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BARRIER COATINGS USING POLYACfDS
Field of the Invention

This mvention relates to the preparation of barrier coatings and particularly 'to flavor,
aroma and gas barrier coatings on films for use in packaging.
Backgronnd of the Invention

The pharmaceutical an& food industries have, over recent years, increasingly provided
products in a prepackaged form. Fruit and vegetables for example, apples and tomatoes, meat
and cheese are often prepackaged in a tray and the tray and the fruit are covered with a
transparent film.

One of the most important requirements for films used for packaging applications is that
they should protect products from aromas or odors in the vicinity in which the prodﬁcts are
stored, i.e. they should act as barriers to such aromas or odors. Similarly the films are utilized as
barriers to prevent strong smelling products contained in packages from tainting the surrounding
area with their arox-na during storage.

Oxygen barrier coatings are utilized to-prevent the ingress of oxygen into products with .
a view to extending the shelf life of products and carbon dioxide barrier coatings are typically
utilized to prevent the release of carbon dioxide from rigid plastic bottles holding carbonated

» U.S. Patent No. 5,215,822, describesl a process of controlling the impermeability of a
ﬁlnz to gases by mixing a vinyl benzylamine silane With an ethylenically unsaturated carboxylic
acid e.g. itaconic acid, in a solvent, solubilising, hydrolyzing and equilibrating the resultant
solution and applying a layer of this solution on a corona treated low density polyethylene film
and drying the resulting film. The coated film is then subjected to an electron beam radiationto
graft the éoating to the ﬁl‘m surface and further improve the gas barrier properties of the silane

coating. The vinyl benzyl amine silane was also co-polymerized with 3-(2-amiroethyl)-



Abstract: A process for treating a surface of a substrate to irrprove t he
oxygen, carbon dioxide, flavor and odor gas barrier pr opetr, ;é %[% O?Qe
substrate with an organic acid having at |east two acid sub t’aT H
selected fromthe group consisting of a polybasic carboxylic acid, a
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of a fldaamﬁmmmymmeng a vinyl benzyl am.ne silane wi.th an
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compounds including one or more . polybasic acid(s) to form a transparent film with good gas
barrier, transparency and mechanical propertles foruséasa packagmg matetial.
Japanese Application No. 9112521 1/La1d Open (Kokal) No 4325545 describes a
composition of a polyester (A), prepared by copolycondensation of a terephthalic acid, a glycol
) and a polybasic carboxylic acid having at least three carboxyl groups, with a branched

pol:,.rhester,(B). The terephthalic acid was used in the form of a mixture with isophthalic acid and
aliphatic dicarboxylic acids and the polybasic carboxylic acid with three or more carboxylic
groups is used in one alternative 1,2.4-benzenetricarboxylic acid or 1,2,4,5-

| benzenetetracarboxylic acid. The resultant product is said to be useful as a heat sealing material

for food packaging which prevents the permeation of food flavor through the packaging



graft the coating to the filmsurface and further inprove the gas barrier
properties of the silane coating. The vinyl benzyl am ne SQS%Q% g\%oﬁl SO
by

co-polynmerized with 3-(2-am noethyl) 1 25 August 2004 amn

trimethoxy silane or ganmma am nopropyltriethoxysilane prior to mxing with
the acid. The resultant m xture was then used to coat the rel evant ,
subst r at®atexpdi. | st these coatings gave excellent gas barrier properties at
|l ow to noderate relative hum dity-values, the gas perneability was |ess
sati sfact ory HiS. PateyNosgh26@ B350 andes, 374480 ideseriby a kiliesne-doatigglebnigositioh he use of
el ectron beamradiation may |l ead to cross-linking or chain scission in
under | yi wgicR!vlhicifed o W14 altRfate Withd} by ARFOBId BPEetRRbelh rhd@Rtinl frovides
properties. U:S. Patent No. 5,368,941 proposes a deformabl e,
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coating conposition fromgelling during stripping and is also said to

provi de Silaee, susing thy mpdifiedsiiaag vih ableag epeaordisi monoper and thereafteraddingf i ci ng
abrasi on resi stance. Japanese Laid Open (Kokai)No. 09165483 proposes the
pr epar atdobaidaksilécar esi n  conposition by reacting an ethyl ene/vinyl al cohol
co-polymer with a variety of alternative conpounds including one or nore.
pol ybasi a acildpanesd aid Oper @ okal) Niss 1003206 prdpobeda\bbinBodeeiifos a gadtmktidrer ,
transparency and nechani cal properties for use as a packaging material.
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1, 2, 4-benzenetri carboxyljc acid or 1,2,4,5- benzenetetracarboxyli-c acid.
The r es®rF pdowergliadigopni R’ s ailoweralid erpupsanyl ogan ynabwated dlimhatigmagbyeRi*as  f or
food packagi ng which prevents the perneation of food flavor through the
packagi rH) Iawalldl gyl 201, RZ, RS and/or RO are H. The resultant polymer is proposed as a

gas-barrier coating for a packaging material.

Summary of the Invention

In one aspect of the present invention, there is provided a process for the preparation
of a barrier coating comprising the steps of*

applying an organic acid to a substrate to form a layer, and drying the layer; wherein
the organic acid has at least two acid substituents and is selected from the group consisting of
a graft polymer, a polybasic carboxylic acid, a polymer of an unsaturated carboxylic acid, and

a co-polymer of an unsaturated carboxylic acid.

One embodiment may relate to a process for treating a surface of a substrate to

provide improved gas barrier properties.



material.. -U S Patent Nos. 5,260,350 and 5, 374,483 describe a silicone
coating conposition which, when cured on a solid substrat ezglpa_{aggtbm&
ultraviolet or electron beamradiation, provides a-transparent abrasion
resistant coating firmy adhered thereon. The silicone coating is prepared
by reacting at |east one nultifunctional acrylate nononmer with an

am no- or ganof unctional silane, mxing the nodified silane with at | east one
acrylic nmonagner ag;leg t here &%r addi ng col Iq]idal_ si | i-(f ) Jap%ﬁese Lai d
Open ( Kokai )IRNg©then2spess G thgortssent 1R GmHER: thedn it BFovidegad BeAied aypbstialsat i ng
conprising a water dispersed polyner |=‘gre ared by emul sion pol ynerization of
an a arirewsséd apgerdiig tolsay o6 thaulreceRsendrn e #bioyR3) W( OR4) z where Al is an

al kyl ene group, R is H, lower alkyl or A2-N(R5)-R6; A2 is a direct bond
or an al kyl dneyeganetheiRisped®nf the grdsbntaineerttionpthese isopyevidad layl oxypenjrarded i s a
| ower al kyl group, aryl or an unsaturated aliphatic moiety; R4 is H, |ower

al kyl  ofio:a84,lodanshdilavolRgas H%%dém{éém%é%@nws&ioﬂ-com@ﬁsihgﬁul tant polymer is
proposed as a gas-barrier coating for a packaging naterial. Summary of the

Invention | ’tp%%r Ehdid Héviltlé]gtflgés?E@@Earb%i@%kﬂ%o%e{h%.oirganpcr ﬁ& &g 2

process for the preparation arrier “coatl hpri sT ng e st%ps of :
applying an organic acid to a substrate to forma |ayer, and drying the

| ayer; Srieetediffom the@roymponsistigpfr has at | east two acid substituents and is
selected fromthe group consisting of a graft polymer, a polybasic

car boxyl i ¢ acgrdft palypek hawng ebackbone sdeatedifren thapghvapywbhsistipicf, and a
co-pol ymer of an unsaturated carboxylic acid. One enbodiment may relate to

a proceag@rdxgethyhdalidchdats afdl pél?gm Rhinfiné WithtanalnRadfutdd QYbSI§IiE AR Qyattdoas
barrier properties 3 25 August 2004.In anot her aspect of fhe present

inventignthere is provided a treated substrate prepared according to any
of the procésses defined above. In yet another aspect of the present
i nvention, theg}feq' odor and.f) avor

iS provided.an. o n, .carbon di.oxi de., .
gas barri er CHHING THRYL DL PR EoRp possitiEalipeons adriieng at
| east ta\gﬁi, (s:l?crcg}?c):( gc!,icil,ceﬂ%((icieh%d%;n%g ?e’tra(t:ert]i% a?:ir X gsTo?bi? gci:ig, t?u%imrc]e?etracarboxylic acid,

tetrahydroﬁ.trén tetracarboxy-lic'acid, c:,;cl'opf.:r.ltane tetracarboxylic acid, and benzene
tefracarboxylic acid; and -

a polymer or copolymer of an unsa£urated carboxylﬁc acid selected from the group
consisting 6f itaconic, citraconic, mesaconic, maleic, fumaric, acrylic, methacrylic, sorbic, and
cinnamic acid; |
and at least one other component selected from the groub consisting of:

