METHODS FOR | MPROVI NG BARRI ER OF A COATED SUBSTRATE

FI ELD OF THE | NVENTI ON [ 0001] The present invention is
w@eoenaiohy directed to nmethods for inproving ther/us2005/035819

barrier of a substrate coated with a barrier coating

conprising contacting the coated substrate with an

aci d. BACKGROUND | NFORMATI ON [ 0002] Pl astics have

f MBETHORS FOR IMP&Q;VMG BARR A COATEDR SYBSERATE

netal containers in packagi ng. Advantages of plastic

packagi ng over gl ass packagi ng i nclude |ighter weight,

decreased breakage and potentially |ower costs. An

advant.age of pl astd g PG AP B INQERTIORE 2 packagl ng i's
that plastic can nvre—ea'm—ry—‘o‘e‘g'e'm—g'rr
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oxygen-sensitive Itens and/or carbonated beverages.
For exanpl e, sone oxygensen3|t|ve products may become
di scol ored and/ o te exposures
t o oxygen, and cartons A—| ose their

[0002{Slr bonaplagticPhaReRuig méﬁeé%mgl LfseCéH rpladhinontd €oil Glass and
| owed to egress. [0003] Specifically, gases such as

metah Loptanalfdn eaeisﬁgﬁn% Aﬂva@aesﬁ of plastic Paﬁlé@gfﬁﬂtoé(ef glasagh
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€ oxygen p fy co s ant
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nit of perneation nmeasured as cubic centineters of
polym@geatepg\,ca@bmangroblem when such materials are used to package

oxygen-sensitive items and/or carbonated beverages. For example, some oxygen-
sensitive products may become discolored and/or spoiled ppon even minute
exposures to oxygen, and carbonated beverages can lose their carbonation or

: become"ﬂat" if carbon dioxide is allowed to egress! |

[0003] -Specifically, gases such as oxygen and carbon dioxide can readily
permeate through most of the plastic maferials commohly used by the packaging |
industry. The oxygen permeability constant ("P(O2)") quantifies the amount of |
oxygen that can pass through a film or coating under a specific set of circumstances
and is generally expressed in units of cm . mil/100 mchesz/atmosphere/day Thisis a
standard unit of permeatlon measured as cubic centlmeters‘of oxygen permeating
through 1 mil (25.4 micron) thickness of a sample, 100 square inches (645 square
centimeters) in an area, over a 24-hour period, under a pa&ial pressure differential of
one atmosphere at specific temperature and relative humidity (R.H.) conditions. As
used herein, P(O2) values are reported at 23°C +/-5°C and an R.H. of 50 percent

unless otherwise stated.



through 1 m| (25.4 mcron) thickness of a sanple, 100

square inches (645 square centineters) in an area,
WOY@6/0a19231- hour period, under a partial pressuPer/US2005/035819

differential of one atnosphere at specific tenperature

and relative humdity (R H) conditions. As used

herein, P(QGa) values are r_gﬁrted at 230C 50C and an

R H of 50 percent unl ess otherw se stated.[0004] One

of the common packing materials used today by the food

and beverage industry is poly(ethyl ene terephthalate)

hthAthstandlng i.ts wi desprea

" PET") .
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with an acid. The barrier coating does not contain
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organi ¢ or inorganic acl used according to the
present invention. In one enbodinent, the acid is a
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[0006] The presént invention is directed to methods for improving the barrier
of a substrate having a barrier coating on at least a portion of the substrate
comprising contacting the barrier coated substrate with an acid, wherein the barrier
coating does not contain an inorganic oxide or silica. Any organic or inorganic acid
can be used according to the present invention. In one embodiment, the acid is a
monoa¢id; exémples include but are not limited to lactic acid, nitric acid and acetic
acid. In another embodirﬁent, a r'nulti-'acid‘ is used. "Multi-acid” refers to acids .
having two or more acid functional groups. Examples include but are not limited to
_citric acid, phosphoric acid, tartaric acid, itaconic acid, succinic acid, EDTA
(ethylenediamine tetracetic acid), ascorbic acid, butanetetracarboxylic acid,
tetrahydrofuran tetracarboxylic acid, cyclopentane tetracarboxylic acid,
tetracarboxylic acid, and itabonic, citraconic, mesaconic, maleic, fumaric, acrylic,
methacrylic, sorbic vinyl phosphonic, ‘vi‘nyl sulfonic and cinnamic acids.

