but a m xture of ethylene and acefyl ene 20 can be

at |east as efasestlanee Mietgas a@&pamlgsa i tete oditeo notnommistpam@hte/ clear, and
are not affect ed b&’gaasceté’thel@ge & the p erreg poiyn%nza 8%} anﬁ:ng%slwsith preferred

coatings of glass-like transparency, but a mixture of ethylene and acetylene

20  can be at least as effective with coatings which are not transparent/clear, and
are not affected by acetylene’s brownish tinge. Acetylene is a preferred
polymerizable organic gas in colored or opaque coatings, where its brownish
tinge is acceptable. With certain polymerizable gases, for example paraffins,
it is also advantageous to include an inert gas, such as argon, in the gas 208,

25  inorder to enhance the plasma.

Vaporized Polymer Gas

A preferred embodiment of this method is described with reference to
Figure 3. In Figure 3, containers 302 rotate and move continuously past one,
or a series of, polymer-vaporizing source(s) 304. The polymer vaporizing

30  source 304 includes a melter-evaporator 306 which contains granules of

polymer 308, and is heated by an electric power source 310. For example,
heating can be by radiant heaters, resistance heaters, or other means known in
the art. The vaporized polymer then deposits onto the surface of container
302, forming a very thin, polymer-coating over the surface of the container.
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pol ymeri zabl e organic gas in colored or opaque coatings, where its browni sh
tinge is acceptable. Wth certain polynerizable gases, for exanple

par af f i nswo 288232 al so advant ageous to i nclude an inert gasT/sovieeas ar gon,
in the gas 208, 25 in order to enhance the plasma. Vaporized Polymer Gas A
preferred enbodi nent of this nethod is described with reference to Figure

3. In Figure 3, coftolymer3)839s pelymsr hapeiaraisics vadertha ey past one, or a

series of, poly 'Eibf{%’ﬂﬁ{a E&ﬂﬁg??&e%ﬁﬂo@@écoﬂb%ﬁ&plEfg?ﬁplgsacﬂori zing 30

source 304 includes a nelter-&vaporator contal'ns granul es of
pol ymer 308, aniabls pblyatcesdntiydalvvweimelketulacwpigheolefing)polye@tf, ador exanpl e,

heating can be radi ant _he rs,. resistance heaters, or other.neans known
"o the art.  PRDPREES cRO B iR R BOTE siebhe HOBERRAL of
cont ai ner 5302ande00Tb N0 nME Mbrd dullly RRde¥ PB0 ngOat i ng over the surface of

the container. 18 WD 02/088232 PCT/ US02/ 12624 Pol ymer 308 is a polyner
t hat evapor at es undug-tiepEmenhanivion Rasheatingnls of t he coating process without

deconposi ng. Exanpl S 1 I i e : cul ar - wei ght

ol efins, polyester SI?&%%: Vag%"{%egdySWegﬁégﬁ{eﬁ‘SP%{‘ﬁ%%J%@?@ggpr eferred

pol yner. Coat ioiganid\gaskneBed, ican b&lusedras agpee-tCatinentlto AGnain comfirpdi.elasal | y under
200 nm Pre-treatnent and/or st -%reat %Bot h t he vaporized pol yner gas

P
met hod and théms@,chmé{@%sﬂ%éb%ﬁ@aﬁ ace gad hrdraip goatingh B@s B as a
pre-treat ngnt dQufeni®l Qn&ﬁﬁédaﬂﬂ% gi'.e-. &s tog§oat BRGSRER &%ﬁﬂ‘@?&r dshpabot tle
surface and the main coatling), as post 10 treatnment t0 a main coating
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post-coat. In extrene handling conditions, where a thick topcoat is 15

likely to be &drarpragsoeest. Ingetremas hapdhng sonsitions; where dhiskbdongesidfal 1y i s

pr ef er abl gcf or: [ . gmﬁ - t be applied in
conbi nat i g?\ vvihtlﬁgghée%g‘é@&é%?&gg{etq‘? a\r?%[ionn éllra g%a e@%"rd%ﬁ%ré‘ﬁ%y t he

pol yneri zabl e pgefsrabkt fonapplying heopessdHoweeanthe 2ahéthodsvdah be appligddnat

produced by the pol ymer .gas nethod. These e-treatment and post-treatnent
20 processes C8R H@labﬁ‘flg‘éﬂleé&%ﬁ%é‘g&%%‘} dercoatprogiaad ahson- cont ai ni ng

polymerizable gas method can be used in combination with a topcoat

produced by the polymer gas method. These pre-treatment and post-treatment

20  processes can be applied advantageously either with carbon-containing
coatings described herein, or with fully inorganic coatings, as described in
PCT WO 98/40531.

When used as a pre-treatment, the thin polymer coating, which is

sandwiched between the container surface and the main coating, provides the

25  following advantages: (i) it activates the surface of the container by
providing free radicals, thus enabling better adhesion of a main coating; (ii) it
provides better cover of substrate surface imperfections, as the polymer-
forming gas flows into these imperfections better than the inorganic particles
of the main coating, thereby reducing the incidence of pin-holes in the

30  coating and improving the barrier; and (iii) it improves tolerance of main
coating to abrasion and handling abuse, by providing a soft layer between the
surface of the container and the main coating, thereby reducing the tendency
of the main coating to crack during handling and thus reducing loss in barrier

during handling abuse.
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coatings described herein, or with fully inorganic coatings, as described
in PCT WD 98/40531. When used as a pre-treatnent, the thin polyner
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(i.e. pre-treatnent, e car cont al ni
preferably both. The three methods (i.e. pre-treatment, the carbon-containing

20  main coating, and the post-treatment) are normally to be regarded as steps of
one process, and best results are obtained when all are applied.

IV. Integrated System for Coating Plastic Container Bodies

In one embodiment, the system for making the coated plastic
container comprises a vacuum cell, a container feeder, a conveyor and at
25 least one evaporator (i.e. coating source) disposed in the vacuum cell for
supplying a coating vapor. The vacuum cell is capable of maintaining a
vacuum within the vacuum cell and the container feeder supplies plastic
container bodies into and withdraws coated plastic containers out from the
vacuum cell. The plastic container bodies each have an external surface and
30 aninterior surface defining an interior space. The conveyor conveys the
plastic container bodies through the vacuum cell and the at least one source
of coating vapor supplies coating vapor to the external surface of the
container bodies as the container bodies are conveyed through the vacuum

cell. The at least one source of coating vapor and the conveyor are structured

20



20 main coating, and the post-treatnent) are nornmally to be regarded as
steps of one process, and best results are obtained when all are applied.
V. | ntegwateedsfdgst em for Coating Plastic Contai ner Bodi e®CTrusone2624
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additive gpd BARYSThOC4dRgS%p& REduced i ReSaQfunt 881 B deQRbA) Make bOdi es and
the resulting coated pl asgl c containers, when containing  a pressurized

