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The present invention zelatas to a coating composition
which is based on pely{vinyl alcakol) ("PVQH") and which
provides enkanced oxygen and flaveor/odor barrier
characteristics to a hvdrophobic polymeric substrate, such
as a packaging film.

Attampts have been made in the past to producs
ncluding PVQH for
use an hydrophobic polymeric substrates. For example, one

PVOE caorntalning coating is obtained by reacting BVOH with

pee

watarborne adhesive coating compesitions

isocyanate ar tlocked isocyanate tc form a coaring which is
adherant o polvolefins, buf z2lso contains residual,
1reac-ed toxic lsocvanates. As a result, such coating
canno- be used in food packaging applications.

Cer=ain pelyweric Zilms employed f3r the packaging cf
foods ‘nherently peraii the traaxsmission of oxygen from tha
a*mosphera to the Lnside cf The packaged f£ood. Oxygen
causes “ha spoilage cf packaged tood by oxidazion.

DPVOS coztings, have been applied to vasisus subsTrates
iz the pasz, and are known te provide a barrier To the
tranaxiszion of exygen. In certain applicatians, such as
cencdiments packaging, PVOE has been used to prevent th
flavar cf condizents from passing thirough the packaging.

In ct=her .apglications, PV0H containing polymeric films have
baen used =2 nrotect the packaged £cod contents against
acguisitcion cf odors T even cother f£lavors from the outside
the packaging.

Polyvinyl alcshols are polymexrs containing
(-CH,~CH0H~) gToups. They can be aprlied from water
solnsicna and ace in many respects attractive matarials for
use as oxvgen and flaver/edor barriexr coatings for
thermoplasiic polymer substrates. Iowever, ZVOH is soluble
in water aand, as a rasult, susceptible ko attack by
moisture. The POOr water resistance of PVCH restricts its
use as a barrier coating ta thcse 2aw applications in which
nearly ankydrous conditions prevail. Moisture may act tO

cause sc=aiaing ©T wear due To Ixiction, aa unplesasant feel
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to the touch and a dull appearance. It is also kaown that
oxvgen and flavor/odor permeabllity cof PVOH coatings
increasas in preportion to its moisture content.

A nuzber of mathods nave been khown for increasing the
water resistance o PYOH, but none provides entirely
satisfactcry Tesults. In spite of varicus heratofora
practiced methtods, PVOH still tends €o soften, swell and
lose adhering strength when exposed to water oz even
molsture vapor. When applied to bhydz-ophobic surfaces, such
as palyclefins, coatings ircluding PVOH do not acdhere well
and are no~ moisturs resistant. As a resuls, the palymeric
substraze surtace nust be cocatad with a primer coating
fizs= and chen covered with the PVOH containing csating.
Twus, The-a i3 not gresently available a single coating
csmpcsitién which actz as both a primer and a barrier. The
coatings kown ta date which are used tc lncreass ar
anfc=—ce barrier chazacieristics generally regquirs a primer
tas improve adhesfon or binding between the barriaer coating
and the Z2ilxm.

T+ has ncw been found that by drying a sclution of
PY0H and urea at temperaturas which allew PVOE ca react
wich utrea, primer csating compes=itions for hydrephchic
pclymer substrates can be gbtained which have heretofore
unknown oxygen basTier characteristics. During the droying
of the PVOH,/ursa ssluticn, the PVOE and urea heccme
crosslinked, and urethane linkages are formed at least with
the polymeric substrate. The resulting csatin
compositions are no longer watar scluble, adhare
tenaciously te hyd-ophebic polymeric suxfacss, preferably
polyolefins and have excellext oxygen and flavor/odor
barria- chaTacteristics.

Accordingly, the present inventlion rasides i cne
aspact in a2 hydrophobic polymer substTate comprisiag 2
meistu—e resistant coating having oxygen and flavor/edor

Ba=—jez characteristics, said coating comprising polyvinyl
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alcobol crosslinked with urea such that urethane linkages
are formed between the substrate and the coating.

In a further aspect, the invention resides in a method
of forming a moisture resistant coating having oxygen and
flavo—/odor barrier characteristics on a hydrophobic
polymer subs -ate comprising the staps of:

(1) providing 2 coating composition compriszing a
soluticn of polyvinyl alcohcl and urea on a
surface of said substrate;

(ii) drying said scluzion at a temperature sulficient
to allow polyvinyl alcohol to crosa-link with
u=ea theraby forming said moisture resistant
cozzing cn said substrate.

