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{S4) Title: BARRIER COATINGS USING POLYACIDS, PROCESS FOR OBTAINING THEM AND POLYCARBOXYLATE

COATING COMPOSITIONS

(57) Abstract: A process for treating a surface of a substrate to improve the oxygen, carbon dioxide, flavor and odor gas barrier
- properties of the substrate with an organic acid having at least two acid substituents selected from the group consisting of a polybasic

carboxylic acid, a polymer of an unsaturated carboxylic acid and a co-polymer of an unsaturated carboxylic acid, by applying the
acid on to the substrate to form a layer, and exposing the layer to moisture. A variety of other types of additives may be included in
the coating applied to the substrate with the acid including compounds of the formula R,X3,5i(CH2), Y, a condensation catalyst, a

solvent, and/or a filler.




COATI NG COWPOSI TIONS Abstract: A process for treating a surface of a
substrate to inprove the oxygen, carbon dioxide, flavor ancbso%sg%ﬁil
barrier properties of the substrate with an organic acid havi east
two acid substituents selected fromthe group consisting of a polybasic .
carboxylic acid, a pol yrRARRIERCOAFINGSUSING PoOYRIdIDSaci d and a

co- pol yner of ‘an unsaturated carboxylic acid, by applying the acid on to

t he subgidiaémnd pwb@idh a | ayer, and exposing the |ayer to noisture. A
variety of other types of additives may be included in the coating applied

to the subst L.} L, i e r a
Rerr]Xerr]. e(r?rrl‘iggl %?Sﬁ?y?e %&@%ﬁ%@%&?& %ﬁ@%ﬁg@? &dtéaptgu{aglgl%igﬁ‘fqr’ and/ or
a filler. 25 August .2004  BARRI ER TI NGS USI.NG POLYACI DS Field of the

| nvent i 8YmpRnd 8 %l?laéﬂ?ric@ﬁt“i‘gé‘l"&t WS {oF Ysh i PACkIBNGt i on of barrier coatings and
particularly to flavor, aroma and gas barrier coatings on filnms for use in
packagi Rgckepapdgigicdgvationhe | nventi on The pharmaceutical and food

i ndustries have, over recent years, increasingly provided products in a
prepackaged The phardraceuticaindd Yegahdisires hbwa, oeerasgeneyeaty piceasiagid ptovidetoes,
nmeat and cheese are often prepackaged in a tray and the tray and the fruit

ar e cov gofictyntd prépack s ATORN. Fhhit hnd VBgeahs R ekaBpIBDapples ARPiohfes, meat

requirenents for filns used for packaging applications is that they should
pr ot ect ' Vi Cleni | ' t he products
e ot SRARME R AN AL AR B o BAER P b S hE il e DML CCor

Siml arbxrbst he fti | s are utilized as Dbarriers to prevent strong snelling

pr oduct BHER H@d in packages fromtainting the surrounding -"area with
their aroma during storage. Oxygen barrjer coatings are utilized to prevent
the ingress ©ne 8kihgawst imrorgpigagrtemepisiir filmsusedvior packeging applisations is et f
|ife of products and carbon di oxide barrier coatings are typically :

uti | i zethey shouidgretert priduatefrerasionds or adirs i e oidinkey invdrich thg prbdpdtastei ¢

bottl es hol ding carbonated drinks. U S. Patent No. 5,215,822, describes a-
pr oc essstofed denthep bhauddadtiae bariip toewhiardras o bdarsf Simiflatlo d@AHeS alyutlizéd 0 a

vi nyl benzylam ne silane with an ethylenically unsaturated carboxylic acid

e.g. itpaAtk% ?‘xﬁb&ﬁ stréhelsnPlingSptbducidontined h PabkaBosddh ¥ithg 18 \Grrounding

equi librating e resultant
area with their aroma 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)-



solution and applying a layer of this solution on a corona treated | ow

density polyethylene film and drying the resulting film film
is then subjected to an electron beamradiation to graft ?E?‘%ﬁ%@&é

the filmsurface and further inprove the gas barrier properties of the
si | ane afmbpiogyl tTiethuxystlanbengarthma nfi®psopyRfiehiasilaleyRios o iy ®ithard wi th
3-(2-am noethyl) 1 25 August 2004 ami nopropyl trimethoxy silane or gamma

am nopr Ry IThE kShRaX Mﬁithér\@asﬁﬁérpuseﬁ % EEa’é {HRGeldddnd sitifate aWhﬂst tJdAE ol t ant

m xture was then used to coat the rel evant substrate | st these coatings

gave ex I r w rel t|ve

o d 1956 srctue 2 SRGheR BRI FomBlemB R TRAGHR VS, B &

very-high-rel ative humd --values.-In additign the use of ectron beam
radi at iRﬁtmﬁ@jx}hwaa %ﬂ@ﬁ%& rtttﬁtsnh*a%?el%waflﬁmé@ws‘@h@ﬁ Ipﬁdﬁlﬂa%ﬁmswip
plastics substrates, with concomtant. | oss of tensile properties. U S.

Pat ent &lectron begs raliatiop mwds%htoasr@eﬁmkmgl@r ehaimgnissiindn underiydngplasticnat i ng
formulated fromat |east one nulti-functional acryl atenononer, at |east

one ar rsubstfamscivith bercomiitaarlioss ofeaisiloprbpertiss.| i ca and at | east one acrylate
term nated pol yal kyl ene oxi de: - ‘The acryl-ate-term nated pol yal kyl ene oxi de

i s provided yR, PAERNo. 536B08Y BRipokdi® definabIg, SRIRRSTekis@nt d0aBiB Beliald
during stripping and is also said to provi de’the coating.with a degree of

et or Ml f Moo Bhd O ran RG] LG ARERS1 £ 1L SLANGSnccgidgae, Lai 9 Open

( Kokai ) proposes preparation o I'n~conmposition by

iy RN CE RIETREI e, MO AR R

-filmw th good gas barrier, transpare tégqand mechani cal propertles for use
as a pavilyalniese exides prpvided eorderdo RpYEntdhe ¢astingieompasiticrfrom gelking dayng)
(Kokai) No. 4325545 describes a. conpositi-on-of- a:pol yester (A), prepared

by copdityppinglerddsalsesaidto mrovide Gphiohting witina degreaofgleﬁtmiabﬂmy;mmomol ybasi c
carboxylic acid having at |east thrée ‘carboxyl “gt'olips: With a branched

pol yest@emﬁ&gab%d;eﬁgmehal ic acid was used..i.n the.form.of a m xture W|th
i sophthalic acid and aliphatic dicarboxylic aci ds and the pol ybasi c

it ornati ve TPaetl b DREERCHIRG Do PRI R oG (E BHfialion dRAEaA " one
benzenef et aﬂogi(t\’gn Eﬁ{eé?tm% A4 'ﬂgylen Pv%ny] %chhél% Ipqgrﬁe?%&l 4 \?&ﬂ%%} ‘é} aSmbguseful as

a heat se

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 (Kokat) 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



for food packagi ng which prevents the perneation of food flavor through the
packagi ng 2 25 August 2004 material.. -U S. Patent Nos. 59§2R'§§§%ﬁ%d
5,374,483 describe a silicone coating conposition which, wh & n a
solid substrate either by ultraviolet or electron beamradiation, provides
a-transparent abrasion resistant coating firmy adhered thereon. The
siliconemaeatling is prepared by reacting at |east one nultifunctional -
acrylate nmononmer with an am no-organofunctional silane, m xing the nodified
sil ane wi t h- &altl.S Patsiit NoseS,260,330 andrfip3 83 dasvrlibe b eilieadet coatimglebing@sition! | oi dal
silica. Japanese Laid Open (Kokai) No. 7003206 proposes a conposition for
a gas : baghicR'whenQalddde s68NPELLIRE cAhUMY Atradiok? 8f S8R Yt MBAIMALAoS HedY
enul si on pol'yneri zati on of an a am nosil ane of the fornula