(ii) 2a compound of the formula: R;X3_,Si(CHp),,Y
Whefcin each R is selected from the group consisting of a hydrogen atom, and a hydrocarbon
group with 1 to 10 carbon atoﬁis group; each X is selected from the group consisting of an
alkoxy group with 1 to 4 carbon atoms, a halogen atom, an oxime group, and an acyloxy
group; Y is selected ﬁ'om thé group cc;nsi'sting of an epoxy group, a methacryloxy group, an

acryloxy group, -NHp, and -NH-(CH»)pNH2; ais from0 to 3; b is from 1 to 6; and » is an

3a



selected fromthe group consisting of: a graft polynmer having a backbone.
selected fromthe group consisting of hydroxyethyl nmet hacr;ﬂ aAL[egH 04

pol yet hyl eni m ne with an unsaturated carboxylic acid grafteés ereto; a
pol ybasi ¢ carboxylic acid selected fromthe group consisting of itaconic
acid, citric acid, succinic acid, ethylenediamne tetracetic acid,

ascor bi cifgded froRUf ASL et racarboxylic acid, tetrahydrofuran tetracarboxylic
acid, cyclopentane tetfracarboxylic acid, and benzene tetracarboxylic acid;
and a pol yner,. copol X.r.rer of- an unsaturated carboxylic acid selected from
the group’ ;-cgﬁiﬁ- ﬁ'& 0 g Ini ¢, citraconic, nesaconic, maleic, fumaric,
acrylic, nmethacrylic, sorbic, and cinnanmic acid; and-at |east one other
conponent  sel @¥@W!vepisglecied fignothp sompsadisting obhn alcohol, m edprpawsEr,af t he
formul a:. RaX3-aSi (CH2)nY wherein each Ris selected. fromthe group o
consi st i hytresarbenrandveatrenamt om  and a hydrocarbon group with 1 to 10 carbon
atons group; each X is selected fromthe group consisting of an al koxy

ith 1 (vpafhll | ' g
group W (vpa filleaeleered foRithe gl%ﬁ??ﬁx%%ggggf" Sidond e, i héﬁ%ﬁh‘%lﬁj&éﬂg‘gwaaoup,

acyloxy group; Y is selected fro up consi s

a met ha rpu -NH2, and -NH (CH2)bNH2; a is
fromoO %wé?ﬁgonﬁc%g?ﬁﬁp C?Ig]%%?l&g%%‘a%’ ﬁg&%ﬁroggﬁg% ?YQ(Z@CﬁA 1Gafseger from 1

to 12; a.condensation catalyst; (iv) a solvent selected fromthe group
consisting of an al cohol, an ether, an ester, a' hydrocarbon, and water;
and (v) a filler selected fromthe group consisting of silicone resins,
silica, magnesium oxi @RytheiCldoditbRiAIPEE AURHRRE Er@ate&@'itﬁ'cHQﬁrfg%' e@é?sﬂﬁ&l?y
finely ground quartz, and | ayered sili'cates. Further enbodi nent may be
substrates. f.reat.ed with coatings essenti all consi sting of a polybasic
car boxy{4*s %ﬁ%&p‘ﬁﬂy]}?é}cy‘??é 0 ﬁ a(%is Bof &t and ARPIYTRE (0§ ST2ANL AEESL 1 at e
excel l ent gas barrier properties at |low to noderate relative humdity
val ues. dempsirpiersxselient za® bpmige prenestissaatdowutopmioderatgl selative dumiduy velvsst r at es
treated with a conposition .

Furthermore, the inventors have surprisingly found that substrates treated with a composition

of the acid with one or more of a variety of additives demonstrate excellent gas barrier

propetties at low to moderate relative humidity values.

Detailed Description of the Preferred Embodiments

3b



of the acid with one or nore of a variety of additives denonstrate

excel l ent gas barrier properties at |ow to noderate rel at i2‘5§gj§g§?éﬂoﬁy

val ues Detail ed Description of the Preferred Enbodi nents 3b ugust 2004
The present invention is a process for treating the surface of a substrate

with an or gartepresaf iflvdiivh B Focds8 36! trdatifg B RORYE biCa AfbksHlatd AP orphGE el N
the organic acid is selected fromthe group consisting of a graft ~polyner,

a poly | 10, 6 ' ' : I ' iy | hc acid

and o COLI AR ARG b BPILE 28 Bk ShorP HE AN IR oo ORARINEE T ce
applying the acid op to.the substraie.to forma layer and drying the |ayer.
e HotmSraRtie Pha ERBasDIoHR PHE b b G Arids GOl Ph A BB i 1
to which side chains of carboxylic acids are attached and the backbone may
be any Aoyl add and per-pakymer of amprsstusated earhpxrdicasidy whighoproessacomprigasunds

may be grafted. In particular, backbone polyners used in the process of

t he pr epplying the ecidionrto theysubsiraetocforad layeo emd Heyingythe lgyee.onsi sti ng of

hydr oxyet hyl net hacryl ate and pol yet hyl eni mi ne to which any suitable

unsat ur at ed TRIds phlymePitiatopblneR Sudldcafidintorfieth Maih tieksRidhedto! T the

. 9
organic acid is a polybasic carboxylic acid, it may be selected fromthe

group . al [ [ .

Ot byl enad s ighr cabBROR: Seide il poal i BEBCERAY s B dlpropriaee
tetracarboxylic.acid, tetrahydrof.uran tetragcarb | i i d, cycl opentane
ot rac PBRATP SEBicaboxFE fid FuRboRdhparai R b srefied ThpllE Vel y it
the organic acid is a _polyner or copolynmer of an unsaturated carboxylic
aci d, ibackiione polymees ysed insthg peocesne the peesent drventipo may he sgleoted froonthiest i ng of
i taconic, citraconic, nesaconic, nmaleic, fumaric, acrylic, nethacrylic,

sor bi ¢ graupdconsistegoithydoixysthyleethairylate rasd pbdlytthylenimiat to ahicth agisbitable i ¢ aci ds
descri bed above nmay be used with any appropriate unsaturated nononer -

sel ect eglsdtiaredidamboxidatkd SRhss Sfatdfc adid aty HRidigfequnsat urat ed car boxyl i c
acid referred to above, ethylene, propylene, styrene, butadiene,

L T, 30 SR O LA, O Wt BURTBE AR 125 =
e S5 d el IR S RO i bRl Ay
Raxs- a%éo%}%)agigi bl?taxﬂz tetracarboxylic acid, tetrahydrofuran tetracarboxylic acid, cyciopentane
tetracarboxylic acid, and benzene tetracarboxylic acid. Alternatively, if the organic acid is a
polymer or copo]ymef of an unsaturated carboxylic acid, in which case it is preferably
selected from the group consisting of itaconic, citraconic, mesaconic, maleic, fumaric, acrylic, |
lﬁethacrylic, sorbic, and cinnamic acids. Co-polymers of the unsaturated carboxylic acids
’ écscribed above may be used with aﬁy appropriate unsaturated monomer selected from the
grou;J consisting of any other unsaturated carboxylic acid referred to above, ethylene,
propylene, styrene, butadiene, acrylamide and acrylonitrile. The polymer or co-polymer
preferably has a molecu]ar'weight of from 200 to aboﬁt 1,000,000.

While the organic acid may be used alone to treat the surface of a substrate, it may also

include additional components such as a compound (i) of the formula R ;X3.,S1(CH2),,Y , a



25 August 2004 condensation catal yst (ii)which nmay be used when conpound
(i) is added to the acid, a solvent (iii), or a filler (i ani c
acid may be used, for exanple, with a compound (i) of the %%Aryépgt%g - 11
-wherein each Ris selected fromthe group consisting of a hydrogen atom

j - _4Si (ddnddndhnion canddyst (ipwaicrappbougd edien woinpolind @) i3 Addednd dre aaidoasolpart
group, for exanple a saturated or unsaturated aliphatic or aromatic group,

for exa@ gwgqﬂ@}{i‘yj_, al kenyl or phenyl group, preferred groups are nethyl
and et hyl”the nost preferred of which are nethyl groups. Each X is

selected fromthe group CoORmsi sti of ah alkox QUP:W 4 carbon
atons,. a hal ogeHs4EY BAY M4 8%?9%5"3Péﬂ@%ﬁ‘%%“%’@%%‘%ﬂgﬁ%p%’"‘g@at hese

al koxy groups. for exanpl e nmethoxy iand et hgxy are pr.ef,errgg apd net hoxy
groups Be¥31ad¥CHeY dtherin caphiKissglegted ftpm thsrarovRcqpsiSpe ebmRYLPERAOR an
epoxy group, for exanple a glycidoxy group or an epoxycycl oal kyl group, a

mef t 61 YAl ahydr@iaehti gro@with 11tb 08 ¥alba didms perigraupsifor kchrhfle2)satdrited ar i s from
O0to 3, and is preferably 0, bis an integer froml to 6 and is preferably

2 and | ' : 2 A I, r. r nost
o of or aBjan e BRREE of &idFalic pioup tor SRS aRAVEARIN dhohf ekt

h “eac I'S a nmet hoxy
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trimet hoxysi lane. The condensatioji- catalyst (ii) may be used w th conpound
(i) to damanyeximegoupan anncyloxy groupopfibesedatkeny srampsfouemplemehoxpand ess
of the presernt invention always contains at |east one am ne group, and

t her ef ogthoxydrk prefervalmdandthogedratipszae trivst prafeered ¥ ds sedevtdddremn e goupnt .
However, the -cure -may be accel erated by use of a catal yst. Furthernore,

conmpou n%s@tmgioﬁéméﬂo&? groip! £ eRArRple AlglybidoxyLralp & 4 dpoxgiyelalkyl goapia as

used in the exanples Tor conparative purposes, wll require a catalyst to

at | easp i i AL, oAbl R anE At alyshrofBYiolE afdified, 5
25 Augu%?ih%rg@?gi[&g{’(?n% %x?g%&ughﬁft ani umqgg%g%un S or gm’ ngs ‘may be
utilized.

preferably 0, b is an integer from 1 to 6 and is preferably 2 and » is an integer from 1 to 12

and is preferably from 2 to 4 most preferably 3. Best results are obtained by use of
coinpotinds in which each X is a methoxy group a is 0 and 7 is 3. Most preferably compound .
() is seiééted from ;[_he group consisting of gamma aminopropyl trimethoxysilane,

' g]ycido.};-ypropyl trimethoxysilane, methacryloxypropyl trimethoxysilane,
ethylenediaminepropyl ﬁimethoxysilane and B-(3,4-epoxycyclohexyl)ethyl trimethoxysilane.

