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TI TLE OF THE | NVENTI ON PLASTI C CONTAI NERS W TH AN EXTERNAL GAS BARRI ER %
COATI NG o JBd951REFERENCE TO RELATED Ammmmm]wm 10Thi s peRUsRAEINN IS a
continuation-in-part of U S. Patent Appl i al ‘No. 08/818, 342 flled
on March, 14 1997, the disclosure of which «qppbd cation is expressly

i ncor porat ed here| n by reference inits entirety. TECANI CAL HELD 15Thi st i
invention relates to pressurized plastic containers that have enhanced
barri er BEEBRORIIE RNNENEHONJs to provide said containers and to the
coatings. The enhanced barrier performance is obtained by application of

xii bi1 enhancebASBHECaNABVERS S ANTESTERNAT GRS R BRRRER CDIEFRRE, "Th <

invergion also relates to recycling of coated plastic containers and the
packagi ng of

CROSS REFERENCE TO RELATED APPLICATIONS

10 This application is a continuation-in-part of U.S. Patent Application Serial
No. 08/818,342 filed on March, 14 1997, the disclosure of which application is expressly
incorporated herein by reference in its entirety.

TECHNICAL FIELD

15 This invention relates to pressurized plastic containers that have enhanced barrier
performance and methods to provide said containers and to the coatings. The enhanced barrier
performance is obtained by application of inorganic coatings to the external surface of the
container. The coatings exhibit enhanced adhesion relative to prior art coatings. In addition,

this invention also relates to recycling of coated plastic containers and the packaging of
20  beverages in said container.

BACKGROUND OF THE INVENTION
Plastic containers currently comprise a large and growing segment of the food

and beverage industry. Plastic containers offer a number of advantages over traditional metal

25  and glass containers. They are lightweight, inexpensive, nonbreakable, transparent and easily

manufactured and handled. However, plastic containers have at least one significant drawback

that has limited their universal acceptance, especially in the more demanding food applications.

That drawback is that all plastic containers are more or less permeable to water, oxygern, carbon

dioxide, and other gases and vapors. In a number of applications, the permeation rates of

30 affordable plastics are great enough to significantly limit the shelf-life of the contained food or
beverage, or prevent the use of plastic containers altogether.

It has been recognized for some time 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 plastic containers. For

35 example, metallized potato chip bags have been commercially available for some time.

However, in a number of applications, the clarity of the package is of significant importance,

and for those applications metallized coatings are not acceptable. Obtaining durable glass-like

coatings on plastic containers without changing the appearance of the container has proven to be
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much more difficult.
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30 It is a further 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 pressurization, such as flexing and
stretching of the container, and to withstand denting of the container, without significant loss of
enhanced barrier properties.

35 An additional object of the present invention is to provide an externally coated
container which will avoid environmental stress cracking such as when the container comes into
contact with conveyor lubricants during filling and detergent, cleaners or solvents or similar
substances during its life cycle. Such lubricants can include 409™, Mean Green™ or other
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commercially available cleansers or lubricants, etc.
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significant physical distortion of the container.

It is a further object of the present invention to provide a system and method for
manufacturing a container whereby the aesthetic appeal of the container will be enhanced by
applying a colored inorganic layer that further contains visible-light absorbing species.

20 Yet another object of the present invention is to provide a coating for a container
with UV absorbing capabilities.

Still another object of the present invention is to provide a container with a
colored or clear coating which can easily be recycled without significant or abnormal
complications to existing recycling systems.

25 Another object of the present invention is to provide a system and method for
inexpensively manufacturing an externally coated container at high speed and high volume.

Yet another object of the present invention is to provide a method in which the
thickness and composition of the applied coating on a container can be rapidly and easily
determined and whereby process control and insurance of enhanced barrier performance can be

30 obtained.

A further object of the present invention is to provide a method to determine the
condition of the surface of a plastic container at least with regards to its suitability for applying
glass-like coatings.

Another object of the present invention is to provide a high gas barrier which

35  considerably increases the shelf life of the containers such as plastic bottles and to provide the
containers with good transparency so as not to affect the appearance of a clear plastic bottle.

Still another object of the present invention is to provide a container with
adequate durability and adhesion during working life, when the outer surface of the container is
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T

"THIS SHEET HAS BEEN |
! REPLACED




25Anot her object of the present invention is to provide a system and net hod
for inexpensively manufacturing an externally coated container at high
speed anckvgiﬁ}% %?I ume. Yet another object of the present invention.is to
provide a merfod in which the thickness and composition of PﬁTé”%B’BF%’éd
coating on a container can be rapidly afd easily determ ned and wher eby
process control and insurance of enhanced barrier performance can be |
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container is TH S SHEET S BEEN REELACED WO 93/ i%SBlPCTlUSQ 05293 6d
subj ect P28 RIARHC ORAIRTT FOMPLITHE 3 BRYIGIRIAINET body baying an qxlernal syfiace gud a.
scuf f i nggoadng ab thessxteraal (shfaceeofahgpéantainkrrbtiody comprispgan aiorganjc oxide and a glass-
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Ty a%he cgz?tln%vgog%%s a pressurized fluid sealed in the interior space at a pressure of 60 psig. This

invention also encompasses a method and system for making a coated plastic container
15 possessing a gas barrier, a method for recycling coated plastic containers, and a method and
system for packaging beverages sealed in plastic containers including a gas barrier coating.

More particularly, the coated plastic container of this invention is made by
depositing the coating on the exterior surface of the container body using vacuum vapor
deposition, desirably plasma-enhanced vacuum vapor deposition. The resulting coating is

20 desirably substantially homogeneous and amorphous and bonded either chemically or
physically, or both, 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 inorganic oxide and glass-forming metal

25  additive are preferably present in the coating in concentrations which are substantially constant
through the thickness of the coating. The resulting coating is therefore very durable.

