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EVOH SURFACES The present invention relates to barrier filnms and, in
particular, to barrier filnms having at | east one exposed high 5 energy
surface forwmeaial of a barrier coating through vapor depasidssossiaf a
barrier coating material. Coatings produced by vapor deposition are known
to provide certain barrier characteristics to the coated substrate. For
exanpl e, an organic coating such as a 10 anor phous carbon can inhibit the
transm ssion of elenents such as mater oxygen and car bon di oxi de.
Accordi ngly, carbon coatings h®ABREERNF2 S, HROR ates (e.g.,
polyneric filns) to inprove the b?béiﬂbﬁﬁﬁéﬁfﬁﬁﬂﬁqdﬁﬁ cs exhibited by the
substrate. Thus, the vapor deposited coating I's often 15 referred to as a
barrier coating. Another exanple of coatings applied to substrates to

i nprove their barrThe mtesmeatt énvebtien arelaws itegbaokienof fms andht dni al s
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utilized to |n€rove arrier characteristi gu bstrates
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vapor depositsobstfAfs. Eoanmpkespdé, D proxcess esaknoy ushech oas Beam

sputteri nggangdmbish e éﬂfﬂ@%réhhoﬂnhﬁgfﬁﬂﬂﬁg5ﬂ%%nQM959EQHQ§§Q§1éﬂ£ﬂt§d§ughoml
di scharge and Pl aspma Enhanced nlc 30 De 05|t|on {PECVD)
%;Qﬁ éﬁ%b it
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materi al at 35 | ower reac i on er tenperatures, as coppared to the
substrate. Thus, ghe vapor & poé%ted coat?ng 1s often

153 referred to as a barrier coating.

Another example of coatings applied to substrates to
improve their barrier characteristics are coatings of
inorganic materials, such as inorganic oxides. Oxides of
silicon and aluminum are widely utilized to improve the

20 Dbparrier characteristics of substrates, especially polymeric
substrates. Oxides of silicon and aluminum also provide
abrasion resistance due to their glass-like nature.

The above-described coatings can be deposited on
substrates through various techniques of vapor deposition.

25 Typically vapor deposition techniques can be classified as
either physical vapor deposition (PVD) or as chemical vapor
deposition (CVD). Examples of PVD processes include ion beam
sputtering and thermal evaporation. Examples of CVD processes
include glow discharge and Plasma Enhanced Chemical Vapor

30 Deposition (PECVD).

0Of these technigues, PECVD is becoming widely utilized,
in part, because it enables the coating of temperature
sensitive substrates, such as polymeric films. Particularly,
this technigque allows the deposition of a coating material at

35 lower reaction chamber temperatures, as compared to the
reaction chamber temperatures regquired in other deposition



reaction chanber tenperatures required in other deposition WO 97/ 37054
PCT/ US97/ 05143 2 processes, e.g., glow discharge and nore so, ion beam
sputtering. As a result of the | ower reaction chanber tenperatures,

t enper at ur 65,8655hid Ve substrates can be coated, which mg ,se be
detrinmental Iy IIa}?cdipect ed by the higher 5 reaction chanber tg%@%‘%@é%s f ound

I n the other coating processes. The PECVD process is, however, a relatively
sl ow and | engthy process, which in many cases renders such techni que
comercially inpracticable. Accordingly, there exists a need 10 in the_art

for a nethod ghilesiskEl, €835, t §Eow ai fsdarfeOdnal hoPe Ao 2 NG Hedn film
utilizing PECVD, while at_the sa ti mai nt ai ni ng the desirable barrier
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prior art, priowcgsseg.nethod for producing a polyneric filmhaving barrier

characteristics. ¥he BBLUBUpEScalen: | hausLeR, 0f VaperHBROSING,a barri er

coating on an exposed surface of .an _ethyl ene vinyl alcohol” |ayer which is
adhered to aq&ﬂgszﬁé'r PEOSHBS rRich mahy c?ﬁﬁsp%?m*’r SUEHIEFRNATEEN be

any pol yneri coumestialéyasnpoagt fahltes corpatribhglyy tthdree eatibBykenenvéedyl!
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organic or i FakPE g ‘ he same time
maintaining the desirable barrier properties exhibited by the
coated substrate.
There is also a continuing need in the art to provide
15 barrier films with increased barrier characteristics.
Accordingly, it is an object of the present invention to
provide barrier films with improved barrier characteristics
and a method of making the same.
The present invention, which addresses the needs of the
20 prior art, provides a method for producing a polymeric film
having barrier characteristics. The method includes the step
of vapor depositing a barrier coating on an exposed surface of
an ethylene vinyl alcohol laver which is adhered to a
polymeric substrate.
25 The polymeric substrate can be any polymeric substrate as
long as its compatible with the ethylene vinyl alcohol laver.
Preferred polymeric substrates include polypropylene,
polyethylene, biaxial nylon and polyester.
The barrier coating can be an organic or inorganic
30 coating. Preferred inorganic oxide coatings include oxides of
silicon and aluminum, and more specifically, $i0,, in which x
is 1 < x s 2, Al,0; and mixtures thereof. Preferred organic
coatings include aworphous carbon.
The present invention also provides a method for
35 increasing the production rate of a barrier film. The method
incliudes the step of adhering an ethylene vinyl alcochol layer
to a polymeric substrate and thereafter vapor depositing a



30 coating. Preferred inorganic oxide coatings include oxides of silicon
and al um num and nore specifically, SiQ, in which x is 1 [err] x [err] 2,
A1203 and m xtures thereof. Preferred organic coatings include anorphous
carbon. Thevwasesetds | nvention al so provides a nethod for 33&wuwsereas ng the
production rate of a barrier film The nethod includes the step of adhering
an et hyl ene vinyl alcohol |ayer to a pol yrreri c substrate and thereafter
vapor depositing a WO 97/ 37054

PCT/ US97/ 05143 3 barrier coating on the exposed surface of the ethyl ene-
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the barrier filns of the presen nventi on provide I nproved inperneability
to the el ement®ISFEA™Ss water and at nospheric gases.

As a result of the present invention, the time regquired

to produce a polymeric film having a vapor deposited barrier

15 coating is greatly reduced, and thereby increases the
commercial practicality of PECVD techniques. Moreover, the
present invention provides a method of making a polymeric £ilm
having an improved barrier to the transmission of water and
atmospheric gases when the coating time remains the sane.

20 Accordingly, the barrier films of the present invention
provide improved impermeability to the elements such as water
and atmospheric gases.

In accordance with the present invention, a method is
provided for producing a polymeric film having barrier

25 characteristics. The method includes the step of vapor
depositing a barrier coating on an exposed surface of a
polymeric material that provides a high energy surface, which
is adhered to a polymeric substrate.