fluid seal ed iform hfa plasmei drsugpkic device for prasisingdhoplagna psiepld 4. 1 bars),
possess a gas b@%ri ef f at J%ﬁ‘%}ectlrog‘r’x the gas barrier of the containers
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in the form dilusiraindis figurads & high sreeddyel volpme cating aysis 440ds pl asma is a
cold cathqde, 3 f nbodi ment of the
coating s;}gte%h%gg?ﬁg@ﬁ%@?g%@{saﬁPP%S?@P g aﬁ%ﬁlﬁéﬁﬁgn . A high speed,
hi gh vol ume cdadrigmgjc syxie darrdOodtmg. Thisdigivspebdrhigloadlumg spdteradid@ icont ai ner
bodies with a c%%-cont ai ni P}g i norgani.c oxide barrier colatitﬁg. Thi s high
speed, high vd¥ V&Y EnioApplY the syReeqniinshWR s samegn gty A hE same

coatings w th shhe (3RMF plRtie bohiderls Qs WiB the §¥Rnt YROicAbIyRka kg we@Nt ai ners as
wth the system previously described with
reference to Figure 1. This high speed, high volume system 400 operates
20  under substantially the same parameters as the system described in PCT WO
98/40531, with the coating system modified as described herein. Generally
described, the high speed, high volume coating system 400 comprises a
continuous and automatic container feeder 410 for delivering plastic
container bodies, such as PET bottles, to a vacuum cell 430 which houses a
25  continuous and automatic conveyor 450 and an evaporator system 440,
which serves as the source of coating vapor. An optional polymer coating
sub-system 420 is shown incorporated into the coating system, when the
carbon-containing inorganic oxide barrier coating serves as a pre-treatment,
post-treatment, or both pre- and post-treatment coating for a polymer coating.
30 Container Feeder
The container feeder 410 can be a rotary system which continuously
and automatically supplies uncoated plastic container bodies from a source of
plastic container bodies to the continuous and automatic conveyor 424 of

standard coating sub-system 420, or if the polymer coating sub-system 420 is
21



reference to Figure 1. This high speed, high volune system 400 operates 20
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bodies fromthe conveyor 424 of polyner coating sub-system 420 or fromthe

conveyor 450 icasiather fagdenAOuind ensionallyay theraterfage betwieen thetrontagwr ed pl astic
cont ai ner bodi | | i em 400 such as a
10 beverage pat%idglé?}]ga\*d?tﬁgiab&glggg%%fgg%%gsg%%ﬁ6%@?&1 efggﬂﬁ de%h’used to
facilitate mainterkhecdcadted plasticaoutainer bodibear¢ @apped andlskaldB@itat its

interface with the container feeder 410, and optionally at the interface
bet ween t Heé c&ﬁPSa‘PSh%FaPPP’é%VoFéPPIE&Ge‘&ﬁ%la‘%%@e’bBWWrﬁh’ e@&a%tp%aeéwob%%t em 420

when i ncl uded u.Fig i SRR R ER'LA 4906t BbivREr Bthe suBtRugupgd and seal ed

with 15 caps by capper or cappi ng device partially evacuated
bef ore bei ng Theaappfnctesh torsea thdthreaded fimsh of the486tagrer pody/frem thoat i ng
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conveyor 450 or 424, and to control the pressure inside the container body.
20  The caps fit tightly over the threaded opening or fitment of the plastic
container bodies and may contain a ferrous metal element so that the plastic
container bodies can be magnetically carried by the conveyor 424 or 450.
Desirably, the plastic container bodies contain enough air while traveling
through the vacuum cell 430 so that the container bodies are pressurized
25  compared to the surrounding environment inside the vacuum cell. Suitable
container feeders are described, for example, in PCT WO 98/40531.
Vacuum Cell
The barrier coating process occurs in the vacuum cell 430. The
vacuum cell 430 includes a vacuum cell housing in which a very high
30  vacuum is maintained, and the evaporator system 440. Desirably, the coating
process is run inside the vacuum cell housing at a pressure within the range
from about 1 x 10™* mbar to about 50 x 10 mbar , and more preferably from
about 2 x 10™ mbar to about 10 x 10 mbar. One or more diffusion or
vacuum pumps are used to maintain the desired vacuum in the vacuum cell
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coating vapors, to provide a nmethod for attaching the container bodies to
the conveyor 450 or 424, and to control the pressure inside the container
body. 20 wbe2osgas2fit tightly over the threaded openi ng orcCfriusoene2of t he
pl astic container bodies and may contain a ferrous netal elenment so that

the plastic container bodies can be magnetically carried by the conveyor
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t he cont ai ner chagtrater $ystenuddD, st ¢hat tetcongeyopdS emsed thatplastic vorgainer t he vacuum
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cell. In one na
slidably rmun?’Q 125 PROVG tha FPLing YERTAPISS: | ongi t udi nal |y t hrough the vacuum

cell, and a plural ifhy ofd efIBHHREALC tHeRBAVYOE frarh® fhidsdR chdledh@obBnveyor frame
i's nounted above the coating vapor source, i.e. evaporator system 440, so

that the convdgan o480yt eantainer thedis axarithe eastingivapar sowrgd feus timesyve t he
coating v enbodi

endl ess dggglr é‘% 9“1%3’%@ EhIS g@ﬁ%’]@thf ﬁgn%lggﬁg?tdﬁeeswﬁgg ﬁ%\s{‘%é@%% %H%)gg %‘% % imrslga\r/]apor
source four tiafA®@swice Wththe Bettorhd &f the Corithitlesbodiestfiéing thetcantigy vapeti es faci ng
the coating vapor source and twice with the bottons of the container bodies
facing the coa&Pwisg Vhpsides of the container bodies face the coating vapor source when
traveling along an outer, lower loop and the bottoms of the container bodies
face the coating vapor source when the container bodies are transported
20  along an inner, upper loop. Along the outer loop, the rail is angled upwardly
and inwardly to orient the container bodies to slightly upwardly and inwardly
so that the sides of the container bodies face the coating vapor source. Along
the inner loop, the rail is oriented vertically so that the container bodies are
oriented substantially vertically with the bottoms of the container bodies
25  facing the coating vapor source. The container holder can include a magnet
which draws and holds the caps placed on the threaded ends or fitments of
the plastic container bodies. This magnetic force holds the container bodies
to the container holders throughout the coating process. The container holder
rotates the container bodies constantly while conveying the container bodies
30  through the container housing. Suitable conveyors are described, for
example, in PCT WO 98/40531.