[0007] The acid is typically applied to the coated substrate from a water-based

or solvent-based solution. The concentration of acid in the solution can be 0.1



acid. In another enbodinment, a nulti-acid is used.
"Multi-acid" refers to acids having two or nore acid

wo oveional groups. Exanpl es include but are npCT/US2005/035819
limted to citric acid, phosphoric acid, tartaric
acid, itaconic acid, succinic acid, EDTA
(et hyl enedi am ne tetracetic acid), ascorbic acid,
but anet et r acar boxyl i ¢ aci d,” $etrahydr of uran
tetracarboxylic acid, cyclopentane tetracarboxylic
acid, tetracarboxylic acid, and itaconic, citraconic,
nmesaconic, maleic, fumaric, acrylic, nethacrylic,
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met hods are "al ready coat el 1 a barrier coating.
and/geearbpardioxide;tthat isethe canting exhibitsanesistgingectodthe passagy of

oxyeRELARRNNB8 Rl SRS ARGR bl ReRERREELAR Aipstance to

. the porividation of aRY ghsnis suffieicht © §asiFadee Bbating as a "barrier coating"
according to the present invention; certain applications may need a relatively high
fesistance to either carbon dioxide or oxygen, but not both, and certain applications
may need only a relatively Iqw resistance to carbon dioxide and/or oxygen.

‘; {0009] ; Any suitablve‘barrier coating can be used according to the ‘present
invéntion. In certain no‘nlimiting embodiments, suitable barrier coatings méy be

. those intended primarily as oXygen barriers exhibiting an oxygen permeability of less
than about 3.0, such as less than about 1.0, or Iéss than about 0.5 cm®-mil/100
inches?/atmosphere/day. Barrier coatings according to the preSent invention that
function primarily as carbon dioxide barriers can exhibit a carbon dioxide
permeability of less than about 15.0, such as less than about 5.0, or less than 2.0
cm3-mil/100 inches?/atmosphere/day. Suitable barrier coatings can be organic or

~ inorganic; specifically exgluded are barrier coatings that contain inorganic oxide 'or

silica. Particularly suitable organic coatings include epoxy amine coatings, such as



oxygen, carbon di oxi de and/or other gases through the

material. Any resistance to the perneation of any gas
wo s00s04®iTi ent to qualify the coating as a "bara1/6$2005/035819

coating" according to the present invention; certain

applications may need a relatively high resistance to

ei ther carbon dioxide or oxygen, but not both, and

certain applications my need only a relatlvely | ow

resi stance to carbon di oxi de and/ or oxygen. [0009] Any

suitabl e barrier coating can be used according to the
present. i nvention. In certain nonI|n1t|n§penbodinents,
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i nches?2/ atnDsp ere/ ay Barri er coatlngs accor
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[ica Parti cul arI sui tabl e organi C coatlngs i ncl ude :
groumpesgeqmetye "@oning rigsqtlmabty" astdHesidurd aonin ddndtionalitg” refer to

an argieGllrobS wih X fSat Shew g O Bhclipe ar MG dipt imited to

thosé E6ritaipeddh eimdty f SSNGARE or EREXY aire. hardth@rrnonnmutmg
coatings are comerci al | ¥> avai |l abl e from PPG
a

embqdigngsts: the bamries coating has basis fraetiam=lity ereresidugd fitngiprality
otheljtﬂafl%Hiﬂ%ﬂ:mﬁhbm&tdr%?lﬁona?ﬁ\[?;pe%ﬁctlcsrﬁﬁ &Ea‘éés?é functionality”