“ The condensation catalyst (ii) may be used with compound (i) to catalyze the cure -
process. Compound (i), when used in the process of the present invention always coﬁtains at
least one amine group, and therefore will always self catalyze the cure reaction to some extent.
However, the cure may be accelerated by use of a catalyst. Furthermore, compounds of a similar
structure not having an amine group present, as used in the examples for comparative purposes,

will require a catalyst to at least initiate cure. Any suitable condensation catalyst may be added,



Whil e a process according to the invention may proceed using a solventless
system the acid alone or in conbination with for exanple (;Q@Qtl% (i)
may be dissolved in a solvent (iii) and subsequently appl izgd rom 4
solution. This is usually carried out with a view to reducing the total

sol i ds | | | L ng:application particularly
in rel g?%p égﬂn ge, ?ggggamﬁv%%g}r@%ap Oglgi{?%?li,%%ﬂpstsm%z%gﬁhzggd. I n general, alcohols
and bl ends reof are suitable solvents because the acid and where used
conpound (i ;\;}ﬁ@? 3, POCESS PEATUNE HLthE inventpamay PrCedsig & SOREnHess sYstemm(the he
substrate. Preferably, the-solvent is non-toxic, and does not extend the
dryi ng aidrtonsfor in eaambingtion Wity fonexamplemesponnd (iymax begisstived ipesolyent (iihe
anmount of solvent may range from about 1 to about 99 parts by weight of *°
t he t otaad susegqesily applied fidm slytionf Thialid ysubllyearfbbott With 4 viewabfdiciptheart s by
weight of the total conposition. Preferred solvents (iii) are alcohols for
exanpl getalgalideaied ghdi@ dhtroNcdat Qr@%ﬂ%uring'aﬁ?ﬁéa%ﬁgﬁhcm% A¥elatiof Rfkases

1- met hoxy- 2 propanol, the nost preferred sol vent being nethanol.

Al t er nagy il’@]s 4] I NGl n_e L, for . exanpl e
et hyl gﬁ?}éere% éagilnlysgg%%r og(lﬂ Iggélﬁ%?éaéé%ﬁ&gcbé%gf gl,%%é’?ﬁl? Enggbalt? %oé%,qs_or- exanpl.e
cycl ohexane, ,and .water. Any. appropriate filler (iv) y pe added to the

o o PSS S A AR S i FRouth B anre polpble iy Theseleried Selecnsamet{ e
from for exanple, silica, magnesium oxide, clay, diatomaceous earth,

cal ci uet thesubsirate. Brefewbly. thesalvantds aen-foxim and dgasmetiexdend thedaving tirag pHus

ot her optional additives can be added to the acid for treating of the

sur f ac¢hedayen bepkdsitcoatneercidleaweeptdble pened Thaymbentaddeldemmaaangestbrand i n any
anount as long as they do not reduce the performance of the gas barrier
coat i ngboad tb hbsig 9 @h@@‘bﬁwﬁ_&ighfbf@@w kempiticiPaidtié MRferablP GbMdBoddkl thi onal
additives as earlier described, antiblock and slip aides such as ' y

st ear aghglf 95 nAHER/N ?ht(ﬁfth%fglégmﬁési -ar additives, such as epoxi des,
ygi dols o uc

pol yol s, gl pol yam nes, " s as pol yethyl eni m ne. Furthernore,:
col | oi dal sigl i %tﬂ I s..on other. nolecul.es hayving four 6.25 August
2004 al koxy%%fgo %Mﬁ%éirlﬁ%z%%qhggﬁ %?P&ﬁ’ébe&aga’sﬁ‘a%ﬂsﬂ?{ﬂp%“% | i cone or
ot her organonetallic atom _ such as tetra ethoxysilane, and the |ike nmay be
Otil i 2 SgPrORRRQ W@Sé‘ﬁ%‘i etheRy-4prapan o'ﬁ%%%&f&flﬁafﬁéaf’ YPRPRIng frRstnol nmy  al so
be added as may pignents and dyes. -1n a process according to the
i nvent Nﬁ{natlmsqivﬁa& wikjich max be wilizaddnelpds aneathanfor example oyl eflagr) ameptenfor
substrates, including, but not limted to polyolefins, including oriented
exampie ethyl acetate, a hydrocarbon for example cyclohexane, and water, o :
Any appropriate filler (iv) may be added to the acid alone or with for example
compOund (). The filler may be selected from, for example, silica, magnesium oxide, clay,
diatomaceous earth, calcium carbonate, finely ground quartz and layered silicates.
Various other optional additives can be added to the acid for treating of the surface of a
substrate. These additives may be added as desired and in any amount as long as they do not
reduce the performance of the gas barrier coatings as illustrated herein. Examples of additives
include additional additives as earlier described, antiblock and slip aides such as steararnide,

oleamide, erucamide or polar additives, such as epoxides, polyols, glycidols or polyamines, such |

as polyethylenimine. Furthermore, colloidal silicas and silanes or other molecules having four



pol ypropyl ene (OPP), cast pol ypropyl ene, polyethyl ene, polystyrene;

pol yol ef. m copol yners, including ethylene vinyl acetate, et lic
acid, ethylene vinyl alcohol (EVOH), ionoiners, polyvinyl %ﬁ%ﬂgﬁ ﬁ?n%
copol ymers thereof; polyacrylonitrile; polyvinyl chloride, polyvinyl

di chl or Llgyy UMK Ut FHSHE gﬁﬂ:&)%is @sgglag 3?3’5{%@'?%5%?3&%% Aomefhi& t@@t | ve

substrates "I ncl ude”polyest érs suc ene tere hal ate - T) - or
pol yet hyl ene, napht hal.at e (REN)... pol yan des ch_as nylon,6 or neta-xylene
adi pani ég%afw%oxgﬂganﬁ,oq&g:ﬁ%l%gpa e%ﬁ‘ﬁﬁq't%ﬁ%#}n%ﬁ%e?rsbf%h?ﬁﬁst rates include
pol ysaccharjdes, such as regenerated cellul ose, glassine or clay coated
paper, palpEhookted slkylahsnel, mapalso beadded apmax pigssats agddyasubst r at es i ncl ude
nmetal lized polynmer filns or a vapor deposited netal oxide coated polyner
filns of ~Al O aSiodkssaecofdiay to. thd hyehtione theapptingddyea awmyrbeiapgjicdmntthe widewent i on.
may be applied on to the aforesaid substrates when they are in the form of
a film osrietsdfabsteitesiipchiiding, bit hotighitédiopolyoletais, nbludgpateieiitedThe substrate
may be a copolyner, a lamnate, a blend, a coating or co-extruded or a
conbi nagm?ﬁoeﬁeﬁ@yomﬁ), EREpst byﬁh@,%olye&ﬁféi’xeﬁmyﬁ%@ﬁé‘;%bsﬂowmt&gasyﬂm,

| each ot'her. In a

conpat i "1ty of the-material s"concérned " wt dition, the

substra | N the L O wakner. . rials such
as pol yg%%h%eetﬁﬁ Bo%%@o?ﬁ%@%f?é@heg%F%/rgitlgar‘cg?fe%wé%f%yvﬁ %,OLWyner s of
EVOH, or |.am nates. containing such materials. The |ayer can be applied
onto & SHEEEISAPRYIRYLHGoReL ey eRPOLIRTIA MErsa REETY oI & ROHERBH BT ERat t he
| ayer is be applied_ in an amount of from about 0.05 to about 20 g/ng,

pr ef er r By yinyrdighlgnéuobyvinylides chlgridstand polyaemylafgsout 10 g/ n2 and nost
preferably from0.5 to 310 g/n2. Coat weights nmay be determ ned by

gravi net ri_ ¢ Funipaxmltemativelsubstragsincinde pblgesigrs suchtast pol et/ anehatplahaatey any
conventiomal net-hod, such as spray coating, roll coating, slot coating,
Neni scUuPERk boethyidie nihiRhalfe APENY polyaRFdédi il ks n3éd 6 of mepgh1sRver se
gravure coating. In-a process according to the invention the layer is

dried. Dryl _ . Ad1vi tenperature or to expedite the drying
Hlﬁdgﬁs]aggiggm&yu%deﬁ@mm

process t exposed to heat during the drying process.
CGeneral |y, the higher the, tenmperature., the faster the |layer will dry. The
upper terrpergYed‘r%’gﬁ?'Fqus‘EErS“P & '%qelgflf]ﬂ%p@?'séaﬁgl?@%ﬁé‘“‘ﬁb FAERYE above which
the substrate will undergo an unacceptabl e degree of distortion. In a

pr ocess® l(g&gg,cgl?ﬁjlqe(prlc coated paper, paperboard or Kraft paper. '