Evaporator System

The evaporator system 440 provides the coating vapor for the main

coating. For example, it may comprise three or four evaporators in series
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create a plasma vapor, which is emitted through an opening in the housing.

20  The coating angle of the plasma vapor emitted by the evaporators preferably
is 30 to 60 °, and the distance between the evaporators and the container
bodies preferably is 0.5 to 2 m. A dust shield preferably is include above the
evaporators to protect the evaporators from coating particles that do not
adhere to the container bodies.

25 Polymer Coating Subsystem

The polymer coating sub-system 420 can be incorporated into the
coating system 400. It is used as pre-treatment, post-treatment, or both pre-
treatment and post-treatment coating for the carbon-containing inorganic
oxide barrier. The polymer coating sub-system can essentially be any known

30 process for coating plastic containers, but preferably is one of the polymer
coating process described herein.

The polymer coating sub-system 420 is shown integrated into the
coating system 400 between the container feeder 410 and the vacuum cell
430. In an alternative embodiment, however, the polymer coating sub-
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for exanple between 1200 and 1800 C. Silicon, for exanple, is heated in a
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apply a 5 polyner |ayer over the carbon-containing inorganic_oxide barrier
coating |ayer on tGrnerdydesssibed thoplasticrontainer badies pre copted Wikkannent use) .

I n one enbodi -1 he: r ]ﬁuflg- the evaporator
system 440 ar SR ((g:}gzr%{: ?glgg\%’%{ msug}?gﬁtéﬁg e va?:‘ﬁﬁ%@goﬁ%gﬁggg?%{i Zze a conmon
conveyor t hr ougtonbmichlly fel qeatiyweislyaoalid viguamaell 430 gathi the cadinerg 10
processes. QOperation of High eed,, Hi.gh, Vol une atin tem Generally
descri bed 15t hefe?ﬂeaéw,e%wn&tﬁgvorﬁ%}a?ré@qaqséhreg%hé‘év\m %ﬁf‘”}t Hgani ¢ oxi de

coating such agnsd 'fﬁs)o&verftﬁeeﬂa &aﬁ?ﬁx#ﬁqmmhdﬁ%ﬁe cBattpmatical Iy and

continuously to the vacuum ce 430 cont ai ner
container bodies from the vacuum cell with the container feeder. First, the

evaporator receptacles are loaded with a vaporizable inorganic material, such
as silicon, and the air in the vacuum cell 430 is evacuated to a pressure of

20  about 2 x 10 mbar, and process gases, €.g., oxygen, are fed into the vacuum
cell 430 through appropriate gas inlets.

Uncoated plastic container bodies are supplied to the container feeder
410 from a source, such as a plastic container blow molding line. The
uncoated container bodies are transports to the conveyor 450 and capped

25  with magnetic venting caps, which allow the container bodies to remain
slightly pressurized in the high vacuum environment of the vacuum cell 430.
The container holders of the conveyor 450 magnetically attach to the
container body caps and carry the container bodies back and forth four times
through the coating housing over the evaporators in the vacuum cell 430.

30  The silicon (and/or other organic materials) in the evaporator receptacles is
heated by the resistance heaters and the evaporators and the associated cold
cathodes, to create a plasma vapor comprising evaporated silicon and small
amounts of evaporated metal additives such as zinc, copper, or magnesium,
which are evaporated from the cold cathodes themselves. As the container
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15 feeder 410, conveying the container bodies through the vacuumcell wth
the conveyor 450 over the evaporator systemand w thdraw ng the coated
cont ai nerwioadioe®3t rom t he vacuum cell with the contai ner fPeade2/13624st, the
evaporator receptacles are | oaded with a vaporizable inorganic material,
such as silicon, and the air in the vacuumcell 430 is evacuated to a
pressure of 20odisspasspvrr the4vaneastor sysgmpAdk hesngjerdaddn the plasmaovapgen, are fed
into the vacu S . I ted plastic
cont ai ner bod| osgtrgé)glgﬁ %t%#%%ﬁ%%%%%ng%%rbgﬁggéﬂ Feta%ff@# rctggna source,
such as a pl asdxygemﬁnheatmng hbﬁnmgmlfdhmgtlhxhnmrablamorgmman&@lcmngal ner

bodi es are trans orts,to t e co veyor 450 and ged 2}? Vgl]_th magneti c
venting caps, SRHPER éll“l’ross}br ﬁ?‘é}tﬂé‘? 8H'Fe ORethe threadedng | y

pressuri Ze‘é LA %@Méﬁ&t&f@a@mgﬁ&?%a{fes fefavéhﬁtmmarap%ﬁings ¢30. The
cont ai ner hol ders f the conveyor 450 nmagnetically attach to the container
body caps and fusenty unbeateh r érrfeur fassts dwobglothe aaciiuioealhatftheir ti nmes  t hr ough

t he coating housi n over the evaporators in vacuum cel,l 430. 30 The
silicon (and/ SPPEP 8tre oélleﬂtﬁﬂ?‘&s ﬁﬁ’cé’ﬁaélch)‘taﬁnﬁr ?@eseaﬂfﬁg%%ﬁ%%her eceptacles is
heat ed by the dogainkt feaer 419tk sorddo bitRh&\copadydt Afwtardy) tortdiemplsci at ed

cold cathodes, to create a _plasnma vapor conprising evaporated silicon and
smal | ampunt deveragspaskaging Hineratherein theicontpd sontaimrrszae a4 least partipler | or

nmagnesi umy | el ves. As the
cont ai ner Oz\é\%ﬁd@ %%Q%%%EW%BE?%%%h%gm%?%ggﬁBglagﬁgfhe evapor at or
system 440, tlhobosomt erial in the plasma vapor deposits on the exterior
surface of the cgntainer bodies and reacts with the oxygen in the coating
housi ng to forYn Be&¥IBE qurabl e i norganic oxide coating on the exterior
surface of the COntﬁerégﬁte@gﬁ'sﬁ@con-wﬁerﬁ@%UBEH hdieintadt patledardy openi ngs or
fitments of the container bodies | eave the threaded openings or fitnents
uncoat ed. Af t esnitdble forpecyshng, for exagiple themicat auphysisil reeyclmﬁenetlacpbr opri ate
orient atl A{V oat %E ﬁ%nt |ner;l tbo |eselgrrg cf L % eléle tBnt ai ner

f eeder 41 68 EEY o "ifSE gsnde % PO AR E?gl b 9’1 rI}p %, a bever age

packagi ng | l Nehlastib 8b&les iRRed RRr@Yc QN U BenRbtingis@cddptdbiafl fguar tial ly 10
filled with a beverewge and then seal ed such as with a screwon plastic

closure. V. REep@Ertag thereforwilbaotaduersely: atfent thy neeycling 65ferts Wden herein are

particularly ground or depolymerized in the recycling processes. Because relatively small

particles are used in the coating, a haze in the finally produced recycled

20  product can be avoided. Further, the coatings are all removable when
washed with hot caustic, which is a common method of recycling plastics.
While the coated containers can be used in recycling many types of plastic, it
is contemplated that the coated containers can be used with plastic articles,
such as containers or bottles and more particularly, with plastic beverage

25  Dbottles. Separation of coated and uncoated plastics advantageously is not
required with the coated containers described herein. Bottle-to-bottle
recycling is possible.