AR 0 A B A M el M
unsat ur DBEEAREpHEET Eroiob i Bl St il b nclimionl, o, o

and/or R6 are H The resultant polynmer is proposed as a_gas-barrier

coat i ng Siane. Mixne hegnedinedsiiaps with aé%ﬁﬁﬂ%/acéﬂmtwoﬂwm thereafier addiag aspect of
the present invention, there is provided a process for the preparation of
a barri eoliowatsilig. conpri sing the steps of: applying an organic acid to a
substrate to forma layer, and drying the |layer; wherein the organic acid
has at | east: Japsnesitlaid Opbis{Hdkad M 7608206 propostes alcerhpbsiaom fop & g Kiikr

consisting of a graft polyner, a polybasic carboxylic acid, a polyner of
an unsatyb @t SebAT AN Epeed gm s YRlIsiGH pAmpSRb d
carboxylicé%?H. Ehg enboé?%%n? ﬂ% .F@?g@% t3ya h?ocgggn or t#ég%fng a
surface of a.substrate to rov&dekﬁﬁggoved gas barrier properties 3 25
August Zo8B0oslAneofdheormula RINRAIA TSR pw ity whers ik is an alkyleas sroug, B ds/i ded a
treated substrate '

H, lower alky! or AQ-N(R5)-R6; A2 is a direct bond or an alkylene group;R2, R5,and RO are H

or a lower alkyl group; R3 is a lower alkyl gf;)up, aryl or an unsaturated aliphatic n-‘loiety;.R4 is

H, lower alkyl or acyl and R1, RZ, RS and/or RY 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.



prepared according to any of the processes defined above. In yet another
aspect of the present invention, there is provided an oxyggg,m@ﬁg%@;

di oxi de, odor and flavor gas barrier coating conposition conprrsing: (i) an
organi c acid having at |east two carboxylic acid groups, the organic acid
being selected fromthe group consisting of: a graft polyner having a
backbone. selected fromthe group consisting of hydroxyethyl nethacryl ate
and pol yethyleninmine with unsat ur.at ed carboxylic acid grafted  thereto;
a pol ybasi c 1Ba#19 |35Beh cytthecpresant dnyanbimi HErg o RPYadds pSHoatg S¥PsRteconi ¢
acid, citric acid, succinic acid, ethylenediamne tetracetic acid,

ascor bipsepac¢diaccpudingiotany of twmseseyses dehnsdnbovet r ahydr of uran tetracarboxylic
acid, cyclopentane tetracarboxylic acid, and benzene tetracarboxylic acid;
and a pol yndn et anathal yapest off thaprasastainuemiond theas Boprylided ani ckygel, aatted from
the group .consisting of itaconic, citraconic, nesaconic, nmaleic, fumaric,

acryl i cdioXié, a6t #d favop QidHaerieradgtingdompRitondeiiiisiapd at | east one ot her
conponent selected fromthe group consisting of (i) a conpound of the

formul a: RaX3-aS i | St r 3

consi sting ?:)Eﬁ ag%ﬁé%%%%%hga@g%ﬁ lgansg%@ﬁ%&g)@é@%@%&%ﬁ%ﬁ%&?&?ﬁ&é géig% car bon
at ons grouP; each X is selected fromthe group consisting of an al koxy
group wietested from the @souporpngisemgof :a hal ogen atom an oxi ne group, and an
acyloxy group; Y is selected fromthe group consisting of an epoxy group,
a met hacr yl oxgrafypolymer having e butkboye gelexted fromdtiie gamg coidist{ingd?) bNH2; a i s
fromO to 3; bis froml to 6; and n is an 3a 25 August 2004 integer from1
to 12; hyarx9adshsalidcate ah@bystthylehiling widl naiisahheCda@sbxl [0 Briti Rafiigoup
consisting of an al cohol, an ether,..an ester, a' hydrocafbon, and water;
and (V)paefol!!er selected fromthe group consisting of silicone resins,
silica, nmaghesi um oxi de,

a polybasic carboxylic acid selected from the group consisting of itaconic acid, citric
acid, sucqinic acid, ethylehedigmine tetracetic acid, ascorbic acid, butanetetracarboxylic acid,
tetrahydrofuran tetracarboxyiic acid, c:,;clopentane tetracarboxylic acid, and benzene
tefracarboxylic acid; and -

a polymer or copolymer of an unsa£urated carboxylﬁc acid selected from the group
_ﬁonsisting 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, -NH», and -NH-(CHp)pNH2; ais from 0 to 3; bis from 1 to 6; and » is an

3a



cl ay, diatomaceous earth, cal ciumcarbonate, finely ground quartz, and

| ayered silicates. Further enbodi nent may be substrates tr%ﬁ5§¥$dﬂédﬁ4
coatings essentially consisting of a polybasic carboxylic acra or a

pol ymer and co-pol yner of organic acids, denonstrate excellent gas barrier
properties at low to noderate relative humdity values. Furthernore, the

i nvent or gndlay & Rissingly found that substrates treated with a

conposi tion o? the a¢id with one or nore of a variety of additives
denonstrate echllegt as barrier properties at |lowto noderate relative.
huni di ty val uf® HEPAEsEs8@ystpt i on of the Preferred Embodi ments 3b 25
August 2004 The present invention is a process for treating the surface of -
a substrate vl slventsglested froguthd ghompiconsisting lof ars slcohvd, ahastheo) ayilelster, aci d
groups, wherein the organic acid is selected fromthe group consisting of
a graft Hhskreoathon, andpaitarpasi ¢ car boxylic acid, a pol yner of an unsaturated.
carboxylic acid and a co-polyner of an unsaturated carboxylic acid, which

§ll ' t j ; : rat.e 1o f |
Bnd arying The | ayer The o eecp coihgof Me B iSe ifles BabRis kB tibei ng

a main 4B L.C id hai ns of carboxylic acjds are
attac hef:l)él %gﬁm bac E%%lﬁga Mn%n %{a&’gﬁ%’ ﬁ'b‘g?’ BigrnG auartzyand layered slicatgsc h
carboxylic acid functional conpounds rmay be grafted. In particular,
backbone polymers used in the process of the present invention may be
selected fromthe group consisting of hydroxyethyl methacryl ate and

pol yet hyl eni m ne to WhysleP8)bihEAThSy bé’E‘tﬂﬁﬁrb&@;@&@ﬂe&@ﬁtﬁ%Xtﬁdg%’,e@éénﬁal%”Ch as
itaconic acid may be grafted. If the organic acid is a polybasic carboxylic
acid, it may be_.selected fromt.he ou onsisting of itaconic acid,