One example of a polymeric wmaterial that provides what is

30 referred to as a "high energy surface” is amorphous nylon. It
is believed that the surface of an amorphous nylon layer
facilitates the adhesion of the vapor deposited coating
thereto, which in turn results in a better quality coating.
Particularly, the exposed surface of the amorphous nylon layer

35 exhibits a high "wettability® or surface energy in comparison
to other polymers. The wettability of a polymer is believed
to affect the ability of material to intimately contact



I n accordance with the present invention, a nethod is provided for
produci ng a polyneric filmhaving barrier 25 characteristics. The nethod
i ncl.udes the step of vapor depositing a barrier coating on an exposed

surface of woPRehyseric material that provides a high energyrsNsfReSs. Which
I's adhered to a polyneric substrate. One exanple of a polyneric naterial
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The use of a high energy surface (e.g., amorphous nylon)

15 also facilitates the production of a barrier film having
increased or improved barrier characteristics if the coating
time period remains the same. 1In other words, one of ordinary
skill in the art can keep the coating time period at a
constant and obtain a multilayer polymeric film with increased

20 Dbarrier characteristics. The effect of utilizing a high
energy surface has also been observed to become more
pronounced during short coating times, e.g., at coating rate
of eight feet per minute (FPM) versus four FPM. This is
believed to be due to the overall barrier characteristics

25 exhibited by the film depending more on the quality of the
coating than the guantity of the coating material applied.

The amorphous nylon employed in the present invention is
preferably an amorphous co-polyamide synthesized from
hexamethylenediamine and a mixture of isophthalic and

30 terephthalic acids. One such commercially available product
is Dupont PA-3426. By reference to an amorphous nylon, a nylon
polymer that is substantially 100% amorphous is contemplated.
This can easily be ascertained by Differential Scanning
Calorimetry (DSC) because the polymer should not exhibit any

35 peaks that correspond to a crystalline region. However, it is
also contemplated that blends of amorphous nylon with semi-
crystalline nylons can be utilized as long as the blend



I ncreased or inproved barrier characteristics if the coating tinme period
remains the sanme. In other words, one of ordinary skill in the art can keep
the coating time period at a constant and obtain a nmultilayer polyneric
fitmw th | Resemeed 20 barrier characteristics. The ef f ectpcafusdstidiizi ng a
hi gh energy surface has al so been observed to beconme nore pronounced during
short coating tines, e.g., at coating rate of eight feet per mnute (FPM
versus four FPM This is believed to be duesto the overall barrier
characteristics 25 exhibited by the filmdepending nore on the quality -of
the coating thathidiesqaarettybolitheagariabjentbethat appineeadmotpbous
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variety of tec&i}il%g%ﬁ €BOUELL P 1 AUor %sefiﬂ%etot eegz H&%Q%%Layer can
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amor phous nyl Afyorf RRLGBY-cially available product is Atmer QF-500A.
15 It is also contemplated that other polymers exhibiting a
similar wettability to that of amorphous nylon would also be
effective in providing a high energy surface for receipt of a
barrier coating by vapor deposition.
One material that has been found to exhibit a wettability
20 similar to that of amorphous nylon is an ethylene vinyl
alcohol copolymer (EVOH). BAs demonstrated herein, an EVOH
skin layer on a polymeric substrate facilitates the deposition
of a barrier coating comparable to the those produced
utilizing an amorphous nylon skin layer. The EVOH resin
25 enmployed is preferably a resin having a mole percent ratio of
ethylene to vinyl alcohol ranging from about 29:71 to about
48:52. More preferred is an EVOH resin having a mole percent
ratio ranging from about 44:56 to about 48:52. EVOH resins
that can be utilized in accordance to the present invention
30 are readily available from Kuraray Co., Ltd. and Nippon
Gohsei, both of Japan, and from EVAL Co., of America. One
such preferred EVOH resin is a 48 mole percent resin, ECG~
1568, produced by EVAL Company of America.
As with the amorphous nylon layer, the EVOH layer can be
35 adhered to the substrate by a variety of technigques known in
the art. For example, the EVOH layer can be laminated onto a
polymeric substrate by use of an adhesive. One particularly



provi ding a polyneric substrate having a | ayer of anorphous 10 nylon on at
| east one side. Typically, atie layer is enployed to adhere the anorphous
nylon to the polyneric substrate. For exanple, a material such as naleic

anhydri de pol ypropyl ene can be enpl oyed as the tj One such
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increasing the production rate of a barrier film. The method

15 includes the steps of adhering a polymeric layer having at
least one exposed high energy surface to a polymeric substrate
and, thereafter vapor depositing a barrier coating on the
exposed, high energy surface. Again, this polymeric layer is
preferably an amorphous nylon or ethylene vinyl alcohel laver.

20 As described earlier, the barrier coating is formed by
the vapor deposition of the barrier material. In accordance
with the present invention, any material that can be vapor
deposited and offer barrier properties can be utilized as the
barrier coating. The barrier coating can be either an organic

25 coating, such as a carbon coating, or an inorganic coating,
such as an oxide coating. A preferred carbon coating is
amorphous carbon, which is due in part to its barrier
characteristics and ease of application. Preferred oxide
coatings include oxides of silicon (8i0Q,, in which 1s x <2) and

30 of aluminum (Al,0;}. Moreover, mixtures of various coatings
can also be utilized, e.g., Si0O,, in which 1< x <2, and Al:0,.

Any vapor deposition technigue can be utilized in

accordance with the present invention, provided that the
reaction chamber temperatures are not detrimental to the

35 substrate being coated. Preferably, a CVD process is utilized
because of the temperature sensitive nature of the polymeric
materials. PECVD is most preferred because the reaction



substrate is by coextrusion. Thus, a polyneric substrate having an exposed
surface of an EVOH | ayer on one side is produced. Atie |ayer, such as

t hose enployed with the 5 anorphous nylon | ayer, can also be enployed to
adhere the L L@yer to the polyneric substrate. Exanpl e Qi spnbsyi¥eric
substrates to be utilized in accordance with the present invention include,
but are not Iimted to, polypropyl ene, polyethylene, biaxial nylon and 10
polyester. It is believed that other substrates can also be enployed, as

| ong as such substrates are conpatible with the material exhibiting the.
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nature of the;RObLKARYI §eposited as the barrier coating. For example, a
solid 510, source is placed within reaction chamber to be
vaporized and is thereafter deposited as a SiO, coating on the
substrate. '

20 In CVD processes, which are preferred, the source
material is not the same chemical specie that is being
deposited as the coating. For example, gaseous reactants such
as hexamethyldisiloxane (HMDSO) and oxygen (0,) are placed in
the reaction chamber to react and thereafter provide a $ioQ,

25 coating on the substrate. Thus, the main gaseous reactant,
e.g., HMDSO, decomposes to form the desired coating on the
substrate.