Because of the high level of adhesion of the inorganic coating to the surface of
the plastic container of the present invention, a continuous coating is not essential. In other
words, even though the coating of the present invention may be non-continuous because of

30 scratches or fractures therein, for example, the coating will continue to effectively adhere to the
substrate such as an underlying plastic bottle. The present invention can therefore provide an
effective gas barrier even if the surface is highly fractured. A high gas barrier of 1.25x greater
than the uncoated container can be obtained with the present invention and this barrier can even
be 1.5x or preferably 2x greater than the uncoated container even when the coated container

35  contains a pressurized fluid such as a carbonated beverage. In addition, the coated container of
this invention has enhanced environmental stress crack resistance even when the container

contains a pressurized fluid. S
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The foregoing and ot her objects of this invention are fulfilled by
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Desirably, the system and nethod for nmaking coated plastic containers of
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35The recycling nethod of the present invention provides for a nethod of

recycling coated plastic which has results heretofore unattainable.
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partial schematic illustration of a systemfor coating plastic containers

35  Brief Description of Drawings
The present invention will be more readily understood from the detailed

description given hereinbelow and the accompanying drawings, which are given by way of
illustration only and thus are not limitative of the present invention, and wherein:



according to a first enbodinent of this invention wherein biasing energy is
used; Fig. lAis a partial schematic illustration showi ng the receptacle 3
and a suppl enental receptacle positioned on a support 19 useful in, the
embodi meMO 984053k rated in SFig.!; Fig. 1B is a partial schBGRfUSEs/05293
illustration of a coating systemsimlgy to Figure 1, but showing a

nodi fied formof the-coating chanber in accordance wth anot her enbodi nent
of this invention;Figi bis adArtia setiensdtievifnstation beasystera fior qvating plasticaerngainers and
bottl e-cappi.ng,10arrangepen r.e i Lok . . Fig. 2Bis a
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to insertion;, 15Fig. 2D is a cross-sectional viewsimlar to Figure 2C
aftef i d98rdion of the in- bottle antenna; Fig. 3 is a schematic
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el evation view of @oSYS{ &Mah Odle CAIBHE Y1 0 nl If:Bottler SiteN®d b Hdtile-chppifg
hori zontally while go,ttl es are continuously rotated; Fig. 5B is a sectional

vi eWOof artangeseent befopminsertppaf Be 8MgM ne V-V of Figure 5A;

Fig. 2B is a cross-sectional view of the in-bottle antenna and bottle-capping
arrangement of Figure 2A after insertion of the antenna;
Fig. 2C is a cross-sectional view showing a modified form of an in-bottle
antenna prior to insertion;
15 Fig. 2D is a cross-sectional view similar to Figure 2C after insertion of the in-
bottle antenna; '
Fig. 3 is a schematic illustration of a coating system in accordance with another
embodiment of the present invention using biasing energy;
Fig. 4 is a schematic illustration of the handling of bottles, holder, caps,
20 antennas, air-displacing collars of the present invention;
Fig. 5A is a partial elevation view of a system for conveying bottles first
vertically, then horizontally while bottles are continuously rotated;
Fig. 5B is a sectional view of the bottle bar taken along line V-V of Figure 5A;
Fig. 6A is a schematic illustration of bottles moving past plasma-making and
25  coating sources; '
Fig. 6B is a side sectional view taken along line VI-VI of Figure 6A;
Fig. 7 is a graph showing improvements in gas barrier factor with increasing
content of Zn or Cu;
Figs. 8A and 8B are a partial plan view of a high speed, high volume plastic
30 container coating system in accordance with still another embodiment of this invention with the
interior of the container feeder and vacuum cell exposed; |
Figs. 9A and 9B are a partial side elevation view of the coating system illustrated
in Figs. 8A and 8B with the evaporators and interior of the container body feeder exposed. The
conveyor is not shown in Fig. 9A and 9B;
35 Fig. 10 is a partial end elevation view exposing the interior of the vacuum cell;
Fig. 11 is a partial plan view of the vacuum cell housing port and feed wheel of
the coating system illustrated in Figs. 8A and 8B;
Fig. 12 is a partial sectional elevation view of the vacuum cell housing port and

feed wheel is illustrated in Fig. 11;
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be described. An uncoated container is referred to as a container body. hll% this container

body will generally be described with reference to a plastic bottle, any suitable container can be

treated by the method and system of the present invention. Accordingly, soft drink bottles of

various sizes, other food containers or any other suitable container can be treated using the

15  disclosed method and system.

COATING SYSTEMS USING BIASING ENERGY
Coating System
Figure 1 shows a source 1 used as typical evaporation and plasma-making
20  system for this present invention. A conventional, water-cooled cold cathode or electron gun 2
is used to convey energy to a conventional receptacle 3, which holds the coating material 4.
This receptacle 3 is constructed of a material suitable for melting and evaporating the particular
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
25  been found to be a suitable material. The receptacle 3 is supported from a receptacle holder 3,
which is water cooled or cooled by other methods.

A potential is connected across the cold cathode 2 and the receptacle 3, with the
cold cathode being at the negative (cathodic) pole and receptacle being at the positive (anodic)
pole, so that energy in the form of a stream of electrons can flow between the cold cathode and

30 the receptacle. By using these conventional components (i.e., cold cathode or electron gun 2
and receptacle 3), and by varying the position of the cold cathode 2 relative to the horizontal
surface of the receptacle 3, the proportion of energy available for plasma-making and
evaporation can be adjusted. For example, in position A, a large portion of the energy is
available for plasma-making, while in position B, almost all energy is used for evaporation and

35  hardly any plasma is formed. The degree of energy to the source 1 is adjusted by the voltage V
to give the particular deposition rate on the external bottle surface 6 which enables coating
material 4, after evaporation, to deposit and react completely (i.e., stoichiometrically) with the
gaseous substance 7 (or mixture of substances) introduced into the coating chamber 8, thus
ensuring that no significant amounts of unreacted gas can be occluded within the coating 9. For



Det ai | ed Description of the Preferred Enbodi nents Coatings with
good adhesion to a surface of a container, good gas barriers, and providing
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increase gas barrier. Such metals can be described as glass-forming metal additives because

they are known as additives for use in making glass. Suitable glass-forming metal additives