The coatling compositions cf the present invention when

applie2 to a suitable substrate, such as oriented

polypropylene, provide a combination of primer
cha-acteristics and izmproved barrier charactaristics which
have baen hithertc unavailable in a single ccating
component. Conseguently the adhesion, gloss and/or
durability of subsequently applied top coatings such 2s,
sor example, hea: saealable acrylic is improved.

mhae cozzing composizions of the prasent invention are
used mainly as trimers. The tarz "primer” as used in the
rresent invention means a coating applied to s substrate to
improve the adhesicn, gless and/cr duxability cf
subsequently appiied coating.

e cozting compesitions of the present invention are
prepared by éisseclving PVCE and uwrea in an isnic solvant,
preferably water. The solutisn thus obtained is appiied
onto a suitable substrate and then tThe coating is dried to
drive off the scivent &t temperatureg sufficient to allow
DVOHE te react with urea thereby forming ursthane linkages
with the substrata. A uselul tamperature Tange is 90 to
150-C (200 to JOO°F). The range cf 120 to 135°C (250 %o
275°F) is preferTed.
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The tarm “uretlane linkagea™ as used hersin refers to
ny functionality thaz has cne niirogen, carben, aydrogen
nd two oxygens forzed during crassliniking, whaezein the

alagants are mos: likaly linkad through cowalens bonding.
Ia the present invenzisn crasslinking occuss while the
PVCg/urea sclution i3 dried, uretlane linkages aza formed
not only betwaen PVCE and urae, buT alsc with molaculas cf
the substrate and/or the top coating. As a resuls, the
prizer of the present inventicn is no longer moisture
senaiziva and i3 also Tacky.

=2olyvinyl alcohel™ as used harein means a nermally

solle pelymazic zaterial, sclutle Lz wazer, bSut insoluble
in pos=t organic solveazs and charactarized by the s-esanca
gf (~CH,-CHCH-) unlils in Che pely=ar chain. e3a polymers
a-a cTdlnazily cregared By the ra2placement of +he ace=ate
graupe of polyvwinyl acetate wWith hydroxyl GTSUps as by
kydralysis cr alcohaolysis. The perzent of acataze groups
reglaced by hydraxyl gzougs 1S The degzae of hydsslysls of
the PVOH thus fomzed and indlcatez tThe parcent of avdroxyl
gTouss present in FY0E out of the tstal possisle bydraxyl
gooups. The crosslinking reaction kv which the superior
bSasTier ccatings of this inventian ara obtainad proceeds
through e hydToxyl gToups of PVCH. Therefors, Tha PVOH
use=ul in the present izvention should have a dagrze cf
hvd-slvsis £Tom 30% T3 995.6% hydrolyzed. A FVOE blend of
40% o §0% by weight SVOH whick is 99.5% hyd-olyzed and 20%
to 6% by waight PVOE which is 86% hydrolyzed,
ressectively, Is particulazly prefexred beczuse suci blend
providez superiaor resistance, clarcitTy, flexisilizy anad
adhering sTT2ngl. Most grelerred iz a2 FVOE bland of 99.5%

hvd==iyzed and 856% bvdrclyzed in Tatia of 6Q0:4¢,
respactively.

The FYCH exslcyed herein can be any commarcially

{

a
avallanle mazarial. For example, ITLVANOL 71~-30 or EIVANCL
949-33 aras E.I. dudcont graducts.
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The amount of urea useful in the present inventicn is
from 1 to 20 dry wt. %, with 5 to 15 @cy wt. % being
preferred and about 7 drzy wt. ¥ being most preferred.

Thae polymeric materlals contemplated as the substrata

the multilayer structure of tha presant iavent
inciude any criented or unoriented polymeric £ilm which
inherantly permits the transmission of oxvgen an
flavar/odars and wherein the utilizy of such film would
call far dacreasing the transmissicn of oxygen and
flavar/odacs. ILn most casas, tla source of the axygan
rafer—ad o herein is azmospheric oxygen. A particularly
preferred class of films aTre tha polyclsfins. Within the
polyclefin class, homopelymers and copolymers of grocylene,
low densizy polyethylene ("LDPE"), linear low density
polyettylane ("LIDPE") and high dansity polyethylene
("HDPE") are preferved. Particularly preferred are
isctaczic.polypropylenes ccntaining at least 80% by weight
of igozac=iz pelyprspylene

Tha prefarrad substrztae layar can alsc be coextruded
with a t=5in skin laver, amounting €3 from 2 to 12% of the
total taickness cf the substTate. The skin may be made of

a prseylene hamopelymer, a cSpclymer of propylene with
ancthar clefin, e.g., ethvlene aor butene-l, and a

tersoclymer af poleshylene-polybutene-polypropylene. The

other clefin which can be present in the copolymer is in an

amcuns of from 1 e 15 Wit %.

The polymeric substo te can be of any desired
thickness, although thicknesses will typically range 2ZTom
G.5 =5 z mils to ensure good machinabilicy on high-speed
packaging equipment. The oriented pclyrropylene ("OFE")
£ilm should preferably have a thickness cf 1.0 mil.

r- has baen found advantageous T3 traat the substrate
cr base léya: prior to recaiving the cxygen and mcistuse
bar-ier lavars. Such Treatment enhances the adhesion of
ather csacings, including that cf a primer,

>
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A preferred t-esatzent involves treating the surface ta
a surface tension level of 2t least 35 and preferably from
38 to 435 dynes/cm in accerdance with ASTM Standard D2578-
84. The treatment can be flade treatmenct, plasma
treatment, chemical trsatment or corona d.:.scha.:ge
treatment. Fliame r-eatzent and coarsna discharge treatxment
are preferred wiil csrona discharge Treatmant being
particularly preferred. These trealments are ktelleved to
increasa the cxygen species at the surface of the
pclyolefin substrate avallable for the formation cf
urechane linkages.