Because CVD coating processes are preferred, the source
material for the barrier coating is preferably a gaseous

30 reactant or a mixture of gaseous reactants. Alternatively,
non-gasegus source materials can be utilized provided that
they can be transformed to a gaseous state, e.g., vaporized or
sublimed.

The deposition of an amorphous carbon coating requires a

35 carbon source as the gaseous reactant. Preferably, the
gaseous reactant is a hydrocarbon having from 1 teo 20 carbon
atoms. Acetylene is one such preferred gaseous reactant.



materials. PECVD is nost preferred because the reaction WO 97/ 37054
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source material_is not the sane chem cal specie. I's bel ng posi‘ted as
the coating. TOIeBXATICEYIGRsEBUs F¥aEERPES sBR R s(h@X ancRPYe TR S |here
(HVDSO) and osyweres Goar rEpmidceopy@er dam Hehere@ddlyi aniThasder to react and

thereaftejqoprovi depa Jdo®likhoRO0f0RL iJ‘.ﬂm%u&?%ﬁHQSEB f‘n? }%Léﬁxirte@e a8l n

gaseous reactant,, e.qg., HVMDSO deconposes to formthe desi oat1 ng on
the substrat 21 EHNTHESOIBIRIRT| R AKS 28 £XPAGE ERT caFenthe ddur ce
mat eri al for exvengdiar rafeancedbmigunscoiteiiorialy roapgas@oiss aluminum

chloride (AlCl;). The oxidizing agents can be the same as
previously described for the deposition of an $i0, coating.

15 _ Overall, once a particular barrier coating has been
selected, one of ordinary skill in the art can easily be
ascertain the gaseocus reactants required to vapor deposit the
barrier coating.

Upon the introduction of the gaseous reactant to the

20 reaction chamber, the main gaseous reactant decomposes or
reacts with other gaseous reactants and is thereafter
deposited on the exposed high energy surface as a barrier
coating. This coating may range in thickness from 10 to 5000
angstroms, preferably from 100 to 2000 angstroms. The

25 thickness of the coating will be primarily dependent on the
amount of time allowed for deposition.

The plasma utilized with the present invention is
preferably generated by the application of a primary radio
frequency to a first electrode. This radio frequency excites

30 the gas mixture flowing through the chamber, thereby forming a
plasma. This gas mixture is preferably a mixture of the
gaseous reactants mentioned above, e.g., acetylene or TEOS and
oxygen, and an inert or noble gas such as argon or helium.

Apparatuses adapted for vapor deposition, and more

35 specifically PECVD, are well known and commercially available.
Such apparatuses generally include a chamber sized for receipt
of a substrate. The apparatus additionally includes a vacuum



30 reactant or a m xture of gaseous reactants. Alternatively, non-gaseous
source materials can be utilized provided that they can be transfornmed to a
gaseous state, e.g., vaporized or sublinmed. The deposition of an anorphous
car bon coat iyh7aagyi res a 35 carbon source as the gaseous pegashARRias
Preferably, the gaseous reactant is a hydrocarbon having from1 to 20
carbon atons. Acetylene is one such preferred gaseous reactant. WO

97/ 37054 9 PCT/ US97/ 05143 8 Sim larly,
the deposition of a SiJerr] coating, in which 1[err] x [err]2, requires a
silicon-cont apmﬁmgfmmmdtand the hahbsmg negest fas 1ﬂma:cgimﬁmgsa gas
reactants. Exaiples, %Saﬁ&éf%&@pquanoﬁgamwﬂa | W wldhsar e

not limted to, 5 Si | anes oxanes and Hexane ydl oxane and
t et r aet hoxy| - EP¥ FRNSTALAOS ar BLRSMA WA gt dfer FBATHSEeous react ants.
Oxi di zi ng agent S iIrclomge palrtiical erlptplefiarred, enbbéinéentt, ceheggilasmaerr])

and nitroug o g&%&@) me';m%exggm&weal;t% 99@%{3&%9;@@3 QRRAN be

readily utrl | eposi t1on o um num OxI coat1 ng

requires an attRFTRASSENMRIRRNECISRRTMRAMNE SAPLRYER z‘F‘hg“é’tj?é’ﬁ‘t“ceAn exanmpl e
of an al um nuindepéraienitnguadnpasngy | sowtaes dntrocbher rekc{WrCichambEe 2

oxi di zi ng agfﬁsmaf@p 2381 8-880EnEY, OF N 3¢z 88 CLEDRLL] Yo WE B3GR 1T ON

of an Si(er once a pa barri-er
coating has bEE8F "é‘ctaé’ﬂ apfecondaryliradip SREARenaY ok %ﬁ”cwﬁﬂiln 98aKHpytpe
ascertai nibhessasainSs applldpists eche rsibdnd €AROLro@POSiBrdfiea-adayl,i €he

coat | ng. U0 ifiodsd'deAUAE! haNeAl SASMIPIRABOLRSEARNS £dilbcdle " Sact] o

chanber, the nmi n _gaseous react ant oses or t her gaseous
reactants and is tH SFAMATY(EFeTRERY cﬂ?’{el?étéﬁp@é%dp:l‘ﬂ% el @fcéﬁllf"ace as

a barrier the gas mixture), while the secondary frequency is believed to
facilitate the deposition of the carbon on the high energy

15 surface by exciting the molecules of the coating material
being deposited. This rationale is supported by the fact that
a visible change in the plasma is observed upon application of
this second radio frequency.

Other means of generating the plasma are also

20 contemplated. For example, a primary freguency in the
microwave range, e.g., 2.45 GHz, can also be utilized. 1In
addition, photometric means such as lasers can be employed to
excite the gas mixture. Magnets can also be utilized to aid
in directing the coating material to the substrate.

25 The chamber also includes a substrate holder plate for
supporting the polymeric substrate to be coated. This
substrate holder plate is preferably integral with the second
electrode. In addition, the substrate holder plate may
include either a flat or an arcuate support surface. It is

30 contemplated that the use of an arcuate support surface would
facilitate commercial production of the present invention.

EXAMPLE 1
Two amorphous carbon coated control films were produced.
A 1 mil thick oriented polypropylene film approximately 27.94

35 cm (11") long by 39.37 cm (15.5") wide was placed on a 25.4 cm
{10") long by 39.37 cm (15.5") wide substrate holder plate
attached to the second electrode. The substrate holder plate



coating. This coating may range in thickness from10 to 5000 angstrons,
preferably from 100 to 2000 angstroms. The 25 thickness of the coating
will be primarily dependent on the anmount of tinme all owed for deposition.