The plasnma generated in the vacuum cell can be a hi gh-energy plasng,
determ ned by position of cold cathode 2, voltage V, the distance between
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locating an antenna 11 inside the bottig¢ or container body 10 and
connecting it to an RF or HF source, can be used to energize the plasma.
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current to the receptacle 3 and/or 16 as described in U.S. Patent 5, 565,248, if so desired. Of

course, such wiring can be omitted. |

_ When the shield or plate 12 is used as a source, the degree of erosion can be
approximately controlled by adjusting distance D between receptacle 3 and cold cathode 2, and

35 by the degree of cooling applied to plate or shield 12 by the means for cooling 15. This means
for cooling 15 can cool one or both of the cold cathode and the plate or shield 12. Water cooling

or any other suitable cooling can be provided by this means for cooling 15. The other main
variable affecting erosion of plate 12 is the voltage V applied to the cold cathode 2, but this is
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at an embodiment which provides a very low cost operation, is compact (because preferred

30 location is beside a bottle blow molder), and is suitable for mass production (i.e. preferably
continuous rather than batch processing). '

In Figure 3, the sequence of operation of the present invention is illustrated.

Bottles or container bodies 10 will move through the various stages A through H. Initially, the
bottles are supplied via conveyor 39 to a loading/unloading station 40. The bottles or container

35  bodies 10 can be fed immediately from a forming machine 29 to the coating system. This
forming machine includes a blow molding machine, injection molding machine, extrusion
molding machine or any other known machine for forming container bodies or bottles 10. As

will be described below with reference to Figures 7A-7C, the surface of a PET bottle, for

example deteriorates over time. If the container bodies or bottles 10 are quickly coated after
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In order to avoid the need for switching off the evaporators or sources 1 during

short cycle pauses, provision can be made for swing covers or similar covers to collect coating

vapors during non-coating periods of the cycle. This will reduce the dust coating of the internal

coating cefl. Automatic function controls and automatic detection of malfunctioning evaporators
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35 embodiment illustrated in Fig 1 and function to seal the threaded finish of the container body 204
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209, and to control the pressure inside the container body. The caps 312 fit tightly over the
threaded opening or fitment of the plastic container bodies 204 and contain a ferrous metal
element so that the plastic container bodies can be magnetically carried by the conveyor 209.
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i ntroduced in the recycl t he coating of the present invention
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on a track 519 running along the bottom of the coating housing 409. The evaporators 510 can

thus be rolled out of the coating housing 409 when the coating housing is separated from the
vacuum cell port 221. This makes the evaporators 510 accessible for repair and maintenance.

The evaporators 510 are similar to the evaporator 1 used in the previously described

30  embodiment and illustrated in Fig. 1. The evaporators 510 in the high speed, high volume

system 200 operate under substantially the same parameters as the evaporator | in the previously

described embodiments. Each evaporator 510 includes a receptacle 524 containing a vaporizable

‘material, said receptacle being constructed of a suitable material, for example carbon when

evaporating silicon. Suitability of material for the receptacle 524 is primarily determined by

35  ability to withstand the required temperature to melt and evaporate the coating material and by its

inertness to the coating material. Each evaporator 510 includes a cold cathode 521 and the

receptacle is electrically connected as an anode. The cathode 521 desirably comprises brass or

magnesium, but also can be made of other components, preferably metals which are useful as

the glass-forming metal additives which vaporize and form part of the inorganic oxide coating on




varied in many ways. Such variations are not to be regarded as a departure
fromthe spirit and scope of the invention, and all such nodifications as
woul d be obvious to one skilled in the art are intended to be included

wit hin t o98a@ps3tof the following clains. WD 98/40531 PCPCUASS8/05293 293
36 CLAIMS WVE CLAIM ----- - - 1 .Asysggmfor naking a coated plastic
cont ai ner possessing a gas barrier, the system conprising: 5a vacuum cel
capabl e gf dFBianteaibodizg 264V Saitable wdditives ard\desvrdbedimreinhbove. The receptacle 524 is
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coating, _ . .
510 to protect the evaporators from coating particles which do not adhere to the container bodies

204, and is alternatively positionable in a lower position exposing the evaporators.

15 * The coating angle of the plasma vapor emitted by the evaporators 510 is desirably 30 to
60°, as described with the previous embodiment. The distance between the evaporators 510 and
the container bodies 204 is desirably 0.5 to 2m as with the previously described embodiment.

Operation of High Speed, High Volume Coating System
Generally described, the plastic container bodies 204 are coated with an inorganic oxide
20 coating such as silica by feeding the container bodies automatically and continuously to the
vacuum cell 206 with the container feeder 203, conveying the container bodies through the
vacuum cell with the conveyor 209 over the coating vapor source 212 and withdrawing the
coated container bodies from the vacuum cell with the container feeder.
More particularly, before the plastic container bodies 204 are coated with the high speed,
25  high volume system 200, the evaporator receptacles 527 are loaded with a vaporizable material
such as silicon and the air in the vacuum cell 206 is evacuated to a pressure of about 2 x 104
mbar. Oxygen is fed into the vacuum cell 206 through appropriate gas inlets )
Uncoated plastic container bodies 204 are supplied to the container feeder 203 from a
source 224 of container bodies such as a plastic container blow molding line. The uncoated
30 container bodies 204 are conveyed by the first screw conveyor 230 to the first exterior rotary
feeder 239 which transports the uncoated container bodies into individual ports 288 in the feed
wheel 236 through the exterior opening 203 in the vacuum cell port 221. The ports 288 are
evacuated as the uncoated container bodies 204 are transported by the feed wheel 236 to the first
interior rotary feeder 242. The first interior rotary feeder 242 grasps the uncoated container
35  bodies 204 and transports them to the conveyor 209.
The uncoated containers are capped with magnetic venting caps 312 with the capper 314.
The caps 312 allow the container bodies to remain slightly pressurized in the high vacuum

environment of the vacuum cell 206.