=

- =i2i«¥et other possible substrates include metallized polymer films or a vapor deposited
metal oxide coated polymer films of AlOy, SiOy or TiOy . The layer applied according to the
inventig‘)n, may be applie_ci on to the aforesaid substrates when they are in the form of a film or
sheet or molding, though this is not obligatory. The substrate may be a copolymer, a laminate, a

| blend, a coating or co-extruded or a' combination of any of the substrates listed above according
to t.he compatibility of the materials concerned with éach other. In addition, the substrate may
be in the form of a rigid container made from materials such as polyethylene, polypropylene,

polystyrene, polyamide, PET, polymers of EVOH, or laminates containing such materials. The

layer can be applied onto a substrate in any desired amount, however, it is preferred that the

layer is be applied in an amount of from about 0.05 to about 20 g/m2, preferrably from about 0.5



present invention it has been found that the |layer nmay be dried to forma
coating at any tenperature fromroomtenperature up to about,, 14 W t h
t enper at ures-of from about 40C to about 120C being prefer?efkdn“'érlfgpf604
tenperatures of about 60C to about 100C being nost preferred. The tine

period over I chot he | ayer e heated is,,as mght be expected ,

t enper aP &E%ut\ggpgg'ﬂ%éﬂ MR rﬁ@gg%’et?%gts 193&f Bfm%dc@%ml"éﬁ mA% bedgiganined er r ed
to above the resultant coating will beconme tack free in a period of froml
to 10 Swcgadmeticronwstisonidedaysr el besppli¢dstophesibsirate bjenheaventipnst ep in a

process according to the invention becones of increased inportance as it

not onlmpethed, sach aspeayrcoatitg, afll mﬁ@g,@Io&&ddfﬁg?,t:h&isdu@@@dﬂn@ﬁnﬁh'érsi@h%@atﬁa%,r ves as
a nmeans of evaporating the solvent in the [ayer. In cases where conmpound -

(i) s dabidiegeskrien aﬁ@i@eﬂ@%&ﬁﬁm@o&ﬁnghe organi c acid the layer is - .. ..
ure

preferably exposed to noi's during the above drying process in ordef io

ef fect what to . be a curin f the,layer. After drying or drying
and curing, Ib%é’ rércgg%%?érﬁfn gctggﬁ ’H&eqti’ﬁ?%bega)@? bso@'éeg' ﬁf?’“&g BaY P é@&gﬁ“
irradiation, ultraviolet radiation, ganmra radiation, and/or heat and

chenmi c 4FIPFTaTe o 4 expedite therdryipg process theslayes gaast bexypaser o beas during the diydng at es .
used in a process according to the invention may be pretreated prior to
appl i caroaeses. fenerAlly, |the/higherfthy tempenapire; thaofstethe teyett widladrpent , pl asma
treatnment, netal or netal oxide-deposition, acid treatnents and/or flane

treat nents, THieluppér tedperatudy Kimit fieribie hénting Stepid the tednpératurE dbsVeas el e any of
the foregoing substrates may have a priner or prinmers applied thereon prior

to applsiBsiateRilAndbiys ah%&ccﬁiﬁ'ﬂ?e JebIRE ﬁist?t!’oxf%} 9@@5&% gcé&d- g?o gybstrates |

bylﬁny appropriate process khown if.the art, t nple,” spray coaging,
el rodresetialioh B b u Gt Bt R Pl R £ RefiBh B ng.

Suitable priners may include, but are not limted to carbodiimde
(cyanaﬁﬁ’rﬁg??mf?ﬁ%f%w RmTatue up tpyakaut é‘%@g,’“ﬁ tergpezgtpies of from about 40°C

N- (2-am noet hyl ) - 3-am napropyl tri met hoxy silane and _

ani nopit@aRau 1 2EChsinspreired aglisapemtuses afiabouté@°Gyo ebopt BEEdeingovodi ng t o
the invention may be subsequently used w thout further treatnent. However,
it is podfedd dhedinr peripdaverashickltheldet may be heatelbis casinbighk be expected,

temperénue dependent and at the most preferred temperature range referred to above the
resultant coating will become tack free in a period of from 1 to 10 seconds.

In cases where a solvent is present, the heating step in a process according to the
invention becomes of increased importance as it not only serves as a means of accelerating the
reaction but also sérves as a means of evaporating the solvent in the layer.
| In cases where compound (i_)!is utilized in combination with the organic acid the layer is
preferably exposed to moisture during the above drying process in order to effect what is
thought to be a curing of the layer.

After drying or drying and curing, the resultant coating may be exposed to electron ﬁeam

irradiation, ultraviolet radiation, gamma radiation, and/or heat and chemical free radical

initiators.



above, into contact with the first substrate under adhesive bond form ng
conditions, in which case the organic acid alone or.in CO”@SW{?uQPZd’Uz;t h
other addi-t+ves-serve as a primer or adhesive. This may pr-oceed-i-p--a
conti nuous process wherein the acid/ adhesi ve and second substrate are
applied on P the fir t sub?trate substantial |y .si rrultanegf1 ?’

Al ter nat i vel Jf Sy Subsiiate] PBan & Prossss Meottine i LEATRRLPRITHY PR arehyed Prigr
initially applied onto the first substrate and subsequently the second
subst r atf@apRicaiiss afdep larerofor prampls, by compalireatowal Plesae tiggment et of metal
exanple, netallic top coats for exanple, netallised coatings using

al um numxiﬂe"dapasﬁiﬁomaadidubqummpand/delﬂmm treatimenas,all odxvhikch are ahowrgin thé arB10x
SiOx or TiOx. Packaging requiring netallised or vapor deposition netal

oxi de cQRftidiftord)aNy tiile 1&@@ﬁﬁg‘ﬂ1§sﬁ&@9ﬁdﬂﬁv@}$ pﬁm%f @ﬁﬁﬁﬂ‘ae@%ﬁﬁlfe@ itRGedrPpridre
present invention as priners. There has, for a time, been a problem

Wi th m%@m%ﬂfdﬁm gép ‘e prik¥R%nd eapgﬂedvm %f&nlggg@%r@ dnfBpRbfithge Nigh

barrier s wth respect o gase ma an yer
itself is ve ofte t 200 e to surface defects
B R e e o e
substrate. Oxygen,, carbon diqxide oma and flavor barrier coatjngs as

pr epar e&°§9"gt ‘l“é%‘?'?‘ﬁﬁ coalingsandpditect; o i MAgPeEEEagEe epadna gnd SOOI nvent i on
may be used for a w de variety-of - packagi ng containers, for pouches,

t ubes, Isoatinge §u1tahl@p13mert§ anpyiinchidsy but, arsnot ighited tpoarbbdnidg éﬂ}'lanamlti@p cartons,
therm) formed trays, brick-packs, boxes, cigarette packs and the I|ike. They

may al polyethylesiating, And Sifanag Hbr e&&hpIEDNVQD%hﬁnditﬂ@@)S.?» aflinopiepyRriethok g kilane
properties are-desired, -for exanple, tires, buoyancy aides and inflatable

devi ces 4@ Rand lloﬁymlf@ﬁoﬁﬁ%@gl ng applications where a barrier coating as
opposed to.an adhesive layer is utilized one of the nost useful

appl i cat'i ons 'u§ A0S eatdh ngbﬁﬂfﬁ%lsé’o%ﬂgi’d &E%]Jehﬁéﬂ hﬁﬁieygéﬁ%bsécﬁ:%ﬂ)f

Typi cal |y uncoat eq orr en as an S|on rate

(OTR) of. |matel 0015 1B/ nP/. Wth the, present coat, s, the
oxygen Yt Eﬁ"’g@q t,)#&?-loa\fev?rh W?S@ﬂﬁéﬂ bHBE § 50RY g@%&ﬂ'&&ﬁ@?ﬂ can be
reduced to |l ess than 0. 0003 nB/ n2/day as_ neasured at 50%rel ative
huni di t pooveninigsiantachwith ﬂ?lfBFﬁSPPQP@FﬂWeﬂ adhesiyhbonddfonping camdiignsdaywhigs  used
herein, the term nol og i nproved gas barrier" refers to a coating which
can red gasg thearganic acid af;sﬁmsxmcombmtm with pther additi wreenve eneprimenwatihesive.
pol ypropyl ene filmfrom 0.0015 nB/ nR/ day

- This: may proceed in a continuous process wherein the acid/adhesive and second substrate are

apphed on to the first substrate substantially simuitaneously. Alternatively a stepw1se process
may bc ﬁtxhzed whcrem the layer is initially applied onto the first substrate and subsequently the
second substrate is applied onto the layer.