Those skilled in the art will recognize, or be able to ascertain using no

more than routine experimentation, many equivalents to the specific

30 embodiments of the invention described herein. The references cited herein

are hereby incorporated by reference.
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suitable for recycling, for exanple chem cal or physical recycling nethods.
15 Advant ageously, the coating materials are inert and remain solid when
the pl astwo chosg2Be is nelted for recycling. The coating i ecansepimbi e for
food contact and therefore will not adversely affect the recycling efforts
when ground or depolynerized in the recycling processes. Because
relatively smEICLABYticles are used in the coating, a haze in the finally
produced recycled 20 product can be avoided. Further, the coatings are all
renovabl e when washed wi_.th hot caustjc, which.is a common net hod of
recycling plastics SYSgip ¥ ip n%%&?aéﬂiéﬁﬁ{céioﬂ@i@reﬁﬁe?%l%@d in recycling
many types ofbaplia@sthiesystérh comprisiagit enpl at ed t hat the coated containers can
be used with plastic artj , C i ne 1o and nore
particularly, with pl asatYa%{“‘grgl\?glrlg @B?go%ﬁ%’?ﬁ%g%& %eﬁlocar ab\?%}%lhg ® coated and
uncoat ed pl astacegmael;ant ageously is not required with the coated

containers described hej @G orBQbhdirky dolrdeidpoSed ih8RYFAlE defl fROSSI bl e. Those
skilled in the art will recognize, be able to ascertain ysing no nore

or
than routine SSRPYHIEASORERS ¥HPOT Hadfyexteraprhauriach of a Ragtieorigmer faxingg
enmbodi ment s ain ihfegiot Volmk iafd pekitsiicd Meichi thediabuunt Bell, viiepdigieas cited herein
are hereby incorporated by reference. 26 WD 02/088232 PCT/ US02/ 12624 WE
CLAIM 1. A gﬁ?fg?ﬁ? 1n %Fﬁegcoéngbsgf'ed pl astic contai ner possessing a gas
barrier, the system conpri siangvaporatac forireatelg and @paguiratingf anmorgasicni ng a

vacuum wi thin the . ﬁlﬁé}l}ﬁmeﬁgf {orfordh t eecggﬁlg)v oﬁ%ﬂﬁi ng source disposed in the
p gV 0’a

vacuum cel | for sup I'ng a coatin apao n_external surface of a

pl astic container, having ameansden anergjang the copdngwPor IoofeEd ani t hin t he

vacuum cel |, wher gjjpsfdigndtt | east one coating source conprises: an

evaporator for heating and evaporati an ipnorganic coating material to
Seteeddp

formthe coating vapor ;P44 Mer T BREYIE I PT HEC BB%Eng vapor to
forma pl asngsesdnt ariftefior spaceofrhs viamdscdlpvhsteppdtyieasgonsf the nore process
tgﬁzes into anprwetsseéésgg issapc%gb%nggonga@nemé/ggs?um cell, wherein at |east one of
wherein the at least one coating source is arranged within the
vacuum cell such that the plasma reacts with at least one of the process gases
and a thin coating is deposited and bonded on the external surface of the
plastic container, the thin coating comprising carbon from the carbon-

containing gas and inorganic material from the inorganic coating material.

2. The system of claim 1, wherein the carbon-containing gas is a low-
molecular weight organic gas or a gas mixture which comprising a low-

molecular weight organic gas.

3. The system of claim 2, wherein the carbon-containing gas is selected
from the group consisting of acetylene, ethylene, ethane, and mixtures
thereof.

4. The system of claim 3, wherein the carbon-containing gas comprises
acetylene.

5. The system of claim 1, wherein at least one of said one or more
process gases is selected from the group consisting of oxygen, nitrogen,
sulfur, and halogens.
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process gases is a carbon-containing gas; wherein the at | east one coating
source is arranged within the vacuumcell such that the plasma reacts with
at | east woe20$828he process gases and a thin coating is sepasit/ed2and
bonded on the external surface of the plastic container, the thin coating
conprising carbon fromthe carbon- containing gas and inorganic materi al
fromthe inor8ani cTBWSF%OE@IWi,awher?ntmowéﬁmgw&nﬁm, wherein the
car bon- cont ai gdleeddR6mithe grolip'8bnsiBbing ©BkititonVehd4ls, Mt @aMbmatiass Or a gas

m xt ure which_conprising a | ow nolecul ar weight organic gas. 3. The system
of claim 2, \AH%?Feg)?'n the carbon-containing gas is selected fromthe group
consi sting of acetylene, ethylene, ethane, and m xtures thereof. 4. The
system of cl aflm 3, Théeysennof ¢iginc &rwiteneia g4t @na onmogasroceasgaseses acet yl ene.
5. The syst emcc?éx}()ﬁ | ol %eﬁa\ﬁ@?ﬂeeihgr %ic!n? d5lal ?&@e(ﬁfxin%@l\t% O(Q)?np%rses € process
gases is selecte sferorﬁ' e group consi S ng of ~oxyden, gmtrogen, sul fur,
and hal ogens. im@7gan® @ad€988232 PCT/ US02/ 12624 6. The system of claim1,
wherein the inorganic coating material is selected fromthe group

consi sting of gsili : [ j : /1. The system of
claimi, whergi n sgﬁ‘gs}g@ glta‘#o??@q%‘%g%gg@%g‘%g@” C%%ﬁ{’&re@étgrs&oxygen and the

i nor gani ¢ mat eemprisep g maid and ithe inerganis @xidsips metd oxide. i nor gani ¢ oxi de. 8.
The system of claim 7, wherein the inorganic coating material conprises a

metal and theginor gﬁé‘%jy%téﬁi(i)fjﬁaih?&awﬁg?éiﬁItheQﬁEtQ?oxi@c is HiEmivat gquef claims,
e de 10. Th

wherein the netal oxi I's al um num oxi de. ) e systemof claim8,
wherein the netal oxide is an oxide of a quadra-valent netal. 11. The
system of cl al®h 10Thewwstem of ¢lpim Gurakprein vha aefel opddeds anoxidaefi um 12, The
system of cl agmdfa-viB&eétal. t he i norgani c oxi de conprises an oxide of
silicon. 13. The systemof claim7, wherein the thin coating is a

colorless, transparent oxide coating. . o
11. " The system of claim 10, wherein the quadra-valent metal is titanium.