as am ne’func
and "remdmalcbmio functiordility” refemty bbsmogroopabr Bajorns haemgdu deast one

pair SR RS e on SRS e borbrante oviar ERbngs whess
pamé\aeam@e finpreRe 'a\&@o%@&f‘w‘érmm\%&%mﬁé‘g%sfe% [R&ntBPRan be

the reaction between Such a gr oup and anot her -
usedf unct i onal group, respectl vely. "Amine functionality"
[0015‘]nOI o ie uaa}lnet@1 coa |ng éjannctt)é %Bgllleé % the su%stra?e in any manner
known in the art, such as dipping, spraying, rolling, brushung, and the like.. The
barrier coating will typically bé at least partially cured prior to treatment aCcording to
the present methods. Cure can be effected by an approvpriate manner, SuCh aé at
ambient or elevated temperatures. The barrier coating can have any dry film
thlckness desured by the user, whuch will typlcally be 0.110 5.0 mlls such as 0.1 to
1.0 mils. - |
[0011] The substrate coated with a barrier coating can then be treated
according to the present methods by contacting the barrier coated substrate with an
acid, such as any of the acid solutions described above. It will be appreciated that
excessive contact with the acid could cause the barrier coating to wrinkle, swell,
and/or otherwise become dlstorted removed and/or delaminated from the substrate. -

Accordingly, the contact time wut‘h the acid is less than the time at which the coating



an amne nitrogen with at | east one pair of free
el ectrons, including but not limted to those

weonbaied in primary, secondary, or tertiary BOU/OS®05/035819
In other nonlimting enbodi ments, the barrier coating
has basic functionality or residual functionality
other than ami ne functionaligty or residual am ne
functionality. "Basic functionality" and "residual
basic functionality"” refer to basic groups or atons
having at | east one pair of free electrons. In other
nonl i mting enbodi ments, other coatings whose barrier

beginste el apg/evwankiec ok ymically: this tienerwi soabaiit 20rkeconds or less,
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y an appropriate manner
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oreaZh ik TP obi0 L0 paNEoR] PSS nBLfure pfgreater

than ex eqeall toe aoemwc)w-mmm eviich {$ theubmpedatate bhwhich heat set
barrier coatin winkle, swell, and/or otherw se

poly(sttyigne t@r@%mhe'gtﬁ) a® tyaieally 'Uﬁq -am nated fromthe
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[001%}3%2 ﬁm?mg %?rﬂtﬁﬁté\big% Iﬁgé sl?.?t the duttratd istReA diied, slith as by
- air drying or forced air dry. The substrate can be rinsed slightly, such as with

~ deionized water. ‘ ‘

[0015] " The acid can further comprise a colorant. As used herein, the term

| "colorant" refers to a dye, tint or any other substance that can impart color to the acnd
| Iayer For example the acid layer can comprlse one or more FDA-approved
colorants that are water and/or acidified and/or soluble, which changes the color of |
;the barrier coating, uniformly or nonunlformly ‘

[0016] - Any substrate susceptlble to gas permeatlon can be treated according
to the present method. As used herein, the term "treated" and like terms refers to
cohtacting the barrier coated substrate with an acid, as described above.
Particularly suitable substrates include those that have gas permeability, such as
polymers including but not limited to polyesters, polyolefins, polyamides, celluloses,
’polystyr‘enes, polyacrylics, polycarbonates, PET, and poly(ethylenenaphthalate) .