Gl tr] o SEPHINE G PRIEDARIS SROROHY IASOr ArAOlEnSrei b CoPRmSE 0 QEBIARCic:,
ascorbic acid, butane tetracarboxylic acid, tetrahydrofuran tetracarboxylic
aci d, cdeemonstaiegxeellant gay bamiso pyonestiascat dowatedmsderaisneslative thusridiby wylues aci d.
Alternatively, if the organic acid is a polynmer or copolynmer of an

unsat uratrgnoarehthe\ihventeas haie surprisirighhfovad ¢hat subistrates abatedblith sselngeistidnf r om
the group consisting of itaconic, citraconic, nesaconic, maleic, fumaric,

acryl i cof theeichheithl ot oSRiold of aanilieqi BRAATiEVACidSonskatePHIENEI: Sz baHiG
unsat urated carboxylic acids described above may be. used with any

appr opriBh&tibaaby i de AR e RithRfY $4ubs Om t he

Detailed Description of the Preferred Embodiments

3b



group consisting of any other unsaturated carboxylic acid referred to
above, ethylene, propylene, styrene, butadiene, acrylam des ust 2004
acrylonitrile. The polyner or co-polynmer preferably has a no cuﬁ ar wei ght
of from 200 to about 1,000,000. Wile the organic acid may be used alone to

treat the surHeasesenfinfenfivl s d froBessifbr FRYin@ RS urfaBCb b REAE biigna organic
conponents such as a conpound (i). of the fornmula RaX3-aSi (CH2)nY, "a 4 25

August q ' : L i ch : und (i)
oS EROAIRS ARV AL S gron Wb TBY pliEn BRI ORRETRAAE L 0]
may be used, for. ex le, with a coppoun I ). of. the fornuLa RaX- 11

Moher o atogtearsRling SELBiafinolymet Ap S BN, Gitrvbingrids # RGBT & fy thBBERCAt om
j-_4Si (I'l_12)ny and a hydrocarbon group with | to 10 carbon atoms per
group, REIoxElaagd anda serpolyates af e unsgisated earbexyligl acish axhich rrpcess cpmptisesgr oup,
for exanple an al kyl, al kenyl or phenyl group, preferred groups are nethyl
and et fapplyirg=theesitl oprte fhersubsirasé torform fa layer andb tiiyyng the dayes. Each X is
selected fromthe group consisting of ah al koxy group with | to 4 carbon

atoms, a halmeiaft pblohler R RPpbIned VI uR CdntisHDd ¥ tHcRbhe Bhintthese
al koxy groups for exanple nethoxy and ethoxy are preferred.and mnmet hoxy .

ar oups Afith BRS LAl Chftlylc pdidh 36 LAEIEH ol BDBRBENR RO BhiNg01 an

epoxy group, gl'yci doxy group or an epox up, a

meft6ryl o x| oyp' ., an.acr.yl.oxy. group, -NH2 and - N 2) bDNH2; a is from
0 to 3 Pobierie Viiitpina il SrlioMl SoRpounlsind s aralied, T PRRQUES pr of er ably
2 and nis an integer froml to 12 - and is preferably from2 to 4 nost

pr ef er 28Fkbone pplymers wsed in the precesheiihe presery inveation magibgiscleated fixn thea net hoxy
group ais 0 and nis 3. Mdst preferably conpound. conpoun (i) is selected

f rom t lpeowgr conpistrmef lydrexyethlynyethaveylate and pplyethyleniminte td okicdi dngsaitable
gl yci dgy, ypropyl trinethoxysil ane, nethacryl oxypropyl trinmethoxysi |ane,

et hyl enggitamicdearrylic ddid SRhhEiMcodiaRad ai ba-grafiel: epoxycycl ohexyl ) et hyl
trimet hoxysilane. The condensatioji catalyst (ii) may be used wth conpound

(1) 2 o088 S JESE o SURARE L hay BOBBF oo P o0
consisting of itaconic acid, citric acid, succinic acid, ethylenediamine tetracetic acid (EDTA),
ascorbic acid, butane 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



| east one am ne group, and therefore -will always self catalyze the cure
reaction to some extent. However, the cure -may be accel erzst%&yz Se of a
catal yst. Furthernore, conpounds of a simlar structure nod I'ng an

arni ne group present, as used in the exanples for conparative purposes,

W T T egpade@atorceddlysy 6it) witdcibinay Basdediwlich icampoand ) is Addedsolteatoldea solvent
condensation catal yst nay be added, 5 25 August 2004 for exanple, tin and

titani ug?g?cglrrpqm@fiév_r am nes may be utilized. Wile a process according to
the i nventfion may proceed using a solventless system the acid alone or in

conmbination wth for_ exanphe oppaound (i ). di | sol vent
(ii1) . and ‘,‘s;ﬁb%%r&ﬁ@ﬁ?‘i@“{:%gbﬂ? ;u%e@, @Sm%ll(:u%ﬁﬂ&n%xo’%ﬁ?‘?d@%E\s&%gff’@lgar ried out
with a viewto reducing the total solids applied and.so control coat

vei ght BoXsiagiGsimn € feein paehd teleeied fiom el sapyrcpnsistipggba hy tom
catal yst is. being used. In general, alcohols and blends thereof are

sui t abl gdsohydesdashdvagauseith Neo 20 icarban dionhiaree ghapdfor ermnpled saturatedbar e

sol ubl e therein. The sel ected solvent nmust wet the substrate. Preferably,

the sol yaardiSs & -afi%} Sronfafid %@%s,Sfo?ekmﬁmE%quyneau&hyﬂ APhehieralp, the |ayer

beyond a commercially acceptabl e period.” The afmount of sol vent may range

o BB gl e A5 A TS Sl

conposition. Preferred solvents (Jii) are alcohols for exanple, t hanol ,
et hanol 's Selegied fiappihe grqwarlaﬁa}goq(fj,an- XX GFOURYHR 1 1 CAER) 2 %aﬁgﬁgw t he
nost preferred solvent being nethanol. Alternative solvents which may be

utili zestoinnen oxisegroun snskan degloxy geanpl of theseyalkeergpupsdar evmnle mgthoxgapdp| e
et hyl acetate, a hydrocarbon for exanple cycl ohexane, and water. Any

appr opr ¢thdey dre pteferrdd and methioxyegravishele st prefeared dY as stk fromithe gronp exanpl e
conpound (i).- The filler may be selected from for exanple, silica,

magnesi syhsRhE 6f arcépiy grolipaic? ERafApE S g%riddky GOSN epakPRRIatky] fionp) ¥

ground quartz and l'ayered silicates. i ous other optional additives can

be adde ach g ” ' I f r se
addi ti vlglse&%% Ih%g%gﬂ'g)éé‘?g%&lgggﬁdgg’ gﬁ]}éi ?ﬁd g%/l (g?éa@?l{g;s aﬁé(;ﬁgﬁia(?o? ﬁgil/-&]g)o not
reduce the performance of the %as barrier coati n‘gs as jllusgrated herein.