20when the containers wthout the coating contain a pressurized fluid
sealed in the interior space at a pressure of 60 psig. 2. The systemfor
maki ng a coated plastic container as in claiml1, wherein, while the vacuum
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The conveyor rail 454 first carries the container bodies 204 on a first pass over the
evaporators 510 with the sides of the container bodies facing the evaporators. The container
holders 457 constantly rotate the container bodies 204 throughout the conveying and coating
process. Next, the container holders 457 carry the container bodies 204 along one side of the
20  inner loop 451 on the conveyor rail 454 on a second pass over the evaporators 510. On the
second pass, the container holders 457 and container bodies 204 are vertically oriented with the
bottom of the container bodies facing the evaporators 510 to coat the bottom of the container
bodies. Next, the container holders 457 follow the conveyor rail 454 along the other side of the
inner loop 451 on a third pass over the evaporators 510. Like the second pass, the container
25  holders 457 and container bodies 204 are vertically oriented with the bottoms of the container
bodies facing the evaporators 510. On the fourth and last pass over the evaporators 510, the
container holders 457 follow the conveyor rail 454 along the other side of the outer loop 448.
On this fourth pass, the conveyor rail 454 reorients the container holders 457 and the container
bodies 204 so that the sides of the container bodies face the evaporators 510.
30 The coated container bodies 204 are then returned to the vertical position and grasped by
the arms 383 of the second interior rotary feeder 245. The second interior rotary feeder 245
transports the coated container bodies 204 to the ports 288 in the rotating feed wheel 236. The
feed wheel 236 transports the coated container bodies 204 to the second exterior container feeder
248 while air feed ports 311 repressurize the feed wheel ports 288. The second exterior rotary
35 feeder 248 grasps the coated container bodies from the ports 288 of the feed wheel 236 through
the exterior opening 300 and transport the coated container bodies 204 to the second screw
conveyor 233 which conveys the coated container bodies towards the beverage packaging line

227.



the at |east one source of coating vapor conprises a receptacle for
containing at least a portion of the at |east one source and a cold cathode
directed at the at | east one source for form ng plasma and vapori zing the
at | east weeosMpssice. 158. The system for neking a coated pl et 1/0S9BABIAI ner
as in claim7, wherein the cold cathodg,is vaporizable to forma portion of
the coating vapor. 9.The systemfor neking a coated plastic container as in
claim 8, wher ghg veRerage bacikaginpdite 22Tngani eas cdifvefiSonal Obeverage filling and 3€alinghe
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feed to fonwmirehe coati ng. 13. The system for meking a coated

plastic container as in claim1l, wherein the thin coating further conprises
a glass-formng netal additive. B TI-US SHEET ill AS E,' E REPLACED

10 RECYCLING
The coated containers of this invention described above are-particularly suitable
for recycling. This invention therefor encompasses a method for producing recycled content
plastic comprising the steps of providing a batch plastic, at least a portion of the batch plastic
comprising coated plastic containers, and converting the batch plastic to a form suitable for melt

15  extrusion. The coated plastic containers for recycling comprise a plastic container body having
an external surface and a coating on the external surface comprising an inorganic oxide. Two
suitable recycling processes are described in more detail below.

Figure 15 is a flow chart illustrating a physical recycling process. In recycling,
either physical recycling or chemical recycling are normally carried out for plastic containers. In

20  physical recycling, a batch of plastic is provided as indicated in step 100. While this plastic can
include a single type of item, it is contemplated that both coated and uncoated plastics will be
provided. In a conventional process indicated in step 102, these coated and uncoated plastics
must be separated. This can be a labor intensive step and will result in increased costs for
recycling.

25 With the instant invention, this separating step 102 can be avoided. In particular,
step 104 indicates mixing of coated and uncoated containers. While this step can certainly be
done at the recycling station, it is contemnplated that the actual mixing could take place prior to the
arrival of the plastic at the recycling station. For example, when the plastic is picked-up by a
refuse vehicle and taken to the recycling center, such mixing could then occur. An advantage of

30 the instant invention is that when plastic to be recycled is mixed with coated plastic being with
non-coated plastic, separation of these two plastics is unnecessary. In practice, this is, in fact,
impracticable. Accordingly, when introducing coated containers into the recycling steam, the
recycling process is unaffected.

As in a conventional process, the mixed plastics are ground into flakes in step

35 106. An optional step of washing the flakes 108 can be carried out. In fact, a washing step
could occur at many other times during the process.

After the step of washing 108, if it is carried out, or after the step of grinding
106, the ground flakes are melt extruded at step 110. A step of forming 112 then occurs which
merely indicates that something is done with the extrusion. For example, pellets, flakes or other



WO 98/ 40531PCT/ US98/ 05293 38 14. A method for meking a coated
pl astic contai ner possessing a gas barrier, the nmethod conprising the steps
of : feeding plastic container bodies into a vacuumcell while

t he vaculMPd8MPs3kai ntai ns a vacuum in the vacuum cell, the BITA498@5293

cont ai ner bodi es each having an externals surface and an interior surface
defining an interior space; conveying the plastic container bodies t%ou h
t he vacuuoenfigirkd plastics could be melt extuded gadhthen biayamolded ergajection meldedy ¢ W?gl
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3518. The rretl?)?d as in claim114, further conprising the step of formng the

coating v%%?(glr Tnto a hi gh-energy pl asna

Another benefit o the recycling process of the instant invention is that haziness in

the final recycled product is avoided. Because relatively small particles are used in the coating, a

25  haze in the finally produced recycled product can be avoided. Moreover, the coating is

acceptable for food contact and therefore will not adversely affect the recycling efforts when
ground or depolymerized in the recycling processes.

The plastic produced in either recycling process can be injection molded or blow

molded as noted above. Even if a coated plastic is initially introduced in the recycling process,

30 the coating of the present invention will not interfere with the downstream injection molding or

blow molding processes.
While the particular physical and chemical recycling have been discussed, it

should be appreciated that the instant invention can also be applied in other types of recycling

processes.