The pl asna Y%):gk)}@gjj with the present invention is prefer an:,}zmg@gg{ at ed by
| e. [

the applica f"a primary radio frequency to a first el éctro ®Thi s
radi-o frequency excites 30 the gas m xture flow ng through the chanber,
thereby formng a plasma. This gas m xture _|s preferably a m xture of the
gaseous reactants nentioned above, e.g., a?:%tyl ene or TECS and oxygen, .and

an inert of NORLAGAS SUGLARR! JoPcLe pﬁf%@&%eit@teﬁlefacg%a&ta%qug%f

vapor deposition, and no specifica D, are we nown an

conmerci al | y @¥aiateiice. 3BehTApPaPUttRY JefePUPFYTRRE | P dHaT5eP 18N Ted
for recei pt ofhé sy aife suthefappatatals caddinel dhakl yoilne| aminsreal tac ttha .
WO 97/ 37054 holder. PCT/ US97/ 05143 9 punp for
evacuating the c%anber, means for introducing a gas m xture to the chanber
under contPol | ed CHRIiADGNST HAS W&df‘%ﬂ“’ggﬁeﬁaﬁ‘lﬁ‘ﬁﬁra prrasretiieRed t he
chanber. | n ogggfardd< wiatthyepuatethied arthedueent inthetipd asvendergenenat i on

o oo 1oy Sy Sfald Yo ARGCHLh . SFo @ik 8G0AL.ELEC DOMES adliAla0get et

can be enpl oye o 1ntroduce i n ende energy sourtces 1nto t
reaction chanBer Pregfunifary thad bhe reRfiRyy "6F 13°562RRE ¥ BFRAEd o the
first el ectrogeesithed cfeQ@pdaryrEably oudd esfuengptel vhetwerscdeKHr tthel0 450

KHz is applied t ec e de., Pr.ef b hagrbey
t he groungl}f o}n%%% h°ht$§3‘|eoq’%%8§he§%‘:;‘§g_ ﬁ'r%ﬁﬁn%&%a%e#gﬁﬁinpy géri?%i;éggt?ﬁe
pl asma (by ex®ipo¥rr tifveda®inilRPuralts \#as anridedetontlr yEF g fdifeFrrde

bel i eved to fagdli tedridagydepeghehop of dshesrankon paweheldigh cenesgy 15
surface by exgiting the malequkgseRl 108 &PalAQ BrLer ! al
The substrate was coated for approximately 300 seconds.

15 Thereafter, the gas mixture was shut off and the chamber was
pumped down again to 1 mTorr. The chamber vacuum was then
broken by bleeding in dry nitrogen gas and the respective
coated substrate was removed.

The two control films were thereafter tested. The first

20 control film exhibited an oxygen transmission rate (TO,) of 0.4
cc 0,/645.16 cm’(100in’)/atm/24hr at 23°C and 0% relative
humidity and a water vapor transmission rate (WVIR} of 0.02 g
H,0/645.16 cm’{100in’)/atm/24hr at 37.8°C (100°F) and 90%
relative humidity. The second control film exhibited an

25 oxygen transmission rate of 0.6 cc 0,/645.16
cm? (160in%) /atm/24hr at 23°C and 0% relative humidity and a
water vapor transmission rate of 0.09 g H,0/645.16
cm?(100in?) /atm/24hr at 37.8°C (100°F) and 90% relative
humidity.

30 Accordingly, the average control oxygen transmission rate
was 0.5 cc 0,/645.16 cm’{100in’)/atm/24hr at 23°C and 0%
relative humidity and the average control water vapor
transmission rate was 0.055 g H,0/645.16 cm® (100in”) /atm/24hr
at 37.8°C (100°F)} and 90% relative humidity.

35 EXAMPLE 2

Amorphous carbon coated barrier films in accordance with
the present invention were produced utilizing a base sheet



bei ng deposited. This rationale is supported by the fact that a visible
change in the plasma is observed upon application of this second radio
frequency. Ot her neans of generating the plasnma are al so 20 cont enpl at ed.
For exanpl ewasmnesaary frequency in the mcrowave range, ecgrussfesss GHz,
can also be utilized. In addition, photonetric neans such as |asers can be
enpl oyed to excite the gas m xture. Magnets can also be utilized to aid in
directing the coating material to the substyate. 25 The chanber al so
i ncludes a substrate holder plate for supporting the polyneric substrate to
be coated. Thifsrsedsty ate-cwdiriding| anerpizoys efvdioabmithnpelyptony tane Hdat

second el ectrgg. swsé&lsar{ﬂlqnmhn@aﬁypscsfférﬁzéwl deesphapel 18Ys i S DR nt
either a flat oigan arcuat e ‘sup 30, con I ate that t he

) SHioRabhail Shind kb foniBis
use.of an ar cHXt8 sptte® HFFFagBP f%](ﬁ'}q twah BolhBr EREFT p"?*o TFon of
the present i|i¥eftdhn. Theo carienphdusitarion appatcedmetriyol hil rehiwdr,e the

d d. 1, I 94 35°
EInO(li(ig) |/§ng gbkgﬁ&%ﬁrdrﬁ%g@rpewpéw&ﬁ@ea gr?r@gaggr% nagém %%0%76 Pons

X 21 W de was ace
by 39.37 cm (P518"¢ V\Tr’&fetﬁ]:l?&tlfé B ﬁ’&fﬂ’é‘?eﬁ)ate attached to the second
el ectrode. The substpml;endmlcdsampllateppromagﬂl&705494 cm (11") long by

PCT/ US97/ 051434191 &E' %'ﬁnwfiﬁﬁu%g ﬁiﬁé&?%m%‘ﬁ'enguﬂsépﬂ-tg ERdAD D ate
radi us of curvature. I'm overhur{gcf%re substrate hol d 4)fgl ate along the

| engt h of sucﬁtF?Fﬂ?‘?ot%lqh(ﬁNSFﬁgnfil? e ELAsFFIPER AR UE™ 5
The chanbearw wa&gappbped. down to 1 mlorr. An acetyl ene/ argon gas m xture

was then Lntroduceghl niguils SABTBRAREL Aol 0l HRhdo0k 10R SeEmy Ol the

m xture bei ng acetyl ene.. The pressur er was I ncreaséd to a
reaction pr esé‘ﬁ?%no?afl(}?)“?ﬁﬁfrer VB EE%“O*“%FW“‘V&W@ FBg aFRAPRAT tAte 2

flow rate of 60 sccm, approximately 83% of the mixture being
acetylene. The pressure within the chamber was increased to a

15 reaction pressure of 100 mTorr by use of a gate valve located
at the inlet of the vacuum pump. A primary frequency of 13.5
MHZ at a power level of 100 watts was applied to the first
electrode and a secondary frequency of 95 kHz at a power level
of 25 watts was applied to the second electrode.