("PEN") or any combinations thereof. Following treatment, according to the present



surprising that the acid treatnment of the present
invention results in inproved barrier, as it is
whealobeyvieds t hat the acid may actual |y attack theCT/US2005/035819

exi sting barrier coating, although the inventors do

not wi sh to be bound by this. [0012] In one

enbodi nent, the acid is at_gr. near roomtenperature,

such as 200C 50C. It has been found, however, that

enhanced barrier can be obtained mhen t he aC|d is

heated to tenperatures greater than roomtenperature,

such as greater than 1500F (660C), 1Q0F; particul arl 4
methedi thetsubsiretes will tyricalhaveod P§Pekyalue pn&'@n@mlwmrate Lwer

wan REPQATERR or biRrisHEn e GbRS L BRI i Mg WobtHent. 1n

certalrymbilimititg Ehiboemeb @04’ Py canrseiowdped bpd0 fdreent, such as
barrier coated substrate and the acid can be by any ‘ '

by 7&pereent plopnan b8R8 Pereamtior gsedgr-spr ayi ng, di ppi ng,
rolling, brushing, and the like. Typically, a dip in
an acid solution wll be suitable. [0014] Foll ow ng
[001ZJont actAswided mdsrelratminlhsstdtbemumtexp:tesslyssndq:iﬁedd all edmbers such
air drying or for?ed air ubstrate

ch b
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use ereln eterm "‘colorant” refers to
numegicahrangst neetted; beminiciatendsed t@ancludp alltsubgianges @Ubwmed

thereff), ac! Swﬁﬁ}cgn%gsgggl}&ﬁ% a@gf\/ ?%kg a%ﬁ%oaz?&gu%fﬂé}e?r? the term

po|yﬁfe¢|'/ R'méantdbirefed tapedpiyraels)bligometd ahd bbﬂtﬂlmmopdﬂ?mers and
color of the barrier coating, uniformy or

copolysirifi therrretix ‘qals referat) twevEMAee susceptible to gas
. perneation can be treated according to the present
nmet hod. As used herein, the term"treated" and |ike
terns refers to contact MMIF\EE arrier coated

[0018c']UbSt "Fhe fwlltt)whm%nex%?np és are In enc[edO t%dlllgsklrate the mventlon and

should not be construed as limiting the invention in any way.

- Example 1
[0019] Six, 16 fluid ounce PET bottles were sprayed with BAIROCADE

commercially available from PPG Industries, Inc., following the manufacturer's
instructions, cured at 180°F for 8 minutes, to dry film weight of 300 mg. The coated
bottles were immersed for 15 seconds in 1 percent acid solutions heated to 185°F as
indicated in Table 1. Transmission rates in cc/péckége/day were tested using a
Mocon 261. | o



Particularly suitable substrates include those that

have gas perneability, such as polyners including but
wmedochimmit ed to pol yesters, polyol efins, polyapriTes2005/035819

cel l ul oses, polystyrenes, polyacrylics,

pol ycar bonat es, PET, and pol y(et hyl enenapht hal at e)

("PEN') or any conbinations7thereof. Fol I ow ng

treatnent, according to the'presentnethod, the

substrates will typically have a P(qg 2) val ue or

transm ssion rate | ower than the P(U2) val ue or

transm ssion rate of the substrates wi thout the .

treatnent. In certain nofABNE 1 ng enbodi nents, the P(q

2) can be | ovwered by 50 narr-ent’ ouu“'as by 75 percent

or even by 9@%pép@é%@“99 greatefnapﬁﬁﬂﬁ?oﬁs usled.

herein, upj: otfTeT Wi Se expressiy gjgegi 11 ed, [l

nunbers spéh as those expressing val ues, ranges,

amount s of lgeticcent ages nmay be read #=20f prefaced by

the word labout” even if the term-dges—net—expressly

appear. m?c?ﬂﬁmri cal range|reci tedmépel n |s | nt ended
to include ﬁ‘bépno L T anges SUbSUMEd (Gia e| n Prural
enconpasse 53 singular_and vi ¢e versa. used
herein, theartagicn " pol yner” ils meant (10r84r efer to ‘

prepo| ymeg rs—ahd—hot h-horppal VHEFS—at d

copol yner ‘“'t'f“he prefix "pol y" refergﬁsg two or| nore.