35 The invention being thus described, it will be obvious that the same may be
varied in many ways. Such variations are not to be regarded as a departure from the spirit and
scope of the invention, and all such modifications as would be obvious to one skilled in the art

are intended to be included within the scope of the following claims.
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as in claim14, further conprising the step of sealing the container bodies
so that the container bodies are sealed when in the vacuumcell to thereby
prevent avo98i4d83in_the interior space of the container bodiPeTNfS9805293

escapi ng. 520. The nethod as in claim19¢ wherein the container bodies are
sealed with a pressure in the interior space of the containers greater than
the pressure in the vacuumcell. CLAIMS 21. The nethod as in claim
14, V\herm step_of supplying coating vapor further conprises at |east
one of c y and physical Ty bonding the inorganic oxide to the

10ext ernal surface lof t Hesystam formeakingaceased plastic container possessipg @ g3 PABI as

in clai r’r}h'leﬂS stR&loal S;n%e at Ieast one source of coati ng vapor conprises a
recept ac ?'or contal ni'ng at lﬁSt a portion of the at |east onélsource and

the s¥ep of suppl ylarYSC‘i%ceéb‘é‘P? ¢ of maigaminga vacupm Wit thevaguum el oy a5t
one source W th a qWodtaliesFedied €or supplying plastic coa&lnefrwdrmnmmSmhdrengm

of 't he: coptiet BBt e GnrS P o BuPe vy i e o HoR Rt poBBSkack PO A
as in cl axmr&Bsurqueamlmmtcwoc&lréhceécffrm%altmmwswebrass 25. The net hod as

in claim 23, Wﬂere'a%&nbey&%ﬁmﬁ%@w&uﬁpaar freonvBgRe s plastRbedtaiher hatidsod
as in claim214, further cg&&rl sing the step of supplying at |east one gas
to ahOi ntiwengy theyaguye ¢ells cell, the at |east one gas supplied being

rs] e: ect ed fromthe g @apt &ﬁ%g&t«:id@ogﬁd iXhgedtuuii defldgesuppiyihg acoating vapor to

al oge .. The net , i ep
of suppl W‘hﬁf‘tf’wa Shiface 96 tk’ﬁaf)od&?lgffrrﬁbgo difs agqg%ﬁ(znﬁ%lgmﬁ)%ég & cowglt@rro b (E;ﬁﬁle
coating eacdumecabhnt ai ner. 28 The net hod as in claiml4,
wherein the step Oftgégégéisyn gﬁ‘egsc{up& ocfggﬁth@% leﬂfd thé C&R’@W@tﬂ% 4nﬁ5h§rah§&i

i norganic oxide is s in era I . 0. sdé t thin
met hdd agvitin gheayagpum, celiisuelz fhat ifﬁé%%%vwa OHgthFlﬁ %é&(’ft?o%?ﬂﬁe ROSIIS % thi
gl ass- f orghih Seihdlexadatl lshifise of the containers, the thin coating comprises an inorganic oxide

and bonds to the external surface of the container bodies, and the resulting coated plastic

containers, when containing a pressurized fluid sealed in the interior space at a pressure of 60
psig, possess a gas barrier of at least 1.25x the gas barrier of the containers without the coating,
20  when the containers without the coating contain a pressurized fluid sealed in the interior space at

a pressure of 60 psig.

2. The system for making a coated plastic container as in claim 1, wherein,

while the vacuum cell maintains a vacuum within the vacuum cell, the container feeder

25  continuously feeds the container bodies from outside the vacuum cell into the vacuum cell to the
conveyor, the conveyor continuously conveys the container bodies through the vacuum cell past

the at least one source, and the container feeder continuously retrieves the coated containers from

the conveyor and withdraws the coated containers from the vacuum cell.

30 3. The system for making a coated plastic container as in claim 1, further
comprising means for rotating the container bodies while the container bodies are conveyed

through the vacuum cell.

4. The system for making a coated plastic container as in claim 2, wherein
35  the container bodies each have a bottom and sides and the conveyor is capable of orienting the
plastic container bodies relative to the at least one source of coating vapor to coat both the bottom

and sides of the container with the coating vapor.

S THIS SHEET HAS BEEN
REPLACED




30. The method as in claim?29, wherein the glass-formng netal additive
conprises My. [THI SSBEEN RE1"-.1..ACED . WD 98/ 40531PCT1US98105293 40
31. The nethod as in claim29, wherein the step of supplying the coating
vapor is WOrsddesdéd so that the glass-forming netal additivePGEUBABOSAY in
the coating in an ambunt from0.01 to 39% by wei ght based on Si and is

sel ected fromthe group consisting of Li, Na, K, 5 Rb, G, My, Ca, Sr, Ba,
Ti, Al, M, V, Cr,5Fe, The shitemor nﬁlung&ncoami plastid container as in claim 1,3prthqt e
rrethod as in.cla B § fdds
conduct etPREFIFRE 2 E’%}ﬁa%r f(}'m at:ﬁ@or?t&ﬁgr l?gdg%gﬁp LXA&&fB}&%E @@ﬂthl’ﬂgr R9a

rmn |ve|s resent t he hil
coati ng tmhanomltwahwhﬁf@hﬂ@ cQnvayer EWWSMIIQ' ity (94 3EBS (9R ergag! €’CaPSW e

33. The gr gg a?éohnh@kahmx%%omeraﬂma}@m inereontaisdUdydsnghild ehecaxtvienor
vapor i s con

ucted so tin eposited on the exterior surface
of the CUM&RP%W‘?GSHS?J‘{S’EE?I‘BCVE‘E ﬁ\%%&f’ B&H0sition, the coating is
substanti ally honbgeneous, the coating is anorphous, the coating has a

thi ckness and the nor gagl.q, ), AMANE OEP STLQ PRl daRfs furier

are present in the“coati n-concen are substantially
const ant itchrdingyieartsgor fﬂﬂ@%ﬁé be centing [yaperdato algh-ensgy RBFMani ¢ oxide is Si Ox,
and x is in the range of 1.7 to 2.0. 34. Acoated pl astic

cont ai ner conpri si ng: | asti.c cont i ner

ext et®al surface add an m’ﬁtsé!F‘PB’rf"éWthea PIATYSFOR ’?eﬁtaér“? g%"%ga{g@gregx{r:d
a coat i NgheOR idabiEorRsbarcs af cﬁmfnfga@ﬁomn’mrlses mgcmaalﬂﬁlrgamtﬂmll@@tdl@ﬂ ypertien Af

t he coated Iastlc cont ai | I n
the | nt et I€4SLRRe Surce Heo 4"” ?£e6c8fc%te'a A heba REESHY dobfied fB{)ar g e hgfh |