20 The substrate was coated for approximately 60 seconds.
Thereafter, the gas nmixture was shut off and the chamber was
pumped down again to 1 mTorr. The chamber vacuum was then
broken by bleeding in dry nitreogen gas and the respective
coated substrate was removed.

25 The polymeric sample was thereafter tested. The sanmple
film exhibited an oxygen transmission rate of 0.42 cc 0,/645.16
cm’(100in%) /atm/24hr at 23°C and 0% relative humidity and a
water vapor transmission rate of 0.024 g H.0/645.16
em’(100in®) fatm/24hr at 37.8°C (100°F) and 90% relative

30 humidity.

Additional polymeric samples were prepared under varying
test conditions. The measured results from all of the poly-
meric samples, i.e., samples 1-8, are set forth in Table 1.



10 inlet of the vacuum punp. A primary frequency of 13.5 MHZ at a power

| evel of 100 watts was applied to the first el ectrode and a secondary
frequency of 95 kHz at a power level of 25 watts was applied to the second
el ectrode. The substrate was coated for approxi mately 300 seconds. 15
Thereafter, gﬁgagmnixture was shut off and the chanber maéagy ed down
agarn to 1 mlorr. e chanber vacuum was then broken by bl & |ﬁgRFH3dry
nitrogen gas and the respective coated substrate was renoved. The two

control filns were thereafter tested. The first 20 control filmexhibited
an oxygen transm ssion 2ai¢ (TQerr]) of 0.4 cc 02/645.16
crerr] (100 n[err])/atrE@4hs ats 28 er8] GGand 0% r ¥l aff v&@ hunidity and a
wat er vapor transm ssion rafe (WWTR) of 0.02 g H20/ 645. 16
cnerr](100in[err])/atm 24hr at 37.8[err]C (100[err]F) and 90%rel ative
hum dity. The second copntr pl filmexhibrted an 25 OXygen Transm ssion rate
of 0.6 cc 02/645.16(nﬂgwr (1GQ n[err])/atm 24hr at 23[err]C and 0%
relative humdity and er vapor transmission rate of 0.09 g H20/ 645. 16
cnferr] (100i n[err])/at% ANr athZiB[merr‘lCLglOO[eLr]F) and 90%rel ative
hum dity. 30 Acc i hol yo t ke avermgesncodt r@l &xyfen transni ssion
rate was 0.5 cc 02/ 645. cnferr] (100in[err])/atm 24hr at 23[err] C and 0%
relative humdity and e average control water vapor transm ssion rate was
0.055 g H20/645.16 cnf&fr]{I OO n[err]/atm 24hr at 37.8[err]C (100[err]F)
and 90%rel ative hum dity.} 35 EXAMPLE 2
Anmor phous carbon coateg, bajrier films in accordance wth the present
invention were produced& utjlizing a base sheet WO 97/ 37054
PCT/ US97/ 05143 11 f or mgglyby co-extrudi ng anor phous nyl on with pol ypropyl ene
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nyl on PA-3426 were enployed, along with a tie |ayer of Atner Q--500A. The
oriented filmwas approximately 1 m | thick, the 5 anorphous nylon | ayer
representing approximately 6%or .06 nmls of the total filmthickness. A
pol'ymeri c sawplogsmegproximately 27.94 cm (11") | ong by 39. 3cemsd{74514d") W de
was placed on the substrate holder plate attached to the second el ectrode
and descri bed above in 10 Exanple 1. The chanber was punped down to 1
mrorr. An acetyl ene/ argon gas m xture was ¥hen introduced into the chanber

at a flowrate of 6Q sccm roxi mately 83% t ture hein - -
acetyl ene. The predduré W?ﬁ?ﬁyt?ﬁ’%ﬁbe@mﬂag?ng?iﬁs A4 c?e% fggFgaﬁ??%"ﬁ
pressure of 10thatler bapyigrefdimacamtie wiodeckdchy ethatdagusiitilont o6f t he

vacuum punp. A-DidR: hhedy¥phsya qilglh? end¥d ahirfaPOVGF Arﬁ\é%lor?izoéeon
was applied to the first .electrpode and a secondar frequg y 0 9% k at a

pover |evel ofi3¥e%sat i \"Ivﬁspé’p'ﬁ?"l"é]aa"f ts‘r?@"slééﬁﬁﬂ ettt The
substrat e was moatued ngosuahpaokarmiet £ iG6 seaohdsindihwerssal tbafr ,appltrexgas

m xture was shjile Hif archtcla% sbai@erl as, %@pegaé@w @ﬂ@é nd geérageaa The
chanmber vacuum was "t hen bhroken $/% eed |n |n dry nitrog as an

respective coat®MW APPIOFAPBLGLE to 15 tﬁrh'éopfcﬁ -c §§n’b?e was
thereafter tesdlsh sifhdfidgaptethat mmmdamadnanfnmgemimzm;sm sarmadnat e

of 0.42 cc 0[eaédée@é%algx9§iaﬁrfuﬁmguﬁr{ Ikt Mgty ﬁ&p e;ﬁr] g
relative humdity and or. transm ssion rate of Q.02 H20 645 16

cn2( 100i n[ E?r]‘ﬂ’/’&t“m“‘zﬂ‘ﬁﬂnﬁf“’*%’in%{ erhg ¢ qvedopd r?’j‘F?ra’h’éa‘m’bsrséI"&t‘l ve 30
hum dity. Additional polyneric sanples wmapheepared under varying test

conditions, The measused damdi diamaLl ppbaddies POLY unleRl §< SRRl es. 1. e,

sanples 1-8, are set, fofth in Table 1.
PCT/U897/05143“31121“9 the stock 1 mll OPP fllm materlal described in

Example 1. After the coating process, samples from the film
15 were thereafter tested for oxygen and water vapor trans-—
mission. The $i0, coated film exhibited an oxygen transmission
rate of 1.54 cc/645.16 cmz{looin:)/atm/24hr at 23°*C and 0%
relative humidity (hereinafter cc/645.16 cm’(100in’)/atm/24hr),
and a water vapor transmission rate of 0.06 g/645.16
20 c©m®{100in’)/atm/24hxr at 37.8°C (100°F) and 90% relative
humidity (hereinafter g/645.16 cm’(100in’)/atm/24hr).
Exapple 4
A Si0, coated film in accordance with the present
invention was produced, in which 1< x <2, utilizing the stock
25 amorphous nylon~OPP film material described in Example 2. The
reaction parameters and coating time were identical to those
utilized in Example 3. After the coating process, samples
from the film were thereafter tested for oxygen and water
vapor transmission. The SiO, coated £ilm exhibited an oxygen
30 transmission rate of 0.13 cc/645.16 cm’({100in%)/atm/24hr, and a
water vapor transmission rate of 0.07 ¢g/645.16
cm’ (100in’) /atm/24hr. '
From the results in Examples 3 and 4, it is readily
apparent that the use of a high energy surface, such as that
35 provided by the amorphous nylon layer, is applicable to other
vapor deposited coatings, such as inorganic oxides. In
particular, the oxygen permeability of the barrier film