12.  The system of claim 7, wherein the inorganic oxide comprises an

oxide of silicon.

13.  The system of claim 7, wherein the thin coating is a colorless,
transparent oxide coating.

14.  The system of claim 1, wherein at least one of the process gases is a
reactive gas which, in combination with the inorganic coating material,
results in the thin coating being colored.

15.  The system of claim 1, wherein at least one of said one or more
process gases is selected from the group consisting of argon, xenon, neon,
krypton, and helium.

16.  The system of claim 1, further comprising a container feeder for
supplying a plurality of plastic containers into and withdrawing coated plastic

containers out from the vacuum cell.

17.  The system of claim 1, further comprising a conveyor within the
vacuum cell for conveying one or more of the containers through the vacuum

cell.
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14. The systemof claim1l, wherein at |east one of the process gases is a
reactive gas which, in conbination with the inorganic coating material,
results iwotohess2B2z n coati ng bei ng col ored. 15. The syst empofi/sozieed,
wherein at | east one of said one or nore process gases is selected from
the group consisting of argon, xenon, neon, krypton, and helium 16. The
system of cl alfn 1,T€¢J$ytst¢€r0@&afpﬂ,§vh¢gﬂaﬂmﬁﬂww PRERESOUFEST  suppl ying a
plurality of gmsides: containers into and withdraw ng coated plastic
containers out fromthe vac#?lllm cel.l .. 17. The systen%%{? claim1l1, further
conpri sing a conveyor wf tREIRIE Flectrically copnectad asapanads oL GOMANGIR or nore of
t he cont ai nerlgadthrpouidn dfitke inacganiv coathd mateHaNéhd?2/ 088232 PCT/ US02/ 12624
18. The system of clai ”%&a@éﬁéecﬁ F{édtapﬁleggftloglao%heo&%tiﬁgg{alte?ﬁl RoMECe
conprises: a crucible electricalTy connected as an anode foi containing at
| east a port i gucible fohat leasd pydialle vapsazingghereqaging glatergph andifogmmngdlie direct ed
at the porti oghafhgVRSor¢RBLIRMmamaterial in the crucible for at |east
partially vaporizing the coating material and form ng the coating vapor
into plasma. 19. The system of claim 1, wherein the cathode_ is vaporizable
to forma potdi onThs system efgdaimnly whepein thexathogpis waperizableto formiam 1, furt her
conpri sing a ssisy 8t @cbRin byying a polyner coating onto the thin
coating which conprises carbon and the inorganic coating naterial, for
applying a polynmer_coating between the external surface of the container
and the thin %%ati“ﬁge sasteEholcdaipy 1 dedhes spHpFsing A gubsystemnigr gRRYIBE @oat i ng
material, or palymbotdatingSntdehORiDERZZ which/ ddpprisd&r¥on ahll. théd system for

maki ng a coated plastic container possessi a gas_barrier . the system

Compr s ng: & PR SYAORAIACERT s ADRRIE AP A RO STy Beuum w thin  the

vacuum cel | ; attethelasitfacmef theicontzioat andghesthin cmtidg syhoshesbmprisehearbor st vacuum
and the inorganic coating material, or for both.
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cell for supplying a coating vapor to an external surface of a plastic
container, having an interior volune and positioned within the first vacuum
cel |, wheweim/osd2e2 at | east one mai n coating source conpri PETIUSANIBLAPOr at or
for heating and evaporating an inorganic coating material to formthe main
coating vapor; and a nmeans for energizing the main coating vapor to form a
mai n pl asma; dhe of skwem fefamakiing d sodted PlosiiIOPLMHGET PAESCHNNGBLE process gases
into an interpRfieSPRGYsteth cofpribingst vacuumcel |; and at |east one pol ymer

coating source disposed in a secong v u{t#n cel l. .cagabl e of .Hai ntaining a
vacuum for addi ng one HIShHIQFUMGS tqaﬂfg’ie mAIRfAHRE a YRTWM W ast i ¢

cont ai ner, pothtvhameadceM;t hi n the second vacuumcell, wherein the at | east

one pol ymer coaling Souf G, FRIRLLRGSAR SAENLAA% ihSRIEPURLLS! nd 2
pol ynerizabl e gas; and “a“nmeans Tor energr zi ng e polynerizabl'e gas to
forma pl asneelidonguppbiinga poitipgwepordd e extemel suallice af g plagiier ei n t he at | east

one main coat éo‘ﬁ@hiﬁéi‘?ﬁ%\g at?rlhiﬂfeEi%P%Qme%& Bbaibia vithif the/AStviRuGRl | such that

the main plasm react at | east one” of the process gases and a thin
mai n coati ng §edl. whprsHl the at lsat oBe FREHCOaHNE BRUICS COMRIISERd| r ect | y, onto the

pl astic container, the thin grdvapeant ifsthea@ipindsdvagoratife an MefGait ¢ coati ng
material; and WnereiB t he, at m*ar‘f coating source is arranged

east .one .pol 1
within the second SPAER&MALEL] %ostﬁgﬂtqm?lgtcﬂ%n PREAMSabl e free radical s
deposit and pol yneri ze to f ormeanstthr enepptingitire maiatcoating dipoett foymor

indirectly, onto a{{ﬂﬁin 12s44.c container, the thin polynmer coating being
distinct fromthe I'mmain coating. 22. The system of claim 21, wherein
the polynerizabl e gas cowmriness ganfeeds fof supplyAnganegIfnere psecess ni xt ur e

thereof. 23. Jh& ipiSdrEiMiedior Spadb OF th firWRAERIND céll@n@O! yrer i zabl e gas
conprises ethylene, acet%}gene,kﬁr a mxture thereof, 30 WD 02/088232

PCT/ US02/ 12624 24, TheAtd§ast ana rodympercoptingsougedlisnosed g seX¥hd gas f eed
further conprvaaesmaslliciible ¢fafaifiRined £dadhaaidrhddi@e@up of Aidsé Sti ng of argon,

;(gnon, neon, cog{ixgsto(}n p’olyr}r?érlolfll{g thgrﬁfiasg‘é égnltlz{irelesr, f)gs?trioen%]a within f s%c%%ﬁnt effective
vacuum cell, wherein the at least one polymer coating source comprises:
a second gas feed comprising a polymerizable gas; and
a means for energizing the polymerizable gas to form a
plasma comprising polymerizable free radicals;
wherein the at least one main coating source is arranged
within the first vacuum cell such that the main plasma reacts with at least one
of the process gases and a thin main coating is deposited and bonded, directly
or indirectly, onto the plastic container, the thin main coating comprising the
inorganic coating material; and
wherein the at least one polymer coating source is arranged
within the second vacuum cell such that the polymerizable free radicals
deposit and polymerize to form a thin polymer coating, directly or indirectly,
onto the plastic container, the thin polymer coating being distinct from the

thin main coating.