€SS g, possesses a gas of at
| east 1. 2bd vapeeizipesthbatleast pnosourdee cont ai ner WlthOUt t he coating, when the
contai ner without the coating contains a pressurized fluid sealed in 25the

interi or space at a ressure of 60 psi
15 P p The system for rr?aku?g a coated plastic container as in claim 7, wherein

the cold cathode is vaporizable to form a portion of the coating vapor.

9. The system for making a coated plastic container as in claim 8, wherein
the cold cathode comprises brass.

20
10.  The system for making a coated plastic container as in claim 8, wherein

the cold cathode comprises magnesium.

11.  The system for making a coated plastic container as in claim 1, further
25  comprising a gas feed for supplying at least one gas to an interior of the vacuum cell, the at least

one gas selected from the group consisting of oxygen, nitrogen, sulfur and halogens.

12.  The system for making a coated plastic container as in claim 1,-wherein
the conveyor and the at least one source of coating vapor are structured and arranged so that the
30  coating vapor reacts on the external surfaces of the container bodies with the gas supplied by the

gas feed to form the coating.

13.  The system for making a coated plastic container as in claim 1, wherein

the thin coating further comprises a glass-forming metal additive.

THIIS SK ﬁ:-"-x Hr\u BREN
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35. The plastic container as in claim34, wherein the coating is deposited
on the exterior surface of the container body using vacuum vapor

deposi tion. 3036. The plastic container as in claim34, wherein the coating
i s subst awDi9aMosp1 honbgeneous. 37. The plastic container as ipeTAISIBN5294,
wherein the coating is anorphous. 3538, The plastic container as in claim
34, wherein the coating further corrpn%%s a glass-formng netal additive.

FIT S SHEET HAS BERN RERLAGREN fofhad#ADocaldd pidddeBAhRne? podstssit 4 ssl%xﬁﬁi ic

container as in claim 38, wherein the coating has a thickness an
morgam‘é“'m}lfé‘cﬁﬁﬂ’“ﬁﬁé%%% ormng netal additive are present |n the
coating in concentfeallingnslasthu edntaiher bodiss dtbi alvhguunwresll awhild thicougduunheell

t hi k ' | ' , [
e Al R W VB 50 Ry IAFE 0 R 1 i
pl asts ¢ swfcaandsan intrionsusfage defBgng ahiatesionspages gI ass-forning netal addi tive

conprises M. 10 conveymg the plasﬁg co&ﬁﬁer@oﬁ%'ﬁﬁoﬁ%@bﬂﬁfunﬂ&ll‘ Bnd! @i m 40,
wherein the gl ass-for

81%‘ metal additiye is the coat1J
anount from 0. 01 t¥PBHIRSHY CRRHNEHYAPRL I SXtC alé a‘ies° ¢ Eontagey %‘ﬁ?
gr OUp Cchb'ilkzﬁﬁdrﬂb@dx@i allclc;oany,ed |fhro&h thevacuvien cellfrorbiat leBa ond souréd of ddapng/va;mr
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10  bodies and bond to the external surface of the container bodxes the thin coatmg comprising an

inorganic oxide; and
withdrawing the coated plastic containers out from the vacuum cell,
the steps of conveying the container bodies and supplying the coating vapor
conducted such that the resulting coated plastic containers, when containing a pressurized fluid
15  sealed in the interior space at a pressure of 60 psig, possess a gas barrier of at least 1.25x the gas
barrier of the containers without the coating, when the containers without the coating contain a

pressurized fluid sealed in the interior space at a pressure of 60 psig.

15. The method as in claim 14, wherein, while the vacuum cell maintains a
20  vacuum within the vacuum cell, the step of feeding includes continuously feeding the container
bodies from outside the vacuum cell into the vacuum cell to the conveyor, the step of conveying
includes continuously conveying the container bodies through the vacuum cell past the at least
one source, and the feeding step further includes continuously retrieving the coated containers
from the conveyor and withdrawing the coated containers from the vacuum cell.
25
16.  The method as in claim 14, wherein the step of conveying comprises

rotating the container bodies while the container bodies are conveyed through the vacuum cell.

17. The method as in claim 15, wherein the step of feeding comprises

30  automatically and continuously feeding the container bodies with a rotary feeder into the vacuum
cell to the conveyor from a source of container bodies outside the vacuum cell and automatically

and continuously retrieving the coated containers from the conveyor and transporting the coated

containers to a location outside the vacuum cell.

35 18.  The method as in claim 14, further comprising the step of forming the

coating vapor into a high-energy plasma.

| . THIS SHEET HAS BEEN
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additive is present_in the coating—+# an anount fromO0.01 to 15% by wei ght
based on Si. , 44. The plastic container as in.claim40, wherein
the coating is deposited on 20the exterior surface of the container body
usi ng vad@As/4a§por deposition, the coating is substantial | POTGIRYE%ESus,

the coating is anorphous, the coating ®ps a thickness and the inorganic

oxi de and the glass-fornmng netal additive are present in the coati ng in
concentrations whikth arBheoiethainas il ¢lgime dhsfuather compusing theestepiof ispaling e

the coatd fgindrHaled¥o qggf %%‘nﬁﬁnér%o@le%e 8fled whan i tllehﬁ’acruﬁﬂﬂ&lpfo thereblyO