12 [err] WO 97/37054 ___
PCT/ US97/ 05143 13 It is readily apparent fromthe test data set forth above
that. a barrier filmcan be produced by the deposition of carbon on an

exposed hi g{yoR98% surface of an anorphous nylon | ayer. | rticularly
significant tha? the rate of 5 producing such a barrier f#k@%ﬁ’%ﬁé

I ncreased by approxi- mately a factor of 10, i.e., the coating tine is
decreased from approxi mately 300 seconds tm 15 to 60 seconds. It is also
significant that the resultant filmexhibits a markedly decreased oxygen
transm ssi on $egxeasge b¥ pnprevPRPEL k0 &hronghlbhei wsenef Mdientamorphgust he
: Eavel ] of \[Nat ey IoraEKinS S| ¥he #i§ doateh pfntc]falgim firl mxeamp1pr lgdgﬁﬁﬂbi%é% whi ch
err] x [err ti | sio terial described in
Exanpl e 1. Af%)%getqhgigégglgﬁégg?o%aeé%,(;Ifsamrfgl“egc(%%ﬂn%‘ e film15 were
thereafter t e 40PN I argdr4hnd viile \afpdthe oher hand; orhe Bi®,ScGhted |

coated filsn exiudprod aR1eXYQEP #iBNSIH ExXandleahCehivitd G C49qef

cn2(1 A n| err]‘ell;=1 tsrﬂ.24gr at %3[ eﬂé;zfﬂnd 6(2%0 r%I ativ °hugvlé‘¥ (héreinafter
cc/ 645. 16 cnf err%] CLaor e TS/ & 1Y 64214 ®a SR Wb PV Z S ssi on
rate of 0.06 AFGBYRingly() Exapples (3L GOIh[Reddlpstratethatatwith 8€actddherr] F)
ann{d 90;’/%{%&;5&&:;1&;&? hre(iaegseia%fat for@tant. 1tﬁaﬁr:%.g]i' films withd o
cnferr inje r). i Jerrl,. coated filmin accordance w

the present irinxbéelrn%al)sgﬁ o %ég?%dﬁlééezéﬁc%eﬁl\%lgﬁ FFert3dqestr12, utilizing the
stock 25 1@nor phoFhenyesiltPPLren BxanrdeisaP dadcs | kb il 1Bstmpite Rhe The

reaction par aiRiedigistie ee8btegptddioate by itﬁ@”hi@l@'eﬂ&%j‘%’iﬁ-f‘éael bEefhd N
Exanpl e 3. Afé[ er thhgl coail ng, reoc.esslg,féqae I es f£oméhe i1 m wer e the{leafter
tested for oXYGer ang Warar v%f)ol? t FAREEEPEh. 1ThEPE H%ePPPRE BT EPEi | m
exhi bi t ed an »pgnidmdess ofr pedwttionnin Ahe okygentraiduimsi®n rates for
cn2( 100i n[ er rdnd @ipH 24hh, véhsus the amorphous nylon-oPP film. The stock
15 OPP film has an oxygen transmission rate of 100 cc/645.16
cm’ (100in’) /atm/24hr, which was reduced to 1.54 cc/645.16
cn’(100in’) /atm/24hr after the application of the SiO, coating.
The stock amorphous nylon-OPP film has an oxygen transmission
rate of 50.5 cc/645.15 om’(100in?)/atm/24hr, which was reduced
20 to 0.13 cc/645.16 cm’(100in’)/atm/24hr after the application of
the 8i0, coating. Stated otherwise, the OPP film exhibited
approximately a 65-fold reduction in its oxygen transmission
rate. The amorphous nylon-OPP film exhibited approximately a
388~-fold reduction in its oxygen transmission rate. Thus, the
25 high energy surface of the amorphous nylon layer facilitated
the deposition of a barrier coating approximately 600% less
permeable than could be achieved by directly coating the
underlying polymeric material.
Example 5
30 Amorphous carbon coated control films were produced
utilizing the stock amorphous nylon-OPP material described in
Example 2 to provide a standard for the EVOH embodiment of the
present invention. Overall, two sets of four film samples
. were coated with an amorphous carbon coating following the
35 procedure of Example 2. One set of the amorphous nylon-OPP
samples were coated for approximately 22.5 seconds. The other



wat er vapor transm ssion rate of 0.07 g/645.16 cn2(l OO n2)/atm 24hr. From

the results in Exanples 3 and 4, it is readily apparent that the use of a

hi gh energy surface, such as that 35 provided by the anorphous nyl on |ayer,
I s "appl i cablgp b-7¢dsher vapor deposited coatings, such as igwangdms40Xi des.

In particular, the oxygen perneability of the barrier film WD 97/ 37054

PCT/ US97/ 05143 14 decreased by a factor of 10 through the use of the

anor phous nylon skin. The Sigerr] coated &P filmin Exanple 3 exhibited

an oxygen transmssion rate of 1.54 ¢cc/645.16 cn? (1. OO nlerr])/atm 24hr--
Wi Lo on 't he BERers HEARFENHS SYEPBTPFE SATRAF S YRks: BROLE NP BRI m i n
Exanpl e 4 exhmbtékyl ¥h. 2 ysperendisansm ssion rate of 0.13 g/ 645. 16
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i ncreased bar PPEPT cHEARTR 1T ¥ cs TAPeSBBY A &P or 227ReSFEAAT £ rom
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an oxygen trambel sanples ateteld h&Ol&cBE@d@@r&@&ﬁ@in{aéraﬂx)dmrﬂ@lhr,
whi ch was T edygoged O0le S G045 rLGeCOE 261140 QI BUSLAL) b (RRAly) Af Ler the

appl i catiqgn of e SiJerr] coating. e stock anorphous nyl on-OPP fil m has
an oxygen ©r aftH ¢45%on a}’H{ EHAVEFAESCHABAS WSS S PR Fi‘f%[‘é‘? r§9%%% nf 24hr
whi ch was redggeds 206 tan’q108ict//BtH/28her] err] (100i n[err])/atm 24hr after
the application of the Si(err] coatingggagialse@d Ot herwise, the OPP film

exhi bited approxinmately a 65-fold reduction rn.ts oxygen transm Ssion
rate. The anr pholANTKERSRSSTRCPNFERRED FEP gt GEFAETRTGS vith the EVOH

embodiment of the present invention were produced by coextrud-

15 ing an EVOH resin with polypropylene to form a base sheet that
was subsequently biaxially oriented. Resin pellets of EVAL
EVOH resin, ECG-156b, were employed along with a tie layer of
Atmer QF-500A. The oriented film was approximately 1 mil
thick, in which the EVOH layer represented approximately 6% or

20 .06 mils of the total film thickness. Overall, two sets of
four film samples of the EVOH-OPP film were coated with an
amorphous carbon coating. The reaction parameters were
identical to those utilized in Example 5. As in Example 5,
the two sets of samples were coated for 22.5 and 11.25

25 seconds, respectively.