22.  The system of claim 21, wherein the polymerizable gas comprises an
olefin, a paraffin, or a mixture thereof.

23.  The system of claim 21, wherein the polymerizable gas comprises
ethylene, acetylene, or a mixture thereof.
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enhance the plasma of the polynerizable gas. 25. The system of claim 21,
wherein the polynerizable gas is energized by gas discharge in a direct
current eweakmss23tield. 26. A systemfor naking a coated pcastSoziment ai ner
possessing a gas barrier, the systemconprising: a first vacuum cell
capable of maintaining a vacuumw thin_  the vacuumcel|l; at |east one main
coating sour c&tdi spsatenhokakuny?l, stherein thgfpcand)gas fesd fathss) vi ng a coati ng
vapor to an exdmeprivet asiteftanesaéctéd Pbashd Group OOHsHIAG 0f afpou] X@oan i nterior
vol ume and positigr%ﬁ% V\flthi n tge.fi rstt vacuum cel | I)I/ﬁhgrei n the at | east
one main coat Ty’ Beheliimg, Apd guxturgs léqygoggplaqnoqmqug}‘.e CIVFHY and

evapor at i ng aenhangr thaplasma o6 theipodymaxizebleghs.t o f orm t he nmai n coati ng vapor;
and a neans for energizing the main coating vapor to form a main plasng;

one or nore f j N r . ggﬁ% into an
interior spaggss'of efﬂe(zs){’sfé%ls&b_\?%éﬁ%lmg@gﬁ??&gﬁg%rferﬁé@ggﬁ%ﬁggp yflrer coating
sour ce di spostigdsliseharge imal dirges cumentetaciricigdébl e of mai ntai ni ng a vacuum
for adding one or nore coatings of polynmer onto the plastic container

posi tioned w3din AQ?sggxgcfgﬂﬂanlg?{?%Hﬁ& fabtic %?%ixg%rrﬁogs}%&i%a gé‘saSt one pol ymer

coati ng source conpr [ Ter-evaporat or heat | nd evaporating a
vapori zabl e pRAere thetsystemcampsisiHgl yer coati ng vapor, the vaporizabl e

pol ymer bei ng evapor abl £fik0 dguumVafWdpani®stinhin®isindh vBQiHm G@ERMPOSI Ng;
wherein the at | east oqﬁ mai n coating source is arranged wthin the first
e

vacuum cel | sUEN?THYH “The nmain pl asma reacts with at |east one of the
process gases and a t hiat lemt onecaaihicogtingssotdmeaisipoed iankk fisndedpmdi rectly or

indirectly, o . i nt alner i i i ng conpri sing
the inorgani %tugfgéghﬁ)ﬁgl? Iﬁé% %?%tég;VE%BS%S%Q§SE rgdc_g?f?g%gtt% one pol yner
coating sour cepnitanery hayigah ingriohielutisand pogitionedakithimtiefitst vasghmt hat t he
pol ymer coating WaBRfn thE%EEE@%Héﬁﬁxi@éH&tiﬁgg&ﬁlfé Sorhftisk@r m a thin pol ynmer

coating, directly or indirectly, ontg t plasti'c container, the thin
pol ymer coating bei ng di sti n&eVapeigier defdheptingandes VapQating pyinorganic

coating material to form the main coating vapor; and
a means for energizing the main coating vapor to form
a main plasma;

one or more gas feeds for supplying one or more process
gases into an interior space of the first vacuum cell; and

at least one polymer coating source disposed in a second
vacuum cell capable of maintaining a vacuum, for adding one or more
coatings of polymer onto the plastic container positioned within the second
vacuum cell, wherein the at least one polymer coating source comprises a
melter-evaporator for heating and evaporating a vaporizable polymer to form
a polymer coating vapor, the vaporizable polymer being evaporable under
vacuum conditions without decomposing;

wherein the at least one main coating source is arranged
within the first vacuum cell such that the main plasma reacts with at least one
of the process gases and a thin main coating is deposited and bonded, directly
or indirectly, onto the plastic container, the thin main coating comprising the
inorganic coating material; and

wherein the at least one polymer coating source is arranged
within the second vacuum cell such that the polymer coating vapor
recondenses and deposits to form a thin polymer coating, directly or
indirectly, onto the plastic container, the thin polymer coating being distinct
from the thin main coating.
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WO 02/ 088232 PCT/ US02/ 12624 27. The systemof claim 21 or 26 wherein the
first vacuumcell and the second vacuumcell are different regions of the
sanme vacuwmoemd232 28. The system of claim 21 or 26, wher eiPaTIUS®2/13524

pol ymer coating is an undercoat deposited and bonded onto the external
surface of the plastic container prior tg application of the main coating
whi ch then i s2Tdepokbia watemef claigded 26rivhsrein dhehmsbydcgpmagtaad theof the thin

pol ymer coat i egendaculii@ch Yed differeht ekdhibPthe @ime Gacithitéedl. N t he thin pol yner
coating is a topcoat deposited and onded onto the exterior surface of the

thin main in 30. The aim 28 ein a second thin
pol ymer coatl% gTheo%(fﬁﬁm ‘ffé:ia/%?r?g d‘é( erSH‘ttg pﬂ’épgiﬂrﬁ FOALNE I ¥ hce of the
thin main coaindag:patsde@bsiteﬁhad bbidedt dntatheekteread airifaeg off thegdmtivi ched bet ween
e L POl YRR D Bl S SRERR O PRL IR 16081 RGr ot The

system of cl ai’m € vapori zab ner conprises
pol yol efin, aqudb@zestpélne e)aelmlsytfmmt@nmlymemqatmge thereof. 32. The
syst em of clai m 26, wherein the vaporizabl e polymer conprises

pol yet hyl ene. 33, TEySKE 8Dfh Al Sherlln EOnBERAPoRbGazt one of the

process gases is on-cont al ni n n nain coating
conpri si ng dapmh@msmdzm@@adﬁbwte%m%tqﬂ%gwéw of 8 thithmaigy st em of cl ai m
1, 22 or 33, agRei n the coated plastic container, when containing four
vol unes of carbon dioxide sealed in the interior volune, possesses a gas

barrier of at Ieast 1.25x the gas barrier of the plastic container wthout
the coating, then Hiesypemsficlings, whersm afech Ehlﬁh‘@y@éh?qaﬁ@gl%ont ai ns four

vol unes of cad eﬂtedlaﬂaIbdﬁde%ieﬂﬂt@dlelentehbesurfhbebfthe tMA kiR coatihgacA2/ 088232
PCT/ US02/ 126

5,..A net a . coat | asiic _cont ai ner
p0SSess| g aztaa@ﬁ%mp@}n cXpfiee N e EPCU P RS B AP BIDRE RAIg B pl ast i ¢
cont ai ner wi tdmdrih@secandithin pallyiner ¢dagingvacuum cel | mai ntaining a vacuumin
the vacuumcell, the plastic container havi ng an external surface; feeding

one or nore oce a i east _one of the
process gasegjlbel f\lsheqs gt%&bof??ﬁagon awﬁ ﬁyn%ﬁ]avgpoﬂzagle poiymer comprises a

polyolefin, a polyester, a polycarbonate or a mixture thereof.