EXAMPLES [0018} —The fottowng exanpies are i ntended to

illustrate the invention, and should not be construed
[0020fs i mﬂhertgaﬁslnmssnomeatemfra BA”&WA@E cotednPEE bottjedis tgpically

02 +hRochhsrapsmiRsian iy obabpl B BT ISR I AY frggtment

: I TaAGEBFSedSoméist r uct i ons, cured
Ofthéapféfg&)@%gﬁbrgglrﬁﬁmée% to gqupy fel I'm wei ght of 300 ng.

The coated bottles were i mersed for 15 seconds in 1

percent acid sol utions t9o 1850F as indicated in

Table 1. Transnission rgﬁgﬁs—'ﬁ}ic/ package/ day were. ‘ ‘
[0021]est ed AiglaBfic Bottle, such as a PET bottle, could be coated with an epoxy-

amine barrier coating, dipped in a room temperature acid solution for one minute, -

and an acid solution heated to 185°F for 15 seconds. The transmission of the room
temperature acid treated bottles would be at least 10 percent better (that is, the
transmission would be at least 10 percent lower) as compared to the bottle without
an acid treatment, and the transmission of the heated acid treated bottles would be
at least.70 pefcent better (that is, the transmission would be least 70 percent Iower) |

as compared to the bottle without an acid treatment.

[0022] Whereas particular embodiments of this invention have been described
above for purposes of illustration, it will be evident to those skilled in the art that
numerous vanatlons of the details of the present invention may be made wnthout

departing from the mventlon as defined in the appended clalms ‘



Mocon 261 . TABLE 1 [0020] The transmission rate of a
BAlI ROCADE coated PET bottle is typically .02 .002. The
wo c@nasmossi on rates of all of the bottles recepPeT/mgHe35819
acid treatnent of the present invention were therefor
all inproved ones. Exanple 2 [0021] A plastic bottle,
such as a PET bottle, could be coated with an.
epoxyani ne barrier coating; 8 pped in a room
tenperature acid solution for one mnute, and an acid
sol ution heated to 1850F for 15 seconds. The
transm ssion of the roomtenperature acid treated
WHAbIOFQb?_NI\WEWI@Bbe at 'l east 10 percent better (that is,
he transm ssion would be at |east 10 percent |ower)
as conpared to the bottle w thout an acid treatnent,

pot 11 o RiRad ki P g AR BE AR SublsRoilg p i

' coat’hb%ﬁ étﬁéé@aﬁ?bﬂi@n@dh@' sbbsttte YomsHishey eentiactinyvie) basier coated
npared to the bottle w thout an acid treatnent.

subsﬁr@@mth wneaaid.svherein the karrieheertingdees oet ¢antain inorganic oxide
ventlon have been descri bed above for purposes of
‘ustration, it will be evident to those skilled in

the art that numerous variations of the details of the

resent_inventi th t f
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IS CLAIMED IS: 1. A nmethod for inproving the barr| er
of a substrate having a barrier coating on at |east a
pdd.t i onlhe mefteod; abEtaimt & vorarpin tbieragid isna autlti-agid: he
barrier coated substrate with an acid, wherein the
barrier coating does not contain inorganic oxi de or

- sidi ca.The mEtgodret BRI, Wherein the adi¢isdittictauid.aci d is
a-nmonoaci d. 3. The net hod of O aim 1, V\herel n the acid
is a rrultl-ac:|d

or sul5

5. The method of Claim 1, wherein the acud is in solutlon

6. The method of Claim 5, wherein the solution is water-based.
7}. The method of Claim 5, wheréin the solutioﬁ is solvent-based.
8. Thé method of Claim 5, wherein the concentration of aqid in the

| solution is at least 0.1 weight percent.

9.  The method of Claim 5, wherein the concentration of acid in the

solution is 0.5 to 5.0 weight percent,

10. The method of Claim 1, wherein the contact time is less than the time

at which the barrier coating begihs to swell and/or wrinkle.

11. The method of Claim 10, wherein the contabt time is 20 seconds or

less.