Additional coatings may be for example, metallic top coats for example, metallised

coatings using aluminum or alternatively vapor deposited metal oxide coatings of AlOy , SiOy
or TiOy Packaging requiring metallised or vapor deposition metal oxide coatings may use
coatings prepared by a process according to the present invention as primers. There has, for a

long time, been a problem with metallised films of this type in that whilst such films provide

high barrier levels with respect to gases, aroma and moisture, the metal layer itself is very often



to 0.0003 nB/ n2/day nmeasured at 50% rel ative humdity. The i nvention
provides in another of its aspects an oxygen, odor and fIa l%@% r| er
coating conposition substantially consisting of an organic "aci avi ng t wo
or nore acid substituents sel ect ed fromthe group consisti ng of : 1) a

graft %ﬁdﬁq{ ek u?fapé\&é?pdayﬁl ﬁ?ﬁtcﬁ%fﬁﬁﬁe@oh%?p%rrgﬁé’ul sisid g of

hydr oxyet net hacryl ate an eni m ne

car boxy, aC| ft thereto 2) a pol ybasi c carboxyllc aC|d sel ected
fromthti 391 E%HE t&”%’i ng of itaconic acid, 10 25 August 2004 citric acid,

succi ni c aci d EDTA (et hyl ened| am ne tetracetic acid), ascorbic acid,

but anet et r ac&fg8R.-cprton digxide, W&@ﬁ%@@@mm@@!&sa&a@mﬁwmamd

cycl opentane tetracarboxylic acid.,. and benzene tetracarboxyl 'ic acid; and
a pol yrsebstatesusipg lbypneessaiccandingis dtajnmdnmyﬁmwéd for acwide wiegedfed fromthe.
group consisting of itaconic, citraconic, nmesaconic, maleic, furnafic,

acryli CpaBlBigﬂ@beﬂairférs ﬁ@'bbh&le@"tﬂbe%l EBIQEQ GlaPstﬂb 1n‘%6x@s @.ﬁﬁd-upﬂf)uche ﬁeOf the
group consi sting of a conpound of formul a: mherel eac

sel ect g %Rm ttﬁ&n?r I Y rbon
group - \E,j\ﬁ) to ca n’ ﬁi ngrBﬁ’E)ég 8&8&&%@%@%{6 d%g%%%?he gr oup
consi st i ko rou Wt h to. 4 car.bon atons, en atom an
oxi me ga}g)g)ﬁ “58%6@?68 QP WHFGSas: Yoria‘éo ‘5%8?@601?%%% Sﬁf’%g‘% consi sti ng
of an epoxy grou a methacryl oxy group, an acryloxy group, -NH2 and ‘
- NH- ( C}%?IBW%%P%WPPX)WESWIBﬂ%@e devieesgengratieger from | to 12; ii)a
condensation catalyst; iii) a solvent selected fromthe group consisting
of an al cohdlor paskhging applicgtiormodteat &barviert amvating asappoyed to lar sdiresive daydr isv). a
filler selected fromthe group consisting of silicone resin, silica,

magnes iutitivedor@of theahéry usefulaipplications s vitd dtiental folypidsdene fiatisthel | nel y
ground quartz, |ayered silicates. In order that ‘the invention my becone

nor e ClsgBstrateN By cdlBMink Stk @ ¥RerBed B519hloBfllene has an oxygen transmission rate (OTR)

of approximatetly 0.0015 m3/m7-/day. With the present coatings, the oxygen transnﬁséion rate
of the oriented polypropylene substrates can be reduced to less than 0.0003 m3/mZ2/day as |
measured at 50% relative humidity. In some cases significantly less than 0.0001 m3/m2/day. As
used herein, the terminology "improved gas barrier” refers to a coating which can reduce oxygen |
transmission rate of the aforementioned uncoated polypropylene film from 0.0015 m3/m2/day
to 0.0003 m3)m2/day measured at 50% relative humidity.

| The invention provides in another of its aspects an oxygen, odor and flavor gas barrier
coating composition substantially consisting of an organic acid having two or more acid
substituents selected from the group consisting of :

1) a graft polymer having a backbone selected from the group consisting of

hydroxyethylmethacrylate and polyethylenimine, with an unsaturated carboxylic acid grafted

thereto;

2) a polybasic carboxylic acid selected from the group consisting of itaconic acid,

i0



description of several coatings prepared according to the present
invention. Al results in the follow ng Tables are given iz@, Ugtig%rrz/ day
Al'l ratios indicated in parenthesis in the follow ng Tabl és are on a

wei ght basis. Percentages are based on the weight of solid material in the
sol ution:.ALlthe..sal uii : %. 501 i e sol vent
except \I%Hrel%&d’lsn\?m;@ aﬁ@gg@%‘?l%ﬁé&%ﬁgé@%ﬁgc%@’fsg&ﬁi%%ﬁe 1 Each | ayer
was prepared,. then. | i ont oriented pol opy,l ene sybstrate and
oo ebscaias kpcama oot rrBerith Boudi S ERpotiare iR St}
description relating to the assessnent of a polynmaleic acid. The foll ow ng
descri b@sids ad qﬁawag%tﬁcewoasﬂwaa%| angl Rl yInerar gopriwaer efpmunsgumied it s
application onto an oriented pol ypropyl ene substrate and subsequent

t est i ngcaBosdicutidomlonted fime e grdup yordisting lof itagnROcigacamic, pekacopikccingleme i d

(Bel cene 710 obtained fromFM) in 80 g, of HPLC grade nethanol obtained
from Al diichaie, acm&,_hﬁﬁﬁﬁryﬁf:, soeitl hndEinnak@is agigpl 1 ed onto freshly corona
treated oriented pol ypropylene film using an air-driven nechanical

bench-t - hes (RK coater), theoretical wet deposit
24 pm %?ﬁéoﬂ?%%gﬁ%f??edé@gg@ S?S%gaﬁour s, under anbient conditions, before

oxygen transmission rate. testing. Typically the anbient conditions were
roomtenper,aﬁlfrcgglpewcfoﬁqle?waZZ to 280C at a relative humdity of from

30 to.60% i nclusive. The layers were visibly dry within only a few minutes
of application but wergaP{éfedS‘EQHMfor up to 24 hours to ensure that each
| ayer .was conpletely cured.prior to oxygen transm ssion rate testing. The

coat Viewglichn ¥h R idEletod fiveh ihe gheup dbnbistngof @h}%r%eﬂ%tdrﬁ@ﬁ@a Bydreeabel i ng
the change -irn wei ght- of the substrate before the |ayer was applied and

after t?ggu%%ﬁ{ 1 PO.-&HScﬁflj%taaggrcgfﬁy %ﬂﬁfﬁ&&%&ﬁoﬁ?ﬁe@&@uﬁgﬁﬁkﬁﬁ bf £ACH

substra Jeated accor rocess o the present 1 nventlon was

cout oneaies BehEafe ER Crbut ol o e BB SRy R R 1 hpec

into a diffusion celtjr formng a divjde between two chapbers. Both chanbers
wer e thSFP“BuYQ%%PIQS’Fed om the grotip consisting of an epoxy group, a methacryloxy group, an

“acryloxy group, -NHj and -NH-(CH2)pNH»; ais from 0 to 3 and # is an integer from 1 to
125 . e
e "i'i)‘a.‘c":Onderisati'or’x'ba‘taljSt;" "
a .iii_‘)-_ﬂa':‘s_olye;;t selected ﬁoﬁi the group consisting of an alcohol, ether, ethyl acetate, water,

end cyclohexane; and

iv) a filler selected from the group eonsisting of silicone resin, silica, magnesium oxide,
clay, diatomaceous earth, cz_ilcium carbonate, finely ground quartz, layered silicates.