2.0. 25 tic contalner as recited in claim44,
wher ei n mh‘emée\at”lthgl ‘llﬁwmss@a?eso fthe qantpipgnbodies from escaping.45  The pl astic
container as in claim34, wherein the i norganl c oxide coating 30f urt her

i ncl udes a pi gnent Ior| ng the extern ace of th

47. A method for (gduc @féﬂjd@ghf%ﬁla}‘eb‘l"é&l ©nEgIE &’ gles?\%gls é‘%é‘

of : pressure in thqantmod spage af thetcohtajriesssgreater than the gstssure pmhp iveenugt Cftlhe bat ch
pl astic conprising coated plastic containers, each coated plastic container
conprising a plastic container body having an 35internal surface defining

an interior space dhd ahbesiegiadas 18 lamdd. yheren HEHIAR] YRPIS Rtigg yapor

sur face ﬁ?t'fl@féo?hﬁl&eélﬁt leaﬂrcﬁnémf@hmﬂcﬂﬂy a HE Eﬁiddlllyg)dnﬁﬁl ghhé ddorgdnisbxide tothe
formsuitable for %e extru5| o TH'S S T HAS BEEN REPLACED WO
98/ 41@531517‘@7‘@%@?‘5’5‘59 GONIHRETRO leﬁet hod as in claima47, wherein the step of

converting conprises grlndlng the batch plastic to produce fl akes and

melting the fl ake B@n?etﬂ?dnls ﬁf(éllifﬁg‘"i‘@ | \?/hér%ﬁxy ﬁleeﬂ lcpclsf"ﬁﬂé Sourcé 3f dHfing

nmet hod as in clal ere n € converting
vapor comprises a receptacle for containing at least a portxon of the at least one source and the

step of supplying the coating vapor comprises vaporizing the at least one source with a cold
15 cathode.

23.  The method as in claim 22, wherein the step of vaporizing includes

vaporizing at least a portion of the cold cathode to form a portion of the coating vapor.
20 24.  The method as in claim 23, wherein the cold cathode comprises brass.

25. The method as in claim 23, wherein the cold cathode comprises .

magnesium.

25 26. The method as in claim 14, further comprising the step of supplying at
least one gas to an interior of the vacuum cell, the at least one gas supplied being selected from
the group consisting of oxygen, nitrogen, sulfur and halogens.

27. The method as in claim 14, wherein the step of supplying includes
30 vaporizing a component which imparts color to the coating on the container.

28.  The method as in claim 14, wherein the step of supplying the coating
vapor is conducted so that the inorganic oxide is SiOx and x is in the range of 1.7 to 2.0.

35 29.  The method as in claim 14, wherein the thin coating further comprises a

glass-forming metal additive.

30. The method as in claim 29, wherein the glass-forming metal additive

e ——

comprises Mg. _ . '. ' e —




depol yneri zi ng the—batch_plastic and re-pol yneri Zi ng sai d depol yneri zed
batch plastic to forma nelt extrudabl e recycled plastic. 50. The nethod as

in claim47, wheréin the inorganic oxide is silica. 10 _ ., 51. The
met hod asvons/edsai m 47, wherein the inorganic wade is Si Ox 0d/US98/05298 t he
range of 1.7 to 2.0. 52. e nmethod as in claim47, wherein
the coating thickness is 10-100 nm—15 53. A nethod of
packagi ng a beverage conprising the steps of: provi ding a

coated plastic congpl nei L% &PA fIRRSS! GnGRI dle\Eep 6P WRIdIsihR todlchthtp! | ©
cont ai ner body havihg an Tnterior surtace-derining an- nterror Space and an
ext er nal vaper fsaveduntetl s thatahe glgssoiorming motaladdisive iy presenbindberpeating ig agamount

| norgan ﬁo%.ﬁf’to 40% b§ Wi BaxtARNBi ladll NosefectASrdiAKd @oup tbhdidting Jfig, Wh,ast i C
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wherein e step of g conprises sealing the beverage under pressure
in tH: coated container. 56.The method as in claimb55 further conprising
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using vacuum vapor deposition, the coating is substantially homogeneous, the coating is
amorphous, the coating has a thickness and the inorganic oxide and the glass-forming metal

15  additive are present in the coating in concentrations which are substantially constant through the

thickness of the coating, the inorganic oxide is SiOx, and x is in the range of 1.7 to 2.0.

34, A coated plastic container comprising:
a plastic container body having an external surface and an interior surface
20  defining an interior space; and
a coating on the external surface comprising an inorganic oxide, wherein the
coated plastic container, when containing a pressurized fluid sealed in the interior space at a
pressure of 60 psig, possesses a gas barrier of at least 1.25x the gas barrier of the container
without the coating, when the container without the coating contains a pressurized fluid sealed in

25  the interior space at a pressure of 60 psig.

35.  The plastic container as in claim 34, wherein the coating is deposited on

the exterior surface of the container body using vacuum vapor deposition.

30 36.  The plastic container as in claim 34, wherein the coating is substantially
homogeneous.
37.  The plastic container as in claim 34, wherein the coating is amorphous.
35 38. The plastic container as in claim 34, wherein the coating further

comprises a glass-forming metal additive.
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43 57. The nethod as in claim54 wherein the step of providing
conpri ses the steps of: feeding a plurality of the plastic
contai ner bodies into a vacuumcell while the vacuumcell nmintains a
vacuum i nWors/4sduum cel |, the plastic contai ner bodi es eacRCRAISH8Ia5293
Sexternal surface and an interior surfage defining an interior space,
conveying the plastic container bodies through the vacuumcell; and
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contain a pressurized fluid sealed in the interior space at a pressure of
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t he i)l astrc containers with a beverage; and a sealer for sealing the

pl ast¥c containers after the step of filling. TH S SHEET HAS BEEN REPLACED
WO 98/ 40531PCT1US9@B052%he plastic container as in claim 40, wherein the glass-forming metal

additive is present in the coating in an amount from 0.01 to 15% by weight based on Si.