The polymeric samples were thereafter tested. The
samples coated for 22.5 seconds exhibited an average oxygen
transmission rate of 0.020 cc/645.16 cm’ (100in®)/atm/24hr, and
an average water vapor transmission rate of 0.013 g/645.16

30 cm?(100in®)/atm/24hr. The samples coated for 11.25 seconds
exhibited an average oxygen transmission rate of 0.190
cc/645.16 cm®{100in’}/atm/24hr, and an average water vapor
transmission rate of 0.160 g/645.16 com (100in°)/atm/24hr.

As can be seen from the results in Examples 5 and 6 the

35 EVOH-OPP films coated with amorphous carbon provided barrier
properties comparable, if not better than, the amorphous
nylon-OPP samples. For example, the oxygen transmission rate



388-fold reduction in its oxygen transm ssion rate. Thus, the 25 high
energy surface of the anorphous nylon |ayer facilitated the deposition of a
barrjer coating approxi mtely 600% | ess perneabl e than coul d be achi eved by
directly cogd he underlying polynmeric material. Exanpl

Anor phous cg %b%’?%sgat ed control filnms were produced utili zpi%ﬂgust%%%’?t ock
anor-phous nylon-OPP material described in Exanple 2 to provide a standard
for the EVOH enbodi nent of the present inveation. Overall, two sets of four
filmsanples were coated with an anor phous carbon coating follow ng the 35
procedure of EREnpPe 2rat@se EYOH-BFPt Rilusirgntoud Mpicénbebrexs akiptrestheer e
coated for appxpyemsteinsmizsionceatds. of N tdrphoudOnPTAR4OB8 films.

PCT/ US97/ 05143, 15 - QPP sannl ted f
approxi - mat ey rpap e TABRS e L B T Pt B SvesT P Tor

oxygen and watERPSRBTFLAT Fad8i 6451 BR07 THend LR lds cegatddlfor 22.5 seconds on’
Sn{aver ia?iogx hichl (tl@(d)/i&h) AV AGRroX Hgelr! tRE SEbSSI tidlee pat-18a070: c£f 645. 16
cnierr inLegr f. & verage water vapor transm ssion rate .
of 0.015 g/ 64&3%61%}%% %éqgﬁ'n]?g?g%%‘fer,ﬁpﬂhr. The sanpl es coated at 11.25
seconds exhi bi t ed B FEHGGEPok|GBR exhiHzihiessiagn avaragef oQy P wmre45. 16
c][r[ grrl % (() | CI/)i6 Z@mﬁaﬂ ddte aitTTbl _Zébo,aﬁ:m;?bm(ﬁ\&visgg.%t ﬁﬁr’ (tlr{)%ri%? ﬁ@i@/bﬁﬁ%e
of 0. g er .Q0i nferr])/at r., Amor s. carbon coate
films in acco%ﬁ%%%g{gvﬁ t%JﬂQﬁgnge%%W%ﬁq@gfz'?hgngrggéﬁ% THAMSon wer e
produced By coeseeeidively.i nFharetvce ridd rasulkspolfyBrxepylemd tad ér m a
base sheet thaiiwesrabseauerby béaxhaldah anisenbedut Restsa Pal | LIS ahnEYAL

EVOH resin, EQG wer oyed.along with a tie |layer of Atner
QF- 500A. The o’r‘u%nqgéd qriels%n\%angl“é%%glo?ﬁ’rmtel y 1 ml



thick, in which the EVOH | ayer represented approximately 6% or 20 .06 mls
of the total filmthickness. Overall, two sets of four filmsanples of the
EVOH OPP fil mwere coated with an anor phous carbon coating. The reaction

paraneters Weseidentical to those utilized in Exanple 5. Asphig-Exaspl e 5,
the two sets of sanples were coated for 22.5 and 11.25 25 seconds,

respectively. The polyneric sanples were thereafter tested. The sarrpl es
coated for 22.5 seconds exhi bited an averadé oxygen transm ssion rate of
0. 020 cc/ 645.16 crr2§ 100i n2)/ atm 24hr, and an average water vapor

transm ssi on 0.013 g/ 645.16 30 cn2(100in[err])/atm 24hr. The
sanpl es coated for 11.25 seconds exhi bited an average oxygen transm ssion

rate of 0.190 cc/645. 16, 0 n e water
vapor transmi ssi onér ate g:?l%f ijo‘} E%%a%l%én{aée%%% |l?f[ g%??);y@{ 4hr. As
can ‘be seen f PBRFERE ?’é%’{ﬁ‘?%e’ilr?%rmf" $C8 CORPIISSTE 35 EVOH OPP fil s

coated wi th anorphous cespon gpesidddgbarbaerigr apenttings sebdapasdbteon itfhenot

better thang he, E”EBHQP&'@:)I%'C@F' o25Rn38MRLESind0". rﬁxquﬁanggecgﬁﬂ% on

transmn ssion rate
PCT/ US97/ 0514871 6XPBFet iRuEids @ EEPOHSEPPL 19 nbltdr @ 1CRPPACECBRIT®RT t han

the oxygen traageirsswhars it emicl eithglanerphors aldonelCEBpbLimer Tdeer is

anor phous nyl fj i hit.ed anps on rate of
0.070 and 0.2 F%4E£n% §3‘1@}#§r&% 5988 %E ?’]%/at n%%%rf : :{H% gt %:le coating
time periods S‘P 22 8d e 1t %%@%n&?“sf%gﬁ&ﬁﬂlé’l%wﬁﬁéym CHDFﬂ’ﬁqlrrs
exhi bited am ayépagepoXygete:rt raands poyseshphenaat e of 0. 020 and 0. 190
cc/645.16 cnjerr](100in[err])/atm 24hr, after the coating tine periods of

22.5 and 11.25 seconds 10 respectlveI% Therefore, the results of Exanples
5 and 6 il ustrat et hat /ARG ASCERALAT I Falm iz ¥BeFRiactdidance

organic coating is an amorphous carbon coating, and said
inorganic coating is selected from the group consisting of
$i0,, wherein x is 1 £ x £ 2, Al,0, and mixtures thereof.