32.  The system of claim 26, wherein the vaporizable polymer comprises
polyethylene.

33.  The system of claim 21 or 26, wherein at least one of the process
gases is a carbon-containing gas, such that the thin main coating comprising
carbon from the carbon-containing gas.

34.  The system of claim 1, 22 or 33, wherein the coated plastic container,
when containing four volumes of carbon dioxide sealed in the interior
volume, possesses a gas barrier of at least 1.25x the gas barrier of the plastic
container without the coating, when the plastic container without the coating

contains four volumes of carbon dioxide sealed in the interior volume.
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heati ng and evaporating an inorganic coating material with an evaporator
di sposed in the vacuumcell to forma coating vapor; energizing the coating
vapor to worozosspt asma; and renoving the coated pl astic eomtEoners2d rom t he
vacuumcell; wherein the plasnma reacts with at | east one of the process
gases and depgsits . a thin coatjng on the external surface of the plastic
cont ai ner, the-t hifndhad fsg @ CORtsd Plashp BRI ROSHRESIBE R183HDABAL Hieni ng
gas and i normgethobd compesihgl from the inorganic coating material. 36. The

met hod of claim 35, furt hﬁ{ corg)rli srsﬁj ng f eedi ng. a gl urali {lyt of the plastic
containers into the vadtfdti°CEI&?Pa§ & 8%%9‘89%3‘%% FUPTLS T cont ai ner

t hr ough one ovacnemeel osainiapnsg awaduum inlee varoummet gthe pla3Gc Vidtga¢r088232

PCT/ US02/ 126 24 vird/an &té?ﬁél@&ﬁageor maki ng a coated plastic container
possessing a gas barrier, the method conprising: positioning a plastic
contai ner within a vacUgediegpRe onTRere piLes gasewinfo fﬁﬁl"ﬁ‘i%?ﬂ al vacuumin

the vacuum cekhst oh&6f Ak pFdckss gaSdttiRinped carbtiivddithimng 8¥d;er nal surface; feeding
one Oor nore process gases..| nt o e vacuum cel | ; %{Id. evapor at| ng an

th ; eating .
i norgani c coating mat erfiinggqd,cvapora %ﬂb‘r"&f@l%ﬁo@%@a&“ ViR acuum cel |
to form a coadvaperatoadizsposed e thgi vacingn célétocfoahiangatwgpaapot;o form a first
plasma; feeding a pol yéﬁg{éﬁgg{h% cggé %\Q’&?ér {O%n}{%%ﬁlﬁmac% , energizing the
pol ynmeri zabl e gas to form© secon pl} s conprising’ pol ynmeri zable free
radi cal s; and renovi ng remevingikeepatsidadastic containgt fiem the vapunmecellacuum cel | ;

wherein the first pl as@hér&ﬁ%é;gl‘eﬁérﬁi‘re%&ts bWedsk QSR iepmBEQcess  gases and
deposits a thin main coating onto the plastic container, the thin main

coating conprgasesadidepesiasitincaptang off the extemahaurfase phtsindastigat i ng  materi al ,
and the pol yretatid)] the tHie Codtiagicemipsisihg eabbh Gofehe Batbph2siMindgPesi t  and

pol ynerize to forma.thin mer coating irecfly or indirectly, onto the
pl astic contd é?°r§?m8ﬁlaf%§9héfnﬁﬂ%8]§fgaﬁﬁfdof‘ﬁlég {nﬁfeﬁ‘gbol yner coating being
distinct fromthe thin nmain coating. 38. A nethod for naking a coated
pl astic cont @ter Tiesaehed oficlaing3s fultler comprisihg €eedirighosiuatingsf the Ng:

plastic containers into the vacuum cell, and conveying each plastic container

through one or more positions within the vacuum cell.
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positioning a plastic container within a vacuumcell, the vacuum cell

mai ntai ning a vacuumin the vacuumcell, the plastic container having an

ext ernal worckage32 f eedi ng one or nore process gases into taa/vsaziesed cel | ;

heating and evaporating an inorganic coating material with an evaporator

di sposed in the vacuumcell to forma first coating vapor; energizing the

first coatingvapoh methadformakineaceated piasts pRNAIAEK ROFIGSIPRLIEAY a pol yner to

forma secon(baelfp@;ihemetyapafmprtsh% poI yrrer bei ng evaporabl e under vacuum
conditions w thout decogﬁo& tio enovi t he coatﬁ , | astic
S

contai ner fromthe vaclif @E}Iﬁgapeﬁﬁl&cgptﬁm[eﬁglt AYRYUPRAE ith at |east
one of the pr\cacmxa colhgmintainthg adeposh irsthe vabium oell, theoplasticngntaitteo t he pl astic

cont ai ner, a%e%?e?ﬁdl@ﬁ’rfa&onp“ sing inorganic material fromthe
i norganic coa 'RG haterial, and the second coat i ng vapor recondenses and

forms a thin pol ymer cdaediRgonapraereipyocess gaserinietde Vocuughedl t he pl asti ¢
contai ner. 34 WO 02/ 08&%33n§%é4§9&/aﬂ£g6&ﬁno€g%mcm%ﬁ$ Bféﬁaﬂfntl@hﬁ' m 37 or

38, wherein the thin coat | ont o e external surface of

the plastic ﬁﬁ?%f?ﬁ?éflgp‘é%a%ﬂ@ﬁ’a?\‘fggfﬂfw fgﬂﬁlar?oﬁtb%%‘faﬁ’ﬁr’l s formed onto the

thin polynmer coating. A4nergldirg thetchatthgofapot @i formd 4 fmtpw;ma;\,her ein the thin

mai n coating is forrredfegd}ltlg g{;ﬁm%&ﬁ’w%‘l rtfléaggc e plastic container,
yner rme

and then the thin pol ont 0 %hin main coati ng.
41. The method of clai mndtgmm&lemomraeldergds torfpnnpobgqmrplml ng is

formed onto tdy [ at the thin nmain coating is
Wé)trﬁln% 2 riz361k ﬁr&g’racﬁ&’:ﬁg] ah8

sandw ched bet thin pol ymer coating and the second thin polyner
coating. 42. The net hodeBPViagihssoatedplasg coplpwerirpmdibe yecasm e of t he