In order that the invention may become more clear there now follows a detailed

description of several coatings prepared according to the present invention. All results in the

following Tables are given in 10-6 m3/m2/day All ratios indicated in parenthesis in the
following Tables are on a weight basis. Percentages are based on the weight of solid material

in the solution. All the solutions were prepared as 20% solids in the solvent except where

11



oxygen using an oxygen free carrier gas, usually a m xture of 3% by vol une

of hydrogen in 12 25 August 2004 nitrogen. Oxygen is intro gﬁﬁ | t he
first chanber--and is allowed to perneate through the sanp%g | U%{%@é

second chanber wherein any oxygen nol ecul es present are transported by the
carrier 1.0 ensor. The signals -received at the sensor are caused
by the ?tggl&llgé;lﬁlh%g‘[eaieen, t he oxygen and hydrogen. The results fromthe
above tgsts .are shown below in Table 1. TARTS -1 Coating

conposi ﬁ?‘m&i tiveCuri ngOTROTR 50%:H80%RH pol yacrylic acid (2,0000.1%

A ucopon 650 _ECIHHdried at R T.281109 Min water polyacrylic

aci d. (5, 0000Eadjxthyes vios prepgod Hlizen-prpied antgan ROFHFO DAy NMPPYLERe siksteate and ‘
pol yacrylic acid (450,000, 0.1% G ucopon 650 EClHHdried at R T.61096 MN 10%
sol ut i osssessedadingy the sdryeproedss whddidis deriilied by etk falloWing d2s4ibddR rdlatibglio i t-aco- -
'c acid)dried at R T.681480 pol y(nethyl vinyl ether-co--dried at R T.29980

mel ei ¢ @elaghesdnfenV6t LpolRRA¥ICACIdY| | C-co-mal eic-dried at R T.2551196 acid) in
wat er |taconic acid-grafteddried at R T.1091004 of eth |eninmine (1:2)

20 301 5 0B AT B RSB SR i 211 1
application onto an oriented polypropylene substrate and subsequent testing,

A solution was prepared by dissolving 20 g. of ﬁolymaleic acid (Belcene 710 obtained
from FMC) in 80 g. of HPLC grade methanol obtained from Aldrich. The layer of solution
was applied onto ﬁ'eshly corona treated oricnted polypropylene film, using an air-driven
mechanical bench-top coater, a #3 (green) K-bar (RK coater), thepretical wet deposit 24 pm
The layer was dried for 24 hours, under ambient conditions, before oxygen transmission rate
testing.

Typically the ambient conditions were room temperatures (RT) of from 22 to 280C at a
relative humidity of from 30 to 60% inclusive. The layers were visibly dry within only a few
minutes of application but were left to dry for up to 24 hours to ensure that each layer was

completely cured prior to oxygen transmission rate testing.

The coat weights were determined to be in the 2 to 3 g/m?2 range by measuring the
change in weight of the substrate before the layer was applied and after the layer was cured.

The oxygen transmission rate (OTR}) for each substrate treated according to a process of
the present invention was determined using a MOCON® Ox-Tran 2-20 apparatus using a
COULOX ® coulometric sensor. Ealch treated oriented polypropylepe sample was clamped into
a diffusion cell forming a divide between two chambers. Both chambers were then purged of

oxygen using an oxygen free carrier gas, usually a mixture of 3% by volume of hydrogen in

12



grafted of itaconic acid Hydroxyethyl methacrylate-Dried at RT +541064
grafted polyitaconic acidEB 10 Mad, 170 kV In the case of J5hg,l,&Soolo
results retating-to a hydroxyethyl nethacrylate grafted polyi tgaconl c acid
co- pol ymer, a corrparl son was rrade between two substrates treated by a

rocess t en
'Pransm szt? eﬁ%lhﬁ&i urt Qrﬁr %r#@gsﬁdgoﬁéwﬁﬁggepﬁmﬁg
treated wt nelectro r|or to t esting, of the ox nmSS|on
rate. OFUPR gﬁmﬁ%segﬂﬂs@eyﬁesw*? ey 9&%65%%8@5 bk R Porie B
oxygen transm ssion at 50 %relative humdity. 13 25 August 2004 amlP 2
Each cofpaist gasgh tharssnaer- The riggpls recejied apihe sensercarp paused By ihgireagtion deprgeny ant
acid in an appropriate solvent, methanol unless otherw se indicated, and
subsequdint dxygamatidiydpeame  -an nopr-OpyI trimethoxysi lane into the acid
solution. Finally any additional ingredients such as ‘wetting agents and/ or
catal ysts we dis ved in the m xt se to the above

preparati on gﬁ‘ﬁ ﬁ%ﬁ%ﬁﬁ‘q%ﬁ’?ﬁwﬁﬁs °§'§‘th°ﬁ’d" \Nere carried out as
described in Exarrpl e 1. The following is specific exanple of the process
undertaken: A-solution was preparﬂﬂjtg_]_di ssolving 10 g. of polynmaleic acid
(Bel cene 710 ohtained from EMD) of HPIC grade nethanol obhtai ned
from Al dif iGehtingrsomioSition of gam ami nopropyl@lrriﬂset hoxy@TRang, OB®I d {under

t he trade—name—-Sil-guest A 1100 from-\tco a_s___a_d_d_g_dj&%““ cf&ﬂﬂ’q*RI‘I'\
Freshly ¢@plelic scd2. el or Brﬁ%éducﬁﬂﬂ“ﬁéf?%?ﬁen@ieﬁtlf*rﬁ sqb@trates“@%re “treated

wi th the [M¥UDWIEG. ool utiba—using—a—#3—{grelen)—reter—bar—obHai-red—Hr om RK.
The | ayer P ?"ﬂj“‘fdééioqoor 721%&5W§P°Béﬁ%$(¥ﬁﬁes¢F%@RTThe oxyger| Bér meabi | ty
at 50%r 4 — o eH—-y— 006008253+ ||’”"‘I ef—-tanasfer tes for
the coati TSI DPLatierass) BrR e PR A% 2 el

Conpar at if Y& ¢ 5 B2 ont hi nii ng. t he mono-c rboxyl ic dcid, adetic agid and
acrylic @ 0 mmwdﬁgt’cdrfééwﬁef S iié4Td'Ui Syra strgwn i n
par ent hegi 'w'f’W) § 1‘-1 1, are the o

poly(itaconic gcid) L : dried at R.T. 68 1480
poly(methylvinylether-co- | - dried at R, T. 29 980
_maleic acid) in water, K5 '
poly(acrylic-co-maleic - dried at R.T. 255 1196
‘}acid) in water
Ttaconic acid-grafted ‘. ~ dried at R.T. 109 1004
poly(ethylenimine) (1:2)
poly(itaconic acid), -~ . | 0.1% Triton X-100 dried at R.T. 21 937
potassium salt in water
Hydroxyethyl méthdcrylate |- - Dried at RT 74 1035
grafted polvitaconicacid |
Hydroxyethyl methacrylate | - DriedatRT+ | 54 1064
grafted polyitaconic acid : EB 10 Mrad,
170 kV

In the case of the last two results relating to a hydroxyethyl methacrylate grafted
polyitaconic acid co-polymer, a comparison was made between two substrates treated by a
pfocess according to the invention, one of which was tested for oxygen transmission rate
without further treatment and the other of which was treated with an electron beam prior to
testing of the oxygen transmission rate. Of these two substrates the latter provided the lowest

rate of oxygen transmission at 50 % relative humidity.
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wei ght ratios of the conmponents of the coating conposition. 14 4 25 August

2004 TARTY 2 Coating conpositionAdditiveCuri ngOTROTR 50%RH3R0
am nopropyl tri met hoxysil ane-dried at R T.27120 / of itaconi c@gug; Eg ganma

am nopropy' I trinmethox' ysilane 0.1% d ucopondried at R’ T.5.2172 /Do lac lic

acid 1:}%2&583&5? HH gamma am nopropyl tri nmet hoxysil ane-dried at R T.8.290 / of
mal efi ¢ aci .. 1 gamma am nopropyl trinet hoxysilane-dried at R T.10711614

/acetic acid_1l:1 ga ani nopr tyimet hoxysi | anedried at R T.5011280 /ac
lic acid (19‘%‘3}158&’95;@?1‘? B‘?’dﬂ;oﬁaﬁf—'ii?éfﬁﬁﬁ%ﬁ v §§?f‘f1’é%i gelpyant 6‘?186‘9@1 /2
4-di h drox benzoic acid 1:1 ganmma am nopropyl trinethoxysilane0.1 % Triton
X- dr i ecRPR{OPHAtE sphventy g@ﬂwmltun?qss gdenvisa indicad, apdrbsequently adding gamma

am nopropyl tri nmet hoxysilane0. 1% Triton X-dried at R T.0.6209

/ bat anetrEhogropyl omethokystlamednth the adly $6itiga Fiveally any additional ingredients such as

am nopropyl tri met hoxysil ane0. 1% Triton X-dried at R T.6518 /ascorbic acid
(1: 1) 100:ta@h@naEn0Rp ARyt WenRliforedin aRenidh€d at R T.152- /itaconic acid

(1:1) ganma am nopropyl trinet hoxysilane-dried at R T.1156 11, 2, 4, 5- benzene-
t et racar boxydjhSeqifehto teabove preparation step the application and testing steps were carried
out as described in Example 1.
The following is 3 specific example of the process undertaken:
A solution was prepared by dissol\}ing 10 g. of polymaleic acid (Belcene 710 obtained
from FMC) in 80 g. of HPLC grade methanol obtained from Aldrich and 10 g. of gamma
) aminopropyltrimethoxysilane, sold under the trade name Silquest A-1100 from Witéo, was
added with stirring. Freshly corona treated oriented polypropylene film substrates were

treated with the resulting solution using a #3 (green) meter bar obtained from RK. The layer
was dried for 24 hours before testing. The oxygen permeability at 50% relative humidity was
| ':0:0000082 m3/m2/d.
Oxygen transfer rates for the coating compositions prepared are provided in Table 2
below. Comparative examples containing the mono-carboxylic acid, acetic acid and acrylic acid
monomer are also provided. The numbers in Table 2 shown in parenthesis, i.e., 2/3, 1/1, are the

weight ratios of the components of the coating composition.
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ganmma am nopropyl trimet hoxysilane-dried at A T.4284