Exanpl eprefsrabiyifi b isaagntegerdrana & 1o A and isgaferabdyi? and vds asingeger frem ldeddr i ped,
anti bl ock and slip aides such as stearam de, ol eam de, erucam de or pol ar
addi t i vasl is praftrably foqpo itelé spospprefasatdy 3 gBsst results awsrobppaneddyiuse 9f such
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 cufe °
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,



as polyethylenimne. Furthernore, colloidal silicas and silanes or other
nol ecul es having four 6 25 August 2004 al koxy or ot her hydrzglp)(‘@ﬁﬁlﬁmqroups
di sposed on a single silicone or other organonetallic atom sOch as tetra
et hoxysil ane, and the like nmay be utilized. Wetting agents, such as a

POl v et X lafofé] it lfd itaR A Aol Bl SBEmAPREdpRg oY PI gent s and dyes.
-In a process-according to e | nventli on, e coating | ayer may be applied
on to a wideg,, yariety of substrates, including, but not limted to

pol yol f i ns, WhHEH PR Acrorne IninE SNBHOPRE RS REPPING asebeniies syapyiene,
pol yet hyl ene, polystyrene; - pol yol ef m copol yners, including ethylene vinyl
acet at @cidalongias ifeCorebigation vad B example.cempeing (i) mey bhdissqlvdapip solventdiier s, -
pol yvi nyl 'al cohol and copol yners thereof; polyacrylonitrile; polyvinyl “°°
chl ori ded sytsbgnently bpplied flonr sodietionpThigvs mypbilfented it ovithdeviawndo fedlviag tel at es
Further alternative substrates include polyesters such as pol yethyl ene

t er ephitdral sali@s affpREd hndo dRtYESAY WeTRht dlﬁrﬁll)gtaﬂﬁii&&isn AERMariPRI ERHbARScaSUCh as
nyl on 6 or neta-xylene adipam de. (MXD6); and polyi mdes. Even further
possi b ' ' e t.ed_cel | ul ose,
gl assi @ege%)%&%%k gba%ggggggﬁ%%ggel?%gér%g}#@a fe%gg%esrgl%gé:%’éﬁ%i her - .
possi ble substrates  include, netal li,zed ,pol r fil, or vapor deposited
ot ol SRS (5 A0H A0 O STRP) FHEoR CRrare SSjbble theim T8 sclonled SPARED! | e
according to the invention. may be applied on to the aforesaid substrates
when t My thesubstiate, Rsefergbly, §r salvent igmen-toxig, and dess nabexdendghe divingdime of s is
not obligatory. The substrate may be a copolyner, a laninate, a blend, a
coat i nghedayer beyontirmacdannacially axeftable pexiod. The ampuntfof sbleestuhsiramgecorh i st ed
above according to the conpatibility of the materials concerned with each

ot her . absutddeiabéu?99 phHehySwEiIghe G¥itke 150 colpoditior & if prefBratily fomi Bk SHABL i ner
made from materials such as pol yet hyl ene, pol ypropyl ene,” pol ystyrene,

pol ya”hﬁ'&lw?g%rt%&%v& (o toEYgﬂngﬁ%gAﬁm nates containing such materials.

The layer c € ap ed onto a trate in any desired anount,. however;

0. 05t b abotrorhhBT pB Fokoh SRRl Hedhel B8l heBimeiogs

isopropanol, butanol, and 1-methoxy-2-propanol, the most preferred solvent being methanol.
Alternative solvents which may be utilized include an ether, for example ethyl ether, an ester for
example ethyl acetate, a hydrocarbon for e;xampie cyclohexane, and water.

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.

7- Various other optional additives can be added to the acid for treating of the surface of a
subs";rate. 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



to about 10 g/ nR2 and nost preferably fromO0.5 to 310 g/ n2. Coat weights may
be determ ned by gravinetric conparison. The | ayer can be Z%pmldugﬁjzdog t he

substrate by any conventional nethod, such as spray coating, ro coat i ng,
sl ot coating, neniscus coating, imersion coating, and direct, offset, and

reverse ' | ' | O | ayer
oG oo RoRy M Aol BB UBRES o BRI Moo of Ol AL i, T
process_t he er, nay.. be exposed to jheat. duri t he dryi process.

Cenor o Pyt s rgRNIoRE SRIBRIRE by it Wik Snls fisfs ol T ooy, The
upper tenperature limt for the heating step is the tenperature above which
the subesthewiaied Plﬂmaﬂdnahmma%e&sgabm@ya@?% agfldg¢sstortion. In a
process according to the present invention it has been found that the

| ayer may’ belnk prodess acdooding to the arventgpnatheagting layep exaytbe mppliedmmto a ovide
tenperature up to about 1400C, with tenperatures-of from about 40C to
about 1¥4stef snbstrnaf Ricldihgaihd noelimiédiolpobmlefinspinolidigrehedabout  100C
bei ng nost preferred. The tine period over which the |ayer may be heated

e [ABRRoS e 8t SRS Yo caune ke e

t enper at uf€ range reférred oati'ng w | cofre tack
free in; ' g 0 b . t is

pr esent e Ete @B biPickilel e MR GAPRTaid LeERSRNMIESIA YL, L cores
of increased inportance.as it not only serves as.a .neans of accelerating
Che | cIROPMH, Boloviay Ll calal gaskcRolymers Hisieog PALARBUPHIT PO AAd GHPBAE: i n ¢ he
| ayer. In cases where conmpound (i) -is utilized in conbination wth the

or gani chelrvigykdiehlprge polyyinylidénsrdinridessnd pobucmylptesni st ure during the above

drying process in order;to effect what is thought to be a curing of the

| ayer. Af t.er Fuhthdratfemativy snbstrptesnaiclnde polgestérk sustessdol yetitylaneasrepighatatg be
exposed to el ectron beam irradiation, ultraviolet radiation, ganmm

r adi at | (FET)PgoBetHyRak nastdhane (PER); folyamidadusinbs nyloh & oditasxyléhe25 August

2004 |1f.desired, substrates used in a process according to the invention

ey e RBAMBELORO) ey oot on o the |aver, [or exam e, by corona
Lreatments aﬁ\(rjénofur&lera %siuees%s@a%ssmcl%&é pcﬂ{rsa\éma%%eg rsgchkapsor\émgqeniepatédh e art.
céllu_losp, glassine or clay 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



AY ' Furthernore, any of the foregoing substrates nmay have a prinmer or
primers applied thereon prior to application of the |ayer. | S may
be applied to the substrates by any appropriate process kno%mnﬁfgr%{@zlart,
for exanple, spray coating, roll coating, slot coating, neniscus coating,

I nrer sion, coat.i and indirect, offset, and feverse gravure coating and
extrusi8 ﬁbot&tghtg?rﬂ% an m%%?frém%iyi fram 8- g3 1P ud@?atﬂ‘@ﬂg%&? may, de deferningd t o
carbodi i m de (cyanam de), polyethylenimne, and silanes, for exanple,

N- ( 2- arByrasevimgiric-compatisap i Jayer tansictaprljedstol thevsubstzatel by any conventional

am nopropyl tri ethoxysilane. Substrates treated by a process according to

t he i nurethodysucipgs sheayohtire iddoating) SRU coating aerisdub bédiRik, ired@kidR dbatingovever ,
it is possible to bring a second substrate as descri be above, into T

cont actanWidirct! Sfset, lahd teve B Shvitheeoiffgler  adhesi ve bond form-ng-condi tions, .in
whi ch case the organic acid alone or~in conbination with other additives
serve as a i adhesi.ve. .This. roceed .in a continuous process
wher oi -t he TagosSt e8Pt e b MM By Bier T iedr B By pFOR 0B e
first substrate substantial]y sinultaneously. Alternatively a stepw se

pr oc es SEMREPUEROT IR EXpesie thekyipg Rrocs thelpyer may hesxpesgd ity heas Buringithe drydng he
first substrate and subsequently the second substrate is applied onto the
| ayer . Preress: Gsnerally; dhe highgr thestpmperatupe, thedasted the layet willdrg. t op coats for
exanple, nmetallised coatings using alum numor alternatively vapor

deposi t ed nmeflelupper te@peranitd g farfthdbéAaing st&h (9the BinpEidre abaektitithe! €qUi Ti ng
nmetal lised or vapor deposition netal oxide coatings may use coatings