15 3. A method for increasing the production rate of a
polymeric £ilm having barrier characteristics, which
comprises:

adhering an ethylene vinyl alcohol copolymer layer
having at least one exposed surface to a polymeric substrate

20 formed of a material selected from the group consisting of
polypropylene, biaxial nylon, peolyester and polyethylene; and
thereafter,

vapor depositing a barrier coating selected from the
group consisting of organic coatings and inorganic coatings on

25 said exposed surface of said ethylene vinyl alcohol copolymer
layer.

4. The method according to Claim 3, wherein said
organic coating is an amorphous carbon coating inorganic
coating is selected from the group consisting of Si0,, wherein

30 x is 1 < x € 2, Al,0; and mixtures thereof an inorganic oxide

coating.
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with the present invention. WD 97/ 37054
PCT/ US97/ 051 43 17 CLAIMS: 1. A nethod for producing a polyneric film
having barrier characteristics, which conprises: vapor.depositing a barrier

coating sel ggfffdsdsiomthe 5 group consisting of organic cqatl %Q?Gﬁ%d
i nor-gani ¢ coatings on an exposed surface of an ethyl ene vi ny(L al cohol

copol yner | ayer, wherein said ethylene vinyl alcohol copolyner |ayer is
adhered to a polyneric substrate is formedi®f a material selected fromthe
group consisting of polypropyl ene, biaxial 10 _nylon, polyester and N
pol yethyl ene. 2. 3-Th@ RBLROYAVRE RWMMPHS Elarnhavinkdrarniedai d or ganic
coating is arciaradreristiasboompondimg.a ardysetkdci sobgarite Coat i@yl ene
selected fromy; 2 opsi j{rggjf fo o r her el J rl.x
[err] 2, AlZBofygﬁdgrlrl%%?ﬁ?eg%ﬁie €0 ?laﬂérqo% %e M%rr%?h%d“fos}m{s%%ralégéi ng
t he producti A9 & ¥2pPTradpBryHEet PITTRTh&PRENEaPRi BRe chideactfesiaddi cs,
whi ch conprs sasiylaseringl aal ebiyl engsolivitigr ahgahothgopnd Wijodiakekakavi ng
at | east one e%&&g}%%qcsg(lﬁgggagg‘a pol ymeric substrate 20 fornmed of a

r

material sel éc om the group consisting of polypropyl ene, biaxi al
nyl on, pol yester and pol yet hyl ene; and thereafter, vapor depositing a
barrier coating sel.ect edef nantiheyeyr quplyeerdcSEiDng aécordaly @oCceabings, and

i norgani ¢ coaly 0 i sqd ce_o i I i.nyl
al coﬁol co olqi/ﬂn%%if’aggr%.g %.aigm%ie)@rret s}grafé:%cgr'sd%ﬁgg%‘g %gﬁ%&%z‘\\%ﬁgyei n said
organi ¢ coHl i$/F-acEedn LARBr PRBUSTUR FEIRCFAENEgCf nBP YERT ePYiedE n§ipxgial

sel ect ed fromyles,0polpestasi shd ngbBfethy@etlel.], wherein

7. The multilayer polymeric film according to Claims 5
or 6, wherein said barrier coating is selected from the group

consisting of organic coatings and inorganic coatings.

15 8. The multilayer polymeric film according to Claim 7,
wherein said organic coating is an amorphous carbon coating
and said inorganic coating is selected from the group
consisting of 8i0,, wherein x is 1 < x < 2, Al,0, and mixtures
thereof.

20 5. The multilayer polymeric £ilm according to Claims 5,

6, 7 or 8, wherein said barrier coating is a barrier coating
having a thickness of 10 to 5000 angstroms.

I



d04¥57 .
30 x is 1 [err] x [err] 2, Alferr](Jerr] and m xtures thereof an |W$%an|c
oxi de coati ng. WO 97/ 37054

PCT/ US97/ 05143 18 5. A multilayer pol yrreri c filmhaving barri g o, cpy-
characteristics conprising a polyneric 'substrate; an ethyl "‘1;’#,‘,}‘," | al cohol
copol ymer | ayer pqone si de wokismietl eStlsirbaRE, orasMEatiow apor  deyggPt ed
barrier coating on the side of said %”“é“f"f‘@/?"@ﬂ’e vi nyl al cohol copol ymer

| dyer t halNTEBNABISOENLL APPEICATION PYRBISHED UNPER (TAHEPATENT COPRERATION TRPAIY (PCT)
POl Y MEf 3§ Infekniaitnil AL ClasBifatloR O 2l M 5 M?flﬁh&nﬁﬁﬂam%pﬁ“b& SUbS’fW@ 97/5%954

f or med; of i frlp tthe group consi sting of
pol ypr opyggglqm gh%?'ﬁi;%?ggl ye S&r mndmpnﬂwennuwemm 7 90&Fdhe 1997 (09. 1097)
nmul tilayer—potrymertc fit rrraccgycu ng 1O ' 1|

coat i ng*® ntegnatiopsd peplicafiqndiumbelte  dr BTHHISEIARP @Dﬁgﬂs@#ﬂl % B@oﬁm
i nor g gwlnﬁgﬂomgﬁng Dlé \/ Zs%Iamh 193-‘;15‘8 Og% FI | aygﬁvl@%.ﬁ@. ﬁ'ﬁ k@ﬁ

Claim wherein said organic coating isjan anor phous car bon coati ng and

said ifn coating is selected from JLoup . consisting of SiJerr]|
s i dar

wher ei it err] I 1l err ; , ereof. 20
9. The multil agyer p")cil A;[gﬁrrééglkg@?ﬁ ﬁm acc]cj)gdl ng & Wﬁ%ﬁﬁ%g;éw

, timé LG foB amending the

whereijn_sai d barri coatin a barri el coatamgrdtate rrpgblighed inihc bemmed ge Gteipl )
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{57) Abstract

A method of producing a mnlnlayer polymeric film is accomplished through the vapor depaosition of a barrier coating onto an cthy]enc
vinyl alcohol copolymer layer, which is adhered to a polymeric substrate. A multilayer polymeric film exhibiting barrier characteristics is

als;xs accomplished through the use of an ethylene vinyl alcohol copolymer layer between a vapor deposited barrier coating and a polymeric
substrate.,
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