4. The nmethod of Cdaim3, wherein the acid is citric
acid. 5. The method of Caiml1, wherein the acid is in
woeoloahioms 6. The net hod of Caim5, wherein tFer/US2005/035819

solution is water-based. 7. The nethod of O aimb5,
wherein the solution is solvent-based. 8. The nethod
of aimb5, wherein the congentratlon of acid in the
'solution is at least 0.1 weight percent. 9. The nethod
of Cdaimb5, wherein the concentration of acid in the
solution is 0.5 to 5.0 weight percent. 10. The nethod
of Caim1l, wherein the contact tine is | ess than the
time at which the barrier coating begins to swell

EHe- comfechelibioraly ToTRhAREn Bhe Faflal e 8 sBefings or

|é§s.of d ai m 10, wherein the contact tine is 15 seconds or
| ess. 13. The nmethod of G aim1l, wherein the acid is
at a tenperature greater than roomtenperature during

i3 oi 1 Erneltfaiprieint 4, whBfsifFhe Bt ety Tepafatpre greater
than edors terapetaturbdiiting thé.coﬁtai:timgtdllepl. of daimb5, wherein

the solution further conprises one or nore col orants.
16. The nmethod of Claim 1, wherein the barrier coating

' 514°r 98hemethod &r@aﬁ'ﬁtﬂioﬂlhefenﬂﬁé g;igﬁs grn’ﬁﬁéﬁuberétﬂfe of

barrier coating c nprlses epoxy an
‘greateutieni @mexdial yo 4bA7%For- r esi dual epoxy and/ or resi dual
am ne functionality. 18. A substrate treated according
to the method of Caiml.

15.  The method of Claim 5, wherein the solution further comprises one or

more colorants.
16.  The method Qf Claim 1, wherein the barrier coating is organic.

17.  The method of Claim 16, wherein the barrier coating comprises epoxy

and/or amine functionality and/or residual epoxy and/or residual amine functionality.
18. A substrate treated according to the method of Claim 1.
19.  The substrate of Claim 18, wherein the'substrate comprises PET.

20. The substrate of Claim 19, wherein the P(O;) of the treated substrate is
at least 50 percent less than the P(O;) of an untreated substrate.

21.  The substrate of Claim 20, whereln the P(Oz) of the treated substrate is
at least 75 percent less than the P(Oz) of an untreated substrate |



19. The substrate of Claim 18, wherein the substrate
conprises PET. 20. The substrate of Claim 19, wherein

WO bwe®(1@2y) of the treated substrate is at | easeCB0S2005/035819
percent |less than the P(O) of an untreated substrate.
2 1. The substrate of O aim 20, wherein the P(Q2) of
the treated substrate is at east 75 percent |ess than
the P(Q2) of an untreated su strate.22. A nmethod for
improving the barrier.of a substrate coated with a
barrier coating conprising amne functionality,
conprising contacting the barri er coated substrate
wizzh arA awtbod &3 mﬁnevmgth&) Hawter Of ai subaraterteated withha barner

coating SPFRSS Hae s fumshOaiTE SRbRiR o FBRkfe 355 Baler spated

substrafe Witd aR)acd. the treated substrate is at |least 75
percent |ower than an untreated substrate. 25. The

msthod of . aim22, wherein the P(Q2) of the treated

e P Rt o G2, JHETER g FeFer g urther comprises

epo b6pSof RsidlidPthepdoft he treated substrate is at |east
percent |ower than an untreated substrate. 27. The

rrethod of Cdaiml, wherein the P(Q2) of the treated

LT 88, il bEERIm S, AR tnb PI1ES,) bR ibted subétrate s

un reat e rate
at least 75 percent lower than an untreated substrate.

25.  The method of Claim 22, wherein the P(Oz2) of the treated substrate is

at least 90 percent lower than an untreated substrate.

26. The method of Claim 1, wherein the P(Oz) of the treated substrate is at

least 75 percent lower than an untreated substrate.

27. The method of Claim 1, wherein the P(Oz) of the treated substrate is at

least 90 percent lower than an untreated substrate.