Pr epar egbdhtAwilRReSs aﬁcﬁﬁE&g&GIetc%FfeQ%f eftrs%%ﬁnsg{. g} ?gl%e%gs Bkciding ;d' fiprs. There

has, for a long tifme, been problFem w se is-type i.n

ot o Arciond G0 e R R e Pley B ¥ i G b SR B S gt %2004 o

v

weak p?i nt due o surface defects in an%&r W!Bg(:k of adhesion of the
met al | FSBRFPHIFLFOTR FOGTH IPmperatyre Bp &0 hons {404 Cs Wi dsrapezaturey 9§@ﬂ‘?ﬂ abaRiAIRC
di oxi de, aromm and flavor barrier coatings as prepared by treating _
subst r 42 akouwyd207§ being prelered ardismperatiresofiaheuti690@ ta abtout h0yCleingsvdstf or a
wi de variety-of - packagi ng containers, for pouches, tubes, bottles, vials,
bag- i nphefsresi. Bedimb pariod overhelsich thellayer may be heated is, as might 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 serves 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 beam
irradiation, ultraviolet radi_ation, gamma radiation, and/or heat and chemical free radical

initiators.



top cartons, therno-formed trays, brick-packs, boxes, cigarette packs and
the like. They may also be used in any application wherei %Eﬂ' roma
barri er properties are desired, for exanple, tires, buoya-r?gy-- .--8@%0-‘%(1
i nfl atabl e devices generally. For packagi ng applications where a barrier
coating as oq&gﬁsed t grn adhesi ve | ayer ig. utilized one Oi’ﬁt he rmét .usef ul
appl i cati ons 1-ESHFd SEOSHAIES Hyddn B BFAFETSASSATEE 19 thednyegtipn may be pisirpajed prior
Typical ly uncoated orjented pol ypropyl ene has an oxygen transm ssion rate
(OTR) &% apphisation; afdielayerofop oxanpie breoway treaiinent, plasma treaiaent, msial pnstal t he
oxygen transm ssion rate of the oriented pol ypropyl ene substrates can be
r educed okpletdepssitidmaacid rOQMBn BhdiSY fikaye matments aillrof dvidch &6 Yaovel mtthe art.
humidity.”1n sonme cases significantly |less than 0.0001 nB8/n2/day. As used
her ei n, FultBerhRdTaiPbOBY fortdiiOsBstrBasmBAE 8 primfee bEpEmbR agpliéﬁ(ﬂlérfkgl d;murc h
uncoat e

can reduce oxygen transm ssion rate of the aforenentione

pol ypr opylk i 0: / : 1%9% IBa% red at
50%r el 2%(%%%%%}%dgjﬂﬁ{/lgﬁfhgﬁgé@lgﬁ%ng%/bg%%%@g (ﬁllegsq}g’%%z[t{%/e 09 %?{ ptrs asgect S an
oxygen, odor ,and f.lavor, gas _barnrier coating copposjtion. substantially
cons: st PRGSrAm p et BBt iy Bt eo Pl ARENG SlobeStipBamrin: <

sel ected fromthe group. consist.i ng %I : 1) a graft polynmer having a
backbonéo%t@ge’éftl’éQIS‘PPﬁﬂ?t’fnﬁea"&r‘B‘iI{F SHSs st gV esTe BraNe e0dling Ad SREISRBY v| at e
and pol yethyl enimne, wth an unsaturated carboxylic acid grafted thereto;
2) a polysingi Suitabidpsupkts maydndudse betcrenbt fingted tdearhodiumide Goysiaside)y of

I taconic acid, 10 25 August 2004 citric acid, succinic acid, EDTA

(et hyl epeleihplenignihistand sibdnes; farixahpleaNqR+hiiSost)ilH3 -ahiicpasyitimathak P Sitank! | C
acid, tetrah~ydrofuran tetracarboxylic acid, cyclopentane tetracarboxylic

aci d., . aAdSmhepreppeidtRidyditaeboxyl ic acid; and a polyner or copolyner of an
unsat ur at ed. carboxylic acid selected fromthe group consisting of itaconic,

) recon . SEaRERASuHB) Sphey AR M B Y P
o e AR o SR b SR NS

above, into contact with the first substrate under adhesive bond forming conditions, in which

casg the organic acigd alone or in combination with other additives serve as a primer or adhesive.

, This-inéy proceed ina continuous process wherein the acid/adhesive and second substrate are

applied “on'to the first suﬁstrate substantially simultaneously. Alternatively a stepwise process

may b“é. utxhzed wﬁ;erein the .l-ayer 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



group -with I -to I O carbon atons group, each X is selected fromthe group
consi sting of- rm al koxy group with | to.4 carbon atons, a %I 80 HPm an
oxi me group and an acyloxy group, Y is selected fromthe gro’ﬂ% consisting
of an epoxy group, a nethacryl oxy group, an acryloxy group, -NH2 and

- NH- (CHR), : ' ' i r.fr I 12: ii)a
condensat %H(})iﬁ%énat'? 1a1+ @s{&ﬂgg % 3%%83%%&%&?5?@55%%%?&&@ ?t%@seélr%ﬁeﬁ toc%‘ﬁsi sting
of an alcghol, ether, ethyl acetate, water, and cyclohexane; and iv) a
filler atieé(?bz%l’l@ﬂwfslugﬁafehe group consisting of silicone resin, silica,
magnesi um oxi de, clay, di atomaceous earth, calcium carbonate, finely
ground quar t@XygeRrarhed diaxiqe; atoms and flayerharrienrgetingses prepamd bptreating become
nmore clear there now follows a detailed description of several coatings

pr epar enibsiatasusing g pravessecenirpanthe invennibh omay bélused fos biwide Vapietyhsr - f ol | owi ng.
Tabl es are given in 10-6 nB/n2/day Al ratios indicated in parenthesis in

the quablmgiﬁg_@oﬁamef%@f@Faeu@ﬁs,&umi BitilesD3lsS bad RLIRES, 3BRG-uB pBullRS Gabien t he
wei ght of solid materia in the solution. AT the solutions were prepared

as 20%g9Lirgs | € tﬁe% € . A herw se
I ndi cat e%l). E?(’attﬁrrkﬁﬁ L‘lgq?ﬁ%gé ’a%?%%%%ﬁgﬁjf %ﬁaé:ﬁé‘%%&;ﬁ%le é%’o-élﬁ‘?%ma% :
oriente al opyl ene. substrate and assessed using the. sa rocess which
is exer?goﬁei“é'gflﬁfx?'ﬁ%pq’f%ﬁl?%w&?fﬁmﬁg’@ﬁam% & RIPR Staéedetsﬁgxé sessnent of
a polymal ei ¢ aci % The fall owi ng describes the preparation of a polynaleic
aci d b&Xagpriedues fyovaey rides a"@ﬁb‘%‘é@? Aevicesrgeserally-or i ent ed pol ypropyl ene '
substrate and subsequent testing. A solution was prepared by dissolving 20
g. of pol yndloepackagingagibicheansevhiztda birtiai svating &5 apposddd) ah adikGive layef isHPLC
grade net hanol obtained from Al drich. The | ayer of solution was applied
ont odf neitibddyore @f tRandst assfelchppli¢atioheld wiete/dianpsd Rprépyldie fikiifighean
air-driven - _

substrate. Typically uncoated oriented polypropylene has an oxygen transmission rate (OTR)

of approximatetly 0.0015 m3/m7-/day. With the present coatings, the oXygen transmission rate
of the oriented polypropylene substrates can be reduced to less than 0.0003 m3/mZ2/day as o