]I?r Ofﬁss gases is a Car\ﬁlﬁﬁﬂelﬁ@ﬁﬁﬁq{sﬂplaﬁnﬂﬁlﬁctsSﬁ&ﬁtﬂéﬁ@ﬁoﬂeflﬂtﬁéﬁgcéﬁ% n fﬁa'([jl n]g
urt her corrpr|5| carbon from.the carb inin a met hod o

packaging a f’ﬁgé‘ CROSHS Aitin fain ﬁ%atglﬁé)ﬁ pasﬁ? N %‘P%ga’:f%%‘at ed plastic

cont ai ner nadnalnraoamgmodmxsmgvmdn’gamc heteral fronh thé imolrgano &@ting7, or 38, the

coated plastif,&Q tﬁd’}ﬁé SSQHR %deﬁe@rad&'aﬁsédrﬁ VA Hd S hsnPEpoQRYI NG an

interior surface erior
and polymerize to form a thin polymer coatmg, directly or indirectly, onto the

plastic container or on the main coating, the thin polymer coating being

distinct from the thin main coating.

38. A method for making a coated plastic container possessing a gas
barrier, the method comprising:

positioning a plastic container within a vacuum cell, the
vacuum cell maintaining a vacuum in the vacuum cell, the plastic container
having an external surface;

feeding one or more process gases into the vacuum cell;

heating and evaporating an inorganic coating material with an
evaporator disposed in the vacuum cell to form a first coating vapor;

energizing the first coating vapor to form a plasma,;

heating and evaporating a polymer to form a second coating
vapor, the polymer being evaporable under vacuum conditions without
decomposition; and

removing the coated plastic container from the vacuum cell;

wherein the plasma reacts with at least one of the process gases and

deposits a thin main coating onto the plastic container, the thin coating
comprising inorganic material from the inorganic coating material, and the
second coating vapor recondenses and forms a thin polymer coating, directly
or indirectly, onto the plastic container.
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and an external surface and a coating on the external surface conprising an
i norganic material and carbon, the coating providing a gas barrier; filling
at | east wopenss2en of the interior space of the coated plpagtiso2/cmed ai ner

wi th a beverage; and sealing the coated plastic container after the step of

filling. 44. A pagkage everage made in accordance with the nmethod of
claim43. 45.3% sy eé%?‘ﬁ%&@@?hg? ﬂég“ﬁ@m &Géhle iR Ssy st em f or
maki ng a coatfefm@l @b it extorhalisificeass theplastii donthiner,2thd then tR6thia filler for
filling the plastic.containers, Wwith.a beverage, and a sealer for sealing
the plastic CBRDSPRERS® KPRl ofiaht huf pBFHeT Bingg 35w 021 088232

PCT/ US02/ 12624 46. A nethod for naking a coated plastic container

possessi ng a 4fas bHrermethod dHeaimed hod3 & evhpreiis theghinpasn coatimgng a pl asti c

cont ai ner w tdj I i i N .2 vacuumin

t he vacuum ceéf]*r?e(ﬁ%ﬁégg#%ﬁélggrr{%ga&?onfg@ﬁﬁgﬁc%g_{agnﬁ%ta ggér?a Qgﬁ?f ace; heating
and evapor at i9dyra¢r copldneyia ferenedouta g thinmeain gpatifgt h an evaporat or di sposed
in the vacuumcell to forma coating vapor; energizing the coating vapor to

forma plasng, f eeﬁ{égﬁgg?&@faﬁ’iﬁf@%ﬁié?ﬁ N9 Ad thif Qlyfrﬂk'?c?(fkﬁ}gq@ cell; and

removi ng the coate I1c container fromthe vacuum ce wherein the
pl asma deposifeaned eme the thismainiceatingasychghalihe hin BRNGOAUNE Bur f ace of t he

pl astic cont ajaf@kichédeetivBénthe @ah b BoHtingian@ theebsta thansblier i nor gani c
coating materjial.. 47. The nmethod of claim 46, wherein the inorganic

material comfPPY®% a netal, silicon, or a nmixture thereof, and the thin
coating further conprising the netal, silicon, or a m xture thereof,
respectivel y.4248. THeeméethbédofcloiin 31 i 38, Mherdinsit bt onoofthe protgssf orm ng a thin

pol ynmer coating.onto.the plastic container,. the.thin. r coating being
G st not 1 r R SeRoRcalg e fscdah fih Bl naSuh C BRBTH on top ot the
t hi n i nor ganicomprisaigicapon (fion) theearhworcontamimnhgas. i nor gani ¢ coating and the
external surface of the

43. A method of packaging a beverage comprising the steps of:

providing a coated plastic container made in accordance with
the method of claim 35, 37, or 38, the coated plastic container comprising a
plastic container body having an interior surface defining an interior space
and an external surface and a coating on the external surface comprising an
inorganic material and carbon, the coating providing a gas barrier;

filling at least a portion of the interior space of the coated
plastic container with a beverage; and

sealing the coated plastic container after the step of filling.

44. A packaged beverage made in accordance with the method of

claim 43.

45. A system for packaging a beverage comprising:

a system for making a coated plastic container as in claim 1,
21, or 26;

a filler for filling the plastic containers with a beverage; and

a sealer for sealing the plastic containers after the step of
filling.
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container, or (iii) in both positions (i) and (ii). 49. A coated plastic
contai ner nmade according to the nethod of claim35, 37, 38, or 46. 36
WO 02/088232 PCT/US02/12624

46. A method for making a coated plastic container possessing a gas
barrier, the method comprising:

positioning a plastic container within a vacuum cell, the
vacuum cell maintaining a vacuum in the vacuum cell, the plastic container
having an external surface;

heating and evaporating an inorganic coating material with an
evaporator disposed in the vacuum cell to form a coating vapor;

energizing the coating vapor to form a plasma,

feeding a carbon-containing gas into the vacuum cell; and

removing the coated plastic container from the vacuum cell;

wherein the plasma deposits a thin inorganic coating on the
external surface of the plastic container, the thin coating comprising carbon

and the inorganic coating material.

47.  The method of claim 46, wherein the inorganic material comprises a
metal, silicon, or a mixture thereof, and the thin coating further comprising
the metal, silicon, or a mixture thereof, respectively.

48.  The method of claim 46, further comprising forming a thin polymer
coating onto the plastic container, the thin polymer coating being distinct
from the thin inorganic coating and positioned (i) on top of the thin inorganic
coating, (ii) between the thin inorganic coating and the external surface of the
container, or (iii) in both positions (i) and (ii).

49. A coated plastic container made according to the method of claim 35,
37, 38, or 46.
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