/1,2, 4-benzenetricarboxylic acid |:]|
process according to the invention with conpositions

Exam Substrates were t2r5

conpr

I SI

g 364

g an

a
acid,

a solvent, nethanol unless otherw se indicated, and a third constituent as
i ndicated. In each exanple the substm ori ented pol ypropyl ene unl ess
otherw se__indicated. The OIR for unfTearted polyethyl ene terephthal ate
(PET) subsCeasibgcommssitbd5 at 50% | Additdei ve hutudeg y andRor yernreat ¢d | ow
density piolyethylene (IDPF) wasl 4443 at 50%. rel atiJVé0%RE di88%RENd as such
signifi carﬂanunedmcnpromrisimmhoxmﬂleval ues are pidieddeRiTWHER t hegd20 subsgtrat es
ar e tr eat dolifiacani ng.to the present igvention Each
conposi ti osammagmmpammmhwqﬂwg t (85 Ghpapopr paiedarRTag 5i2n exadpl e 2
Subsequengeelgcryhigacidd kb3 630 BE/Hnpositions—the i cat-iof of the
| ayer and 8@@5%@%1‘“'%@%5"er carried olifried&t RiBs d Si2bed | woExanpl e 1, and
t he resul /polyma \ ]n i-a—Fabl-e-{15-25 l/\‘..g..o 2004 —Tahkl-e—3—-Chati-ng
Conpos| ti .5"' GWMOWH dried at RT 107] 161
gl yci doxyfpf 5 ”’. S-S+ a.. Hpoty{+tads ed—at—R—t—2562F-conteiacid 1:2
gl yci doxyjp#8 ?‘Vﬁ’ %{ﬁe/ pol yi tacdr g’éfdé'tR'Fz '|§°]7496 d#lkéc acid (1:1)
pot assi u |.ar yirt-acontcdrtegat—R-T33937agigtpotyi t aconi c
aci d/ SR 4 A Lf1“.'f08'812 EB 15 v?lréf@f“@?o P poI 3"(| acofi ¢
act &) | ano ﬁoxys.zm Hi5 D Em A RIS U TR B TR S
’ /cntrlc acid {1:1) 100

gamma aminopropyltrimethoxysilane | 0.1% Triton X- dried atRT. {06 209

fbutanetetracarboxylic acid (3:2) 100 '

gamma aminopropyltrimethoxysilane | 0.1% Triton X- driedatR.T. |6 518

fascorhic acid (1:1) 100

gamma aminepropyltrimethoxysilane | - - driedat R.T. | 152 -

fitaconic acid (1:1)

gamma aminopropyltrimethoxysilane | - driedat RT. |1 156

/1,2,4,5-benzene- tetracarboxylic

acid (1:1}

gamma aminopropyltrimethoxysilane | - driedat RT. (4 284

/1 ,2,4-benzenetricarboxylic acid

(1:1)

.Substrates were treated by a process according to the invention with compositions

comprising an acid, a solvent, methanol unless otherwise indicated, and a third constituent as

indicated. In each example the substrate was oriented polypropylene unless otherwise

“'indicated. The OTR for untreated polyethylene terephthalate (PET) substrate was 125 at 50%

relative humidity and for untreated low density polyethylene (LDPE) was 4443 at 50%

relative humidity and as such significant reductions in OTR values are provided when these

substrates are treated by a process according to the present invention.

Each composition was prepared using the same procedure as in example 2

Subsequent to the preparation of the compositions, the application of the layer and

subsequent steps were carried out as described in Example 1, and the results are shown in Table
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170 kV poly(itaconic acid)/ 3-am no- |
(10:1)EB 10 Mad, 170 kV poly(itaconic acid)/dried at R T4GB6,
| yci doxypropyl tri met hoxysi
at R T329 G | yci doxypropyl tri met hoxysi

| ane 1: |

on 12 m PET pol y(itaconic
| ane 1:1 on 50 m LDPE '

at R T451095 et hyl enedi am nepropyl tri met hoxysi |l ane (I

sol uti

-propanol dried at R T644 vinyl et her

Ugggﬁ B%dri ed
EDTA dr i ed
1) in a 20%

éh in water with @ ucopon 650 EC/ 1414 pol y(i tacohi c acid)/Dried at

RT73732 met hacryl oxypropyl tri net hoxysilane+ EB 10 (10:1)Mad, 170 kV

ifabledd at RT108812 + EB 15 M ad,

170 kV In

b subsequent |y

s¥eARpati ons may be nmade in

g2l N W t hout departing

ments of the .

only and not
bd in the appended

pol y(itaconic acid)/SR 415 (10:
t he above [ ar—or_theqjr, Tanty Tl WeT
treated w tﬁ@‘ﬁg% ‘gogfpr%%ﬁ({"beam r adi ét“ﬁ%ﬁb( EB) sodelae orx
conpounds, ﬁﬁﬁ&?&bp&l&r%&oxysﬁdﬂgpogﬁla Qied #RFC hRked
fromthe essandidah2f eatures of the 1 nvention. The enbod
i nventi on jsgheidéxprirgpakrimgthdxpsliangiolyiic ¢ dribieat RiTn | ave exeamd ary
i ntended alsonlcpeid (@A j ons-on . theid scope excent as defin
clains. 16 @?ﬁ%gﬂwbozﬂwmlyiwconic dried at RT | 21 937
: aci
polyitaconic acid/SR 415 10:1, driedat RT | 108 812
; EB 15 Mrad,
170 kV
| poly(itaconic acid)famorphous dried at R.T 719
| polyethylene terephthalate (10:1), EB 10 Mrad,
L 170 kV.
poly(itaconic acid)/ 3-amino-1-propanol | dried at R.T 644
| vinylether (10:1) EB 10 Mrad,
i 170 kV
poly(itaconic acid)/ driedatR.T | 40 86
‘Glycidoxypropyltrimethoxysilane
(1:1) on 12 ym PET
- | poly(itaconic acid)/ driedat R.T | 329
1 Glycidoxypropyltrimethoxysilane
{1:1) on 56 ym LDPE
EDTA/ driedat R.T | 45 1095
ethylenediaminepropyltrimethoxysilane '
(1 : 1} in a 20% solution in water
with Glucopon 650 EC/HH
| poly(itaconic acid)/ Dried at RT | 73 732
. { methacryloxypropyltrimethoxysilane - +EB 10
Jaon Mrad, 170
kv
poly(itaconic acid)/SR 415 (10:1) Dried at RT | 108 812
+EB 1S
Mrad, 170
kV
In the above example several of the resultant coatings were subsequently treated with -
electron beam radiation (EB).

Other variations may be made in compounds, compositions, and methods described

herein without departing from the essential features of the invention. The embodiments of the

invention specifically illustrated herein are exemplary only and not intended as limitations on

their scope except as defined in the appended claims.



Clains: 1. A process for the preparation of a barrier coating conprising
the steps of - applying an organic acid to a substrate to fozr5rm®u 2Yfjs and
drying the layer; wherein the organic acid has at |east two acld,
substituents and is selected fromthe group consisting of a graft polynmner,
a pol ybaghigscar boxylic acid, a polymer of an unsaturated carboxylic acid,
and a co-polynmer of an unsaturated carboxylic acid. 2. A process according
to claim1 wherein the polybasic carboxylic acid is selected fromthe
group consi stli Agpro¢ess faadmprepareiieh oftd barrier melivg campnsing theatepspf:

et hyl enedi am netetracetic acid, ascorbic acid, butanetetracarboxylic acid,
tetrahydrof uran tetriacarboxylic acid, cyclopentane fetracarboxylic acid,
and benZBREMSAN ARGS9 %Xlﬁjéfrﬁf? t%?m'ﬂ ap%ﬁ?fe éo(é’H’(grtEi‘? f"\’ﬂeré ¥hEFEHt e 1 wher ei n
t he unsaturated carboxylic acid is selected fromthe group consisting of

| t aconi @rodBid dcAERAY # 1eaBSRGRM SibsttBbil Snd fUPRELE frod®ihé gkdup dBBLBAL 4 C.
sorbic, and cinnamc acid. 4. A process ‘according to clai r% 1, wherein the

co-poly e r oup
consi st e pe RSl BhdiC 8o AR LI 25 IR BE P LBl 6k StpbIARAL ol 0
acrylonitrile. .5.:. A-process according.to claiml wherein the organic acid
is mixed C\Rmof?'r%‘?{é)fg\ilg ated&@%ﬁéﬂ@r& ‘sel ected fromthe group consisting
of: i) a conpound of the fornmula Rax3-aSi (CH2)nY wherein each Ris

sel ect ed fr o Arsoggshagsorhingioslaingl wherginthe polybasia carhoxiti¢ agidHy seledted bon
group with I to 10 carbon atons; each X is selected fromthe group

consi st ifrogn the gasupedoksixiyng off iGiepniniatid, ditricoacdd, sacdian aaidpehylenedimhingetractiom an
oxi me group, and an acyl oxy ‘group; Y'is “selected fromthe group consisting

of an epeMyasgb®iPacid biRinBREAEEIKY1IE E&Hﬂe&@%d%ﬁn&&ﬂac&?boﬁ?lj&tﬁ&ﬁ 2004
group, -NH2, and -NH (CH2)bNH2; a is fromO to 3; nis an integer froml to

12: and oheibsenihe (kM B8y 48, bnd BerbiendrobABHGANCIAM, catal yst; i11). a

sol vent romthe group consisting o al cohol, an ether, an
ester,. a '

3. A process aéco_rding to claim 1 whgréin the unsaturated carboxylic acid is selected
from tbe group consisting of itaconic, citraconic, rﬁesaconic, maleic, famaric, acrylic,
méthacrylic, sorbic, and cinﬁamic acid.