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
10 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



mechani cal bench-top coater, a #3 (green) K-bar (RK coater), theoretical
wet deposit 24 pm The |ayer was dried for 24 hours, underzsg!f@iug 004
conditions, before oxygen transm ssion rate testing. Typical e anbi ent
conditions were roomtenperatures (RT) of from?22 to 280C at a relative
hum di t y: . : 46 | Lvea: T r h.SJ dry within
only a g@vé a%’%g}f‘égctg? 1dég%?qﬁg§t¢5§%%§h%ﬁ5\gFég%¥§{C? C%@’ %F%ljb? oér%wﬂp to 24 hours
to ensure, that each | ayer - .C | etely, cured i or, to_oxygen .
tranom PoBHEacaboRal it 1A cE RN Tl R, PP PR e oS e -
to 3 g/n2 range by neasuring the change in weight of the substrate before
the |ay éﬁldmgb&mﬂq?éwaémoaﬂﬂ@m@md|aa:5¢@fmwa)§ ceplwaer ofipn unggy@fed

transnm ssion rate (OTR) for each substrate treated according to a process
of t hecabesdtacidsented divmels gretp consixtidg of itagnz, MDBON{e, meScoilicamalRic20
apparatus using a COULOX (r) coulonetric sensor. Each treated oriented
pol ypromma@ﬂ@_mﬂm@ﬁe,lgafm@%d ¢uamid agildf f usi on cel |l form ng a divide
bet ween two chanbers. Both chanbers were then purged of oxygen using an

oxygen wiﬁ%nggg@gﬁrofgl@%rgﬁﬁE%%/Sgg%ofﬁ xture of 3% by vol une of hydrogen in

12 25 August nitro IS introduced into the first chanber and
Is allowed tgq perneat fttgrﬁl{%g‘ the sanple into the second chanber wherein
any oxygen |ae°8311’8§"‘§?é &N }ae transported by the carrier gas to the
sensor. The 'signals -recejved at the sensor are caused by the reaction
between the. oxygen anBaRperdfdidnthe results fromthe above tests are
shown _.bel ow .in Table 1. TARTS -1 Coating conpositionAdditiveCuri ngOTROTR

SO0YRHBO URekeirEaACA R 1 Isklectad ifidn( the QRS colisiclinie OOy dRSEn Rt rikEd b Bgdratarbon
R T.281109° Min water polyacrylic acid.(5,0000.1%3 ucopon 650 ECl HHdri ed at

RT.7 99@5%@ #ﬁ%ﬁé@é%{)@l}%@%f&ﬂpi, EachSt £ deftRfld MU fre¥bi LHORERY &@91

ECI HHdr

_alkbxx group with 1 to 4 carbon atoms, a halogen atom, an oxime group and an acyloxy
group, Y is selected from the group 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



MY 10% sol ution in water polymaleic acid (1,000-dried at R T.2941440 MWV 0]

itaco 'c acid)dried at R T.681480 pol y(nethyl vinyl ether-co |
R T.29980 nmal-erc-acid) in water poly(acrylic-co-naleic-dri ggqg'{g%%.%oﬂ%ll%
acid) in water Itaconic acid-grafteddried at R T.1091004 of eth I enim ne

(1:2) p |« Leqacid), .0.1% Triton X-100dried at R T.21937 potassium
salt i n%é%%éﬁggrh%%et hyl nmethacrylate-Dried at RT-741035 grafted of

i taconi g aci,d, Hydroxyet hyl nmethacrylate-Dried at RT +541064 grafted
polyita cidEB 10 Mad, 170 kV In the case of the last two results
relating to a hydroxyethyl nethacrylate grafted polyitaconic acid

co- pol yner, Badhdayssvas pispargd, therleprbied arte anonented pelyprapens subsiraieiamn, a
process according to the invention, one of which was tested for oxygen

t ransm ssesed sishigethe wanhdymrotesh whiidhels ekengplifivd by tenfdlidvlmgaesoeiptioh raldtingho was
treated with an electron beamprior to testing of the oxygen transm ssion

rate. Ghehbfi@sehenV\of Spddshileic@sidi he latter provided the [owest rate of
oxygen transm ssion ‘at” 50 % relative humdity. 13 25 August 2004 amlP 2

Each compos! SheNAUR Tl ordniRa BRI 80l Mt oo,
subseq ua(.aprll)tlilcgtio%%%itonzg] SHented 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
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am nopropyl trinmethoxysi lane into the acid solution. Finally any

addi tional ingredients such as wetting agents and/or cataly L@ udSI R4

di ssolved 'in-the-m xture. Subsequent to the above preparation Step the
application and testing steps were carried out as described in Exanple 1.

or epar et ODpER Rt X AEPLE % ch e‘.’%raﬁﬁﬁéﬁ*"z’%gﬁj’@eﬁ&@% tipid H%h"”f rom
FMO) i

n 80 of, HPL thanol obt ai ne om Al drich and .
o ARG SR ErHhABEyTielE Ay Grith feuleR Bt ate Frang et By
A-1100 fromWtco, was _added with_ stirring. Freshly corona treated
ori ent e§aBEr gisrte Hie serserfihesicnalsseceined ot the rse;nswt e a@t@@rl by the reaston dgtyreepng
solution using a #3 (green) neter bar obtained fromRK. The |ayer was
dri ed f dhe @dghoandhydefgen.e t-esti ng.- - The oxygen perneability at 50% rel ative
hum dity was 0:0000082 nB/ n2/ d. O<ygen transfer rates for the coating
conpositions . pre e rovi ded | w. Conparative exanpl es
cont ai ni ng tﬁ@‘ ﬁ%"}[ﬁsg OVE eéglaae eﬁo‘”é’&]%%!fnld acrylic acid nononer
are al so provided. The nunbers in Table 2 shown in parenthesis, i.e., 2/3,

1/1, are the -weight ratios of t onents of the coating conposition.
2004_TARTY 2 Coating conpositionAdditiveCuringOTrROTR

14 4 25 August
SO%RHSO%qu:OgMMIPmpr o )ytld'dltlvﬂmat hoxy5| I an ldrﬂzed at| GTR. 2710TR |
i taconi ¢ laci-d)—25-ganmma—-ai : :  30¢ dried at
R T. 5. 217 Polypmeylie agid (BP0 aci &1% Ci*@'s@ﬂéé? le -
ami nopr oD MEEh ool L ahe—dried—at—RT-8-1200 / of nal-efiefaci-d—1:1 -gamm
ani nopr of nggﬁ%ﬁ%%@l | an 8% G ucaPoR S EEGHE g R T. | 7 994
polyacrylic acid (450,000 | 0.1% Glucopon' 650 EC/HH | dried at R.T. 6 1096
1-MW) 10% solunon in . .
| water
polymaleic acid (1,00_0 - dried at R.T. 294 1440
MW) '
poly(itaconic acid) - dried at R.T. 68 1480
poly(methylvinylether-co- | - dried at R, T. 29 980
_maleic acid) in water,
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 polyitaconic acid
Hydroxyethyl methacrylate | - DriedatRT+ | 54 1064
grafted polyitaconic acid EB 10 Mrad,
170 kV

polyitaconic acid co-polymer, a comparison was made between two substrates treated by a