44.  The plastic container as in claim 40, wherein the coating is deposited on
20 the exterior surface of the container body using vacuum vapor deposition, the coating is
substantially homogeneous, the coating is amorphous, the coating has a thickness and the
inorganic oxide and the glass-forming metal additive are present in the coating in concentrations
which are substantially constant through the thickness of the coating, the inorganic oxide is
SiOx, and x is in the range of 1.7 to 2.0.
25 .
45.  The plastic container as recited in claim 44, wherein the coating thickness
is 10-100 nm.

46.  The plastic container as in claim 34, wherein the inorganic oxide coating

30  further includes a pigment for coloring the external surface of the container.

47. A method for producing recycled content plastic comprising the steps of:
providing a batch plastic, at least a portion of the batch plastic comprising coated
plastic containers, each coated plastic container comprising a plastic container body having an
35 internal surface defining an interior space and an external surface and a coating on the external
surface comprising an inorganic oxide;
converting the batch plastic to a form suitable for melt extrusion.
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44 60. The system for making a beverage as in claimb59,
wherein the coated container production system conprises: a vacuum cell

capabl e of maintaining a vacuumw thin the vacuum cell; a
cont ai nerwbesdessrf or suppl yi ng plastic contai ner bodies i ntRC'HUSP8/05293
wi thdrawi ng 5 coated plastic containerg, out fromthe vacuumcell, the
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that the coating bonds to the external surface of the container bodies, and
the resul ting coatggl p'?ﬁéhx%th%@@&ﬁ!aﬁmm Mﬁ%xﬁ%xﬂb&hﬁg oRidRiesifed. | zed

fluid sealed in the interior space at a pressure of 60 psig, possess a
gas arrier of at |east 1.25x the gas barrler of the containers w thout the
coating, when the gbnt a’lrhemthudtalswtlaimemwhenengheMgamcaxmpessmxMIS
fluid seal ed in tF ior space at a pressure of 60 psig. 62. The system
for makllﬁd &ranev & iJeto ‘in claimb59 wherein the step of 25sealing includes
seal ing the beverage under pressure in the coated contai ner.

52.  The method as in claim 47, wherein the coating thickness is 10-100 nm.

15
53. A method of packaging a beverage comprising the steps of:
providing a coated plastic container, the coated plastic container comprising 2
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 oxide, the coating
20 providing a gas barrier; '
filling the plastic container with a beverage; and
sealing the plastic container after the step of filling.

54.  The method as in claim 53 wherein the step of providing comprises

25  continuously providing a plurality of the coated plastic containers, the step of filling comprises
continuously filling the plurality of coated plastic containers with the beverage, and the step of
sealing comprises continuously sealing the beverage in the plurality of containers after the step

of filling.

30 55.  The method as in claim 53 wherein the step of sealing comprises sealing

the beverage under pressure in the coated container.

56.  The method as in claim 55 further comprising the step of carbonating the

beverage before the filling step.

THIS SHEET HAS BEEN
e REPLACED




63. The system for making a beverage as in claim®62 further conprising a
carbonat or for carbonating the beverage before the filling step. TH'S
SHEET HAS BEEN REPLACED WO 98/ 40531PCT/ US98/ 05293 45 64. A system for
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58.  The method as in claim 57, wherein the steps of conveying the container
15 bodies and supplying the coating vapor are conducted such that the resulting coated plastic
| containers, when containing a pressurized fluid sealed in the interior space at a pressure of 60
psig, possess a gas barrier of at least 1.25x the gas barrier of the containers without the coating,
when the containers without the coating contain a pressurized fluid sealed in the interior space at
a pressure of 60 psig. '
20

59. A system for packaging a beverage comprising:

a coated plastic container production system for providing coated plastic
containers, the coated plastic containers comprising a plastic container body having an interior
surface defining an interior space and an external surface and a coating on the external surface

25  comprising an inorganic oxide, the coating providing a gas barrier;
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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60.  The system for making a beverage as in claim 59, wherein the coated
container production system comprises:

a vacuum cell capable of maintaining a vacuum within the vacuum cell;

a container feeder for supplying plastic container bodies into and withdrawing
coated plastic containers out from the vacuum cell, the plastic container bodies each having an
external surface;

a conveyor within the vacuum cell for conveying the plastic container bodies
through the vacuum cell; and

at least one source disposed in the vacuum cell for supplying a 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 and
arranged within the vacuum cell such that the coating vapor from the at least one source deposits
the coating on the external surface of the containers, the coating comprising the inorganic oxide .

61. The system for making a beverage as in claim 60, wherein the at least one
source of coating vapor and the conveyor are structured and arranged within the vacuum cell
such that the coating bonds to the external surface of the container bodies, and the resulting
coated plastic containers, when containing a pressurized fluid sealed in the interior space at a
pressure of 60 psig, possess a gas barrier of at least 1.25x the gas barrier of the containers
without the coating, when the containers without the coating contain a pressurized fluid sealed in
the interior space at a pressure of 60 psig.

62. The system for making a beverage as in claim 59 wherein the step of
sealing includes sealing the beverage under pressure in the coated container.

63.  The system for making a beverage as in claim 62 further comprising a
carbonator for carbonating the beverage before the filling step.
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64. A system for making a coated plastic container possessing a gas barrier,
the system comprising:

a vacuum cell capable of maintaining a vacuum within the vacuum cell;

a container feeder for supplying plastic container bodies into and withdrawing
coated plastic containers out from the vacuum cell, the plastic container bodies each having an
external surface and an interior surface defining an interior space;

| a conveyor within the vacuum cell for conveying the plastic container bodies
through the vacuum cell; and

at least one source disposed in the vacuum cell for supplying a 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 structured and arranged
within the vacuum cell such that the coating vapor from the at least one source deposits a thin
coating on the external surface of the containers, the thin coating comprises a metal and bonds to
the external surface of the container bodies, and the resulting coated plastic containers, when
containing a pressurized fluid sealed in the interior space at a pressure of 60 psig, possess a gas
barrier of at least 1.25x the gas barrier of the containers without the coating, when the containers

without the coating contain a pressurized fluid sealed in the interior space at a pressure of 60

psig.
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