4, _A ﬁrqéess aécording to claim 1 wheréin the co-polymers are made with an
unsaturatéd mc')ﬁ_(:)me-r.se‘le.c'ted f.ion; the group c.c.msisting of ethylene, propylene, styrene,
butadiene, acrylamide, and acfyionitrile.

5.A procésé according to claim 1 wherein the organic acid is mixed with one or more

- 'cc);lponents selected from the group consisﬁng of:

~ i) a compound of the formula
| R 4X3-4Si(CHp), Y
wherein each R is selected from the group consisting of a hydrogen atom and a hycirocarbon
group with 1 to 10 carbon atoms; each X is selected from the group consisting of an alkoxy
group with 1 to 4 carbon atoms, a halogen atom, an oxime group, and an acyloxy group; Y is

selected from the group corisisting of an epoxy group, a methacryloxy group, an acryloxy
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hydrocarbon, and water; and iv) a filler selected fromthe group consisting
of silicone resins, silica, magnesiumoxide, clay, diatomeeqiss {B;_ﬂjd4h

cal cium carbonate, finely ground quartz, and | ayered silicates.” 6.

process according to claim5 wherein Y is selected fromthe group
consisting of a glydidoxy' group, a R-(3,4-epoxycycloal kyl) group, an am ne
group, geoupetNiklh camediNGF{Cig) ), NEH0 Upis feom Oao Bek hwar nkepey frgmoli. 127 and™ HCess
according to claim5 wherein the conmpound i) is selected fromthe group
consi s am nopropyl tri met hoxysi | ane,

gl yci dé)é(tg%’r gﬁfc?y ?ﬁ;r%’et hoxysi | ane, nethacryl oxypropyl tri met hoxy5| | ane,

et hyl enedil.an negrgg ltrime hoxyS| | ane, and

(3, 4. - epoxy %}1 % i met hoxysi | ane. process accor di ng to claim1l
wherein_prior _to treatln the substrate, the acid is dissolved in a sol vent
sel ected fr dibh atﬂﬁb/egtmtegm theigmeprogonsisting efsmaicohel, heethepamgiterazet at e,

wat er, and cycl ohexane. 9. A process according to claim1l wherein
subseqbgdrbcdrborg agd ngtet;laad | ayer, the substrate is treated with el ectron
beamradiation, ultraviolet radiation, gama radiation, and/or an heat and

chenical freg arﬂmr SééctddVedth @i@gmu&@onsénﬁg sﬁl&lg&né YOS Siliea, %@ﬁ&i&ﬂoﬁ%or di ng

to any of "the processes defined i'n clains An oxygén, carbon

di oxi d o) Y S e r|5|ng. (1)
an_or gy ccﬂ%éma%ge%%% okl fé%e?ﬁ%? 935%@?%@ AR RERE 7 o
aci d bei ng - 8 25 ust 004 ele d { onsisting of: a graft
pol yner hav ‘T?é H’?"F t‘ﬁée e““‘ % € goup ggnslsting of a

hydr oxyet hyl rret hacryl at e and p et hyl eni m ne WI th an unsaturated

car box §lyckdoxy grpugy @lﬁt(é,&-eppm)@% vA) GO BRSNne siowpan ¢thylersdinngat ect ed from
t he group consi sting of |tacon|c acid, citric acid, succinic acid,

et hyl eg@pamdwnbéﬂcmmmml d, ascorbic acid, butanetetracar boxyl ic acid,
t et rahydrof uran tetracarboxylic acid, cyclopentane tetracarboxylic acid,

and benzepe7t &lpr@sss &U@lﬁsdlitigltoaﬁmﬂx 5 ﬁrﬂérem the compound i) is selected from the group

consnstl_ng of gamma-aminopropyltrimethoxysilane, glycidoxypropyltrimethoxysilane,
methacryloxypropyltrimethoxysilane, emylenedianﬁnepmpyluimeﬂloxysiiane, and
(3,4-epoxycyclohexyDethyltrimethoxysilane.
i g A process according to claim 1 wherein prior to treating the substrate, the acid is
'dissc_Jll'i/c_dl'in' a solventl selected from the group consisting of an alcohol, ether, ethyl acetate,
, Water, ‘;md cyclohexane.
- 9: A procé;s according to claim 1 wherein subsequent to drying the layer, the substrate is
greated with electron beam radiaﬁon, ﬁltmviolet radiation, gamma radiation, and/or an heat and
 chemical free radical initiator.
10. A treated substrate prepared according to any of the processes defined in claims i-9.
1l. An oxyéen, carbon dioxide, odor, and flavor gas barrier coating composition
compﬁsiﬂg: |

(i) an organic acid having at least two carboxylic acid groups, the organic acid being
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a polynmer or copolyner of an unsaturated carboxylic acid selected fromthe
group caonsisting of itaconic, citraconic, nmesaconic, maleigg A ISR Idoa
acrylic, methacrylic, sorbic, and cinnam c acid; and at | east one other
conponent selected fromthe group consisting of (ii) a conpound of the
formul a: RaX3-aSi (CH2) nY wherein each Ris selected fromthe group

consi st isalgcied franhipd gogywrcoasisting ofivd a hydrocarbon group with 1 to 10 carbon
atons group; each X is selected fromthe group consisting of an al koxy
group W th 1 adgmafdpolyreehavihpabackbohakelegred fbmrthe aroupxbidistpig@fp, and an
acyloxy group; Y is selected fromthe group consisting of an epoxy group,

a met hagipytR¥uth AnRdihcryMie aa&_gql&%yleﬂfnaue wimwﬁ%ns&n&téf%aﬂgﬁ%mfg :gr?te:ﬂ,s

fromO to 3;"'bis fromil.to and ni1s an I1nteger from1l'to 11i) a
condens%%rgfa,cat alyst; (iv) a solvent selected fromthe group consisting of
an al cohol', "an ether, an ester, a. hydrocarbon, and water; and (v) a filler
sel ected fromt roup cansisti of .siljcone resins, silica, gnesi um
oxide, clay? W?&agﬁﬁe&iﬁgh%‘%ﬂ% ?Fqg"é%é @?‘Hﬁ*“’c%"PﬂBﬁa’t‘%s,tmﬂiQ%gF‘gp%"r?ﬁg&dmﬁ‘ﬁar tz,
and | ayered silicates. 19

acid, succinic acid, ethylenediamine tetracetic acid, ascorbic acid, butanetetracarboxylic acid,

tetrahydrofuran tetracarboxylic acid, cyclopentane tetracarboxylic acid, and benzene
tetracarboxylic acid; and - - _
a polymer or copolymer of an uné%;\tufatéd carboxyl_ic acid selected from the group
' consisting éf itaconic, ci.tracon.ic, mesaf:'orlic, Meic, fumaric, acrylic, methacrylic, sorbic, gnd
cinnamic acid; |
.and at least one othe.r corﬁponent selécted from the groui:» consisting of:
(it) a compound of the formula: R;X3.,Si(CH2),Y
Whefein each R is selected from the group consisting of a hydrogen atom, and a hydrocarbon
group with 1 to 10 carbon atoﬁ;s gr;):ip; each X is selected from the group consisting of an
alkoxy group with 1 to 4 carbon atoms, a halogen atom, an oxime group, and an acyloxy
group; Y is selectefi ﬁ'om thf.:-group cé%:si-sﬁng of an epoXy group, a methacryloxy group, an
acryloxy group, -NHp, and -NH-(CH2),NH7; ais from0 to 3; bis from 1 to 6; and n is an
integer from 1 to 12;
N (i1); a_condensaﬁoh catalyst;
() al solvent selected from the groa;lp consiéﬁﬂg of an alcohol, ‘an' ethet,A an‘est'ei',.a‘ |
“hydrocarbon, and water; and |
(v) a filler selected from the group consisting of silicone resins, silica, magnesium oxide,

clay, diatomaceous earth, calcium carbonate, finely ground quartz, and layered silicates.
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