In the case of the last two results relating to a hydroxyethyl methacrylate grafted

process 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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[acetic acid 1:1 gamma am nopropyl trinet hoxysil anedried at R T.5011280 /ac
lic acid (1:1) gamma am nopropyl trimet hoxysil ane-dried at @5%@%4/ 2
4-di h drox benzoic acid 1:1 ganmma am nopropyl tri met hoxysi | ane0. o Iriton
X-dried at R T.1111180 /citric acid (1:1)100 ganma

am nopr hmet hoxysi |l ane0.1% Triton X-dried at R T.0.6209

[ bat anetetracarbox - lic acid (3:2)100 gama

am nopropyl tri met hoxysil ane0..1% Triton X-drigd at R.T. 6518 /ascqrbic acid
T ) 00 AP RO R b R ehls,a o4 e e bissolVips e eovan) raddbM o aoi d
(1:1) gamma am nopropyl trimet hoxysilane-dried at R T.1156 11, 2, 4, 5-benzene-
t et r ac APPEPPyiafesolent methengl upass g&rﬁn@m ingdigated] andisnbseguentiyaddiog igammat

A T.4284 |1, 2, 4-benzenetricarboxylic acid |I:l Exam Substrates were treated
by a pramueepgropyddimdihogysilandih® the vdd solatiomiFinallyanp additiomahmhgrediemy sush ag an'
acid, a solvent, nethanol unless otherw se indicated, and a third

const i twhihg agents andiof 8dt@dsts lvereBSBIVRY e nikfife. SUDSt rate was ori ent ed
pol ypropyl ene unl ess otherwi se indicated. The OTR for untreated

pol yet hyl en ' . f%f%% |

i i 0y and Par Thi PO Bieblaibivhbs BpdfRudt b Peril et SR e 500,
rel ati vethugi di'l%]e\él .a%d as ﬁuch significant reductions in OIR values are
provi det RhERTHR LR X?E}B"itrat es are treated by a process according to the

present invention. Each conposition was prepared using the sanme procedure
as in exanpl Erefollewingdsgaseilic sxample ol Sivaragasopndsrtakene conpositi ons, the
application of the layer and :

A solution was prepared by dissolving 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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subsequent steps were carried out as described in Exanple 1, and the
results are shown in Table 15 25 August 2004 Tahle 3 Coati
conposi ti onCuri ngOTROTR 50%RH30%RH
gl yci doxypropyl tri nmet hoxysi | anel poly(itadried at R T.2.5622 conic acid 1:2

¥ August 2004

gl yci doxypropyl tri met hoxysi | ane/ pol yit geflfised at R T3. 7496 onic acid (1:1)
pot assi um_pol ycarboxylate! polyitacodicdried at R T21937 acid polyitaconic
aci d/ SR 4{1€oaiiflg dpghpdited at R T108&8MRivEB 15 MCadpg 170 {IOFRpol )(d'ItRacoﬂmi C
aci d) | anophousdried at R T719 Ipalyethyl eng terepht HAN%RH ( 80PRH B 10
M ad, 170} sevmpehigdpropdcioethexygleied)/ 3- am no- | HriedpgrRpanéldri ed 128 R T644
vi nyl et he /DQSIV(iMCQﬂ!FRldifZ Mrad 170 .k\V poly(itaconic agid)/driled at R T4086 -G
| yci doxypy@mylh @mlpmﬁwwwxyﬁll'aﬁe 01*% GIUMOQLZ AiiePER.-Bol V@i t acgiiL acild)/dri ed
at R T329.@lyaonylichsidil et Bl ang-1-1-on-50-—m-L ~EDJA/dri ed
at R T451 AP maEEopyl tri rret hox §&sdedhe |82 90

/polymaleic acid (1:1) \ :

gamma aminopropyltrimethoxysilane | - driedat R.T. | 1071 1614

facetic acid (1:1) :

gamma aminopropyltrimethoxysilane | - dried at R T. | 501 1280

facrylic acid (1:1)

gamma aminopropyltrimethoxysilane | - driedatR.T. | 0.9 690

/2 4-dihydroxybenzoic acid {1:1)

gamma aminopropyltrimethoxysilane [ 0.1% Triton X- dried at R.T. {111 1180

feitric acid (1:1) 100

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

/butanetetracarboxylic 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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(I - 1) ina 20%solution in water with d ucopon 650 EC/ 1414 pol y(itaconic
acid)/Dried at RT73732 net hacryl oxypropyl trimethoxysil ane+ Jg I?ARLEP% t 004

(10: 1) Mad; 170 kV poly(itaconic acid)/SR 415 (10:1)Dried at 8 %

15 Mad, 170 kV In the above exanple several of the resultant coati ngs vvere
subsequent ly treated with electron beamradiation (EB). Qher variations
nmay be’made i n compounds, conpositions, and nmethods described herein

wi t hout departing fromthe essential features of the invention. The

enbodi nents of the invention sgédedcally illustrated herein are exenplary
only and n - As Timrtati n S¢ exgept as defined in
the app‘endlgitsoalhf']éagdr?rr\%ﬁgitl 25 Augustq%glgg ig)?%{RHl .Rizocess for the

prepar at i oNgelioxfprErime®dxysi@5oly (g | QAR kST Mg st e >Bﬁp$ of applying an -
or gani ¢ acidhnit Qidggubstrate to farma layer, and|drying|the |ayer; wherein
the or ganj gyciaeymlophiaineddxyslieplyitd Warieddt 8,7 $abstityest s -apd is selected from
t he group idifing of . a graft{polyner {a polybasic carboxylic acid, a
pol yrer of RRHSS'HﬂQ‘ﬂXCEFP‘w‘%P‘%‘/a‘FBUX) \dried 24B{Td | 2nd a| 8%- pol ymer of an

unsat ur at geflarboxytie—pei-t—2—A—process staceorei-ng—toe—laim 1 wherein the

pol ybasi ¢ cpﬁ}y'l%‘i?iﬂ %%%4&?@ 4's sel eégéfgi’; A% he §FfBup cpnsisting of

itaconic acid, citric acid, succi ql,(g(vam d et hyl gnedi am netetracetic acid,
ascorbic alcdog(,mg,u;@;a%%ﬁo@scar DOXYTyhics ARTO| L ELrapy@r of ufan tetracarboxylic
acid, cyc| ppaiyianaephddeamay, boxyl|ieg 18Gk6, [and bepzene tptracarboxylic acid.
3. Aprocess_according to claimliwhereinlthe unsaturated carboxylic acid

I S sel ect edpoly(itaconic acid)/ 3-amino-1-propanol | dried at R.T 644
Jvinylether (10:1) EB 10 Mrad,
_ 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
{1:13 on 5¢ 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
Jaen Mrad, 170
kV
poly(itaconic acid)/SR 415 (10:1) Driedat RT | 108 812
+EB 15
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 fhe 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.



fromthe group consisting of itaconic, citraconic, nmesaconic, naleic,
fumaric, acrylic, methacrylic, sorbic, and cinnam c acid. 45 AREPSRHS
accordi ng to claim 1, wherein the co- poI ynmers are nade with an unsaturated
nmononer selected fromthe group consisting of ethylene, propylene, styrene,
but adi eggaip@cryl am de, and acrylonitrile. 5. A process according to claiml
wherein the organic acid is mxed with one or nore -conponents sel ected
fromthe group consisting of: i) a conpound of the fornula RaX3-aSi

(CH2) nY wher éi A pracdss feritke prepaetiadofa tani¢hmwatng opmpusisg deistegs of: a hydr ogen
atom and a hydrocarbon group with I to 10 carbon atons; each X is sel ect ed
fromthe group consisti. of _an al kgx roup with 1. tp 4 carbon_atons,

hal ogen? %X}ﬂg ﬂ&r?f%%{’ilwéc*@ RiFDsERg t%ﬁ)réla,ﬁgggy%&g the E‘ger; ?3?"’@8’(%‘8 from t he
group consi sting of "an- epoxy group, a nethacryloxy group, an acryloxy 17 25
August 2804 HcRBas at Ma: tw%rhd,id' bstithdind Bl seReted o0 @rdup cBnsiBtidgSofa)

i nteger froml to 12; and IS an integer from1l to 6, a condensati on

catalySbrad af?]dlim?ré?%}%% gﬁb&gl%%cfdrgggm%{gf&yﬂn 534S LiBe B0, AEONS!

an et he er - Sef&et ed
fromthe ro 1si-sting-of si.licone,resins, 5|I|ca magnesi um oxi de,

cl ay, diazfgfﬂ*?g’&"é aggpiqgﬂa@gpeqbgﬁ;( nate, finely ground quartz, and

| ayered silicates. 6. A process according to claim5 wherein Y is selected
fromthe gr oapAdaﬁ@ﬁs%nqcngil@ﬁ toselajmy bivhierein @ polybasic rerbexyicapidhiy ssledtedl kyl )
group, an am ne group, an ethyl enediamne -group, and a nethacryl oxy
group. TromAthp posugsmnsisting afi itagonio acidacitrictacid) suanimic tabie, ethylpnedianingteiracetic

sel ected fromthe group consisting of ganmma-an nopropyl trinethoxysil ane,

gl yci doxyigl apiibid 4did baexyetrhaimioxylte bélacleirhidysfuapMbiadarBdkiigexsd,| ane,

et hyI enedi am nepropyl tri nmet hoxysi |l ane, and
(3, 4. - cRetehtnRRERaEhobBLYINC doid, 4RE BERREAL tefiACarboxylic acid.

3. A process aéco_rding to cl;iim 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 m;)ﬁ(;m.e-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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process according to claim1l wherein prior to treating the substrate, the
acid is dissolved in a solvent selected fromthe group consissiqug: sfosan

al cohol, ether, ethyl acetate, water, and cycl ohexane. 9. A process
according to claim1 wherein subsequent to drying the |layer, the substrate
is treated with electron beamradiation, ultraviolet radiation, ganmma

r adi at igeoup, e¥ids candalVHEGH > gNdH; chfram 0 6 Bes iy athintepler froint § @IQL andl®is o
treated substrate prepared according to any of the processes defined in

cl ai .msirgté e'r"fro}r}% 166‘8; oxygen, car pon_ di oxi de, odor, and flavor gas barrier
coating nposition conprising: (i) an organic acid having at |east two
car boxyl.j.¢c..aci d oups, the organic acid being 18 25 August 2004 sel ected
fromthes grb‘E'BC‘E‘g{ﬁ‘F@Ppﬁﬁagﬁg a graft polymer having a backbone. sel ected
fromthe group consisting of hydroxyethylmethacrylate and pol yet hyl eni m ne
wi th ‘an unsaiarselveat selacisdfiom thegzoup epnsistngiof antadoobob an gthew by beri &
carboxylic acid selected fromthe group consisting of itaconic acid, citric
aci d,. sudotarben, and dateetany| enedi ami ne’ tetracetic acid, ascorbic acid,

but anet etracarboxylic acid, tetrahydrofuran tetracarboxylic acid,

cycl opent angy)taile 66daRYbh thesbh coft BFﬁH&nE?éﬁx%?ﬁli@EéFh&i&?bﬁde,a”d -
a polynmer or copol yner of an unsaturated carboxylic acid selected fromthe

9r U - ERDibA%koAl edr2 GBS caflih@C AR orolES G, find B Sucdhdti™ | ©,

acrylic,™ ryl'mc, sorbic, and cinn east ohe ot her
a conpound, of _the

conponent:~sel-ected from fhe grqup.consi s§.i.ng ,of i
for nul a Ra SR PeoKeen BEFFRVIR LAL S HDReIE 4 Selfeted éﬂn’%t%ﬁ{"tuﬁé"@%‘%lﬁlﬁ ofa

consisting of a hydrogen atom and a hydrocarbon group with 1 to 10 carbon
atons’ 'gl(ysgdm(y eraup, KBr(3.4seposyeysivaticybrarotn agrasipe soupi an sthyjersdiaming| koxy
group with 1 to 4 carbon atons, a hal ogen atom an oxine group, and an
acyl oxygrougy ands mthasrybayeodupd from t he group consi sting of 'an epoxy group,
a met hactyl oxy group, an
. . -4- A process according to claim 5 wherein the compound i) is selected from the group
consnstmg of gamma-aminopropyltrimethoxysilane, glycidoxypropyltrimethoxysilane,
methacryloxypropyltrimethoxysilane, emylenedianﬁnepmpyluimeﬂloxysiiane, and
(3,4-epoxycyclohexyl)ethyltrimethoxysilane.
HEeRSSg A process according to claim 1 wherein prior to treating the substrate, the acid is
'dissoll'i/cdl in a solvent selected from the group consisting of an alcohol, ether, ethyl acetate,
. water, and cyclohexane.
.~ 9. A process according to claim 1 wherein subsequent to drying the layer, the substrate is
i treated with electron beam radiaﬁon, ultraviolet 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 1-9.
11. An oxygen, carbon dioxide, odor, and flavor gas barrier coating composition

comprising:

(i) an organic acid having at least two carboxylic acid groups, the organic acid being
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aeryl oxy group, -NH2, and NH (CH2)bNH2; a is fromO to 3; bis from1l to 6;
and nis an integer from1l to 12; (iii) a condensation c%%%ﬁgtzdmv) a
sol vent selected fromthe group consisting of an al cohol, an ether, an
ester, a. hydrocarbon, and water; and (v) a filler sel ect ed fromthe group
consi Stl ng of silicone resins, silica, nmagnesium oxide, clay, diatonmaceous
earth, @aleekdﬁooaﬂlbmmemﬂﬁlsmvfground quartz, and |ayered silicates. 19

a graft polymer having a backbone selected from the group consisting of
hydroxyethylmethacrylote and .polyeﬂlylenimine with an unsaturated carboxylic acid grafted
" thereto; | |
a polybasic carboxylic acid selected from the group consisting of itaconic acid, citric
acid, succinic acid, ethylenedi_amine tetracetic acid, ascorbic acio, butanetetracarboxylic acid,
tetrahydrofuron tetracarpo;‘:y‘lic-aoid, c;cl'oper‘ltane tetracarboxylic acid, and benzene
tetracarboxylic acid; and - -
a polymer or copolymer of an unsaturated carboxyhc acid selected from the group
' consisting of itaconic, citraconic, mesaconic, maletc fumaric, acrylic, methacrylic, sorbic, and
cinnamic acid; |
.and at least one othe.r coroponent selected from the grouo consisting of:
(it) a compound of the formula: R;X3.,Si(CH2),Y
wherem each R is selected from the group cons:stmg of a hydrogen atom, and a hydrocarbon
group with 1 to 10 carbon atoms 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 from the group cons:stmg 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_condensaﬁoo catalyst;
() al solvent selected from the groop consiéﬁog of an alcohol, ‘an' ethe.r‘,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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