Arcer this treatdeat, the coating compositicns of th
cresext iaventicn may be apclied in-line afier the
polymeric substrate has beex stretched ia the machine
direc=fon (MD) but prior Tc orcientazisn inx the Transversa
direczion (TD). Thereafier, the coazing compesitioa is
dried by passing the film through Tenter ovens.

The coating composizions of the present invention may
also be apcllied to the polymeric substzate by using an off-
line grocess. 0IZ- ipe a.;:plica:io:". includes coazing in any
comvenienz and known manner, such as Jdipping, spraying,
brushing, zole csatiag, gravure coating, and the liks.

Iz ha.s been found That the coating compositicns of the

present **ver--an ara heat sealable whaen applied to a

-t

hyszophocic pcolymeTic substIzta in excess of 130
grams/inch. A film structure witk enntanced heat seal
cha-acteristics may be used f3r the Iinside surface of
packaging f£il=zs.

~mer mazerials may Ze added direcily to tha agqueous
soluticn cf PVOH and urea in ordexr T realize special
advancages in additisn &3 excellent oxygen sarwier
charactaristics. Teo improve the hot slip charactaristics
of =—he csa=ing, additioral crosslinkers can be addad
directly to the aguedus solution oL urea and PVOH. FaoT
examcle, maelazine formaldehyde, ureaz Zormaldebyde resin,
mecthylated melaxzine .a":la-d.e..vde may De added to the
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coating compcaition ol tle inventier in the presance of
sulruric acid as the crosslinker catalyst. By adding
additional crosslinkers the moistire sensitivity of BVOER is
further recuced.

Etaylene acrvliic acid copolymer ("ZAA") may be added
in an amount from 1 to 20 wT.¥, praferally 5 ot 15 wt.i, of
the coating composition tc improve the coaefficient of
friction of the cosating. The resulting r£ilm has excallent
slip characteristics and iz can be wound up efficiently on
packaging machinery.

™a addition cf ZTAA in excess of 20 wt. ¥ results in
a reductisn ¢f the heat saalable chargacteristics of ¢
£film. To render the film structure cf the gresent
inventian heat sealahle a coating of acrvlic acid, commonly
called acoylic, amorphous PVAC, o EAA/acryllc blends,
extrusion applied terpolymers, cast polypropylene or cast
polyethylene may be applied aver the adhesive ccating
cemposition of the present invention.

Tn ansther embodiment cf the grasant inventlon, the
polvmeric substrate includes 2 skin on both surfaces. In
ye: another embodiment the coating composition cf t
present inventzian is applled onTo baidh surlaces of the
subg-—zte. A layer of acrylic may alsgo be applied on both
su~?aces s¢ the primer ccated polymeric substrate.

Thae iavention will nov be mora particularly described
with referance tc the Examples.

EXANPLE %

A kcomopolymer pelyprorylene cors layer was coextruded
with skin iayers ¢f an e*&yle.e-n:c:v-ene random copelymer.
The randem copolymer contained appr zely 3-5% by weight
of ethylene. The extruded film was “Laz-alTv criented to
4-5 =imes machine dirsction and 7-10 times transverse
di-eczicn ©a vield 2 film having 2 =hiickness of
approxizazely 1 mil. The thicknhess of the skin layers was
apcroxizately 12% of the fila. The skin lavers were

‘r_
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approximataly of equal chickness. This Zilm combination
was carsna discharge trzated in accordance with commonly
emplcyed prlor art techniques to produce a surface with a
wetting tansion of about 42 dynes/cm. The treated Iilm was
coated on Jboth sides with a primexr cempcsiticn composed af
a 0.1% agqueous solusion of FVOH and urea. The solution
contained 91 wc. % cf a blend of 99.6% hydrolized FVOH and
86t hydrolyzed PVOH in a vatic o 60:40, Tespectively, and
7 w=. % urea. The resulting coated film was then dried at
temperaturas batween 30°C and 156°C.

The drisd £ilm waTe then Tasted in an oxygen-
perpeability device in which a strea:s of dry oxvgen is
passed through an agueous salt salution-permea-ad pad o
control the gas moisTura conzent and then through tha
films, disposed at right angles &3 the stTeam wizh the
crosalinked PVOH coating upstream. The cxygen ~»snsmitted
was de-ermined and the amount af oxvgen passed per unit

rea gf film per tize period was calculazed.

Similar tests were conducted cn a similar Zilm with an
ac—ylic top coat provided on the PVOE/ursa primer and on 2
£ilm wizk a polyethyleneirine (PEI} primer and an acrylic
top cosat. The results 2re giver in Tahle 1, which stows
that the Film with the PEI grimer and acxrylic tep coat
stowed a high oxygan s-ansuissian rate due to poor oxygen
barriar properties. The oxygan transmission rata was
significantly decraased by the use oI a coeting of PVOE

-

crcsalinked with urxea.
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TABLE 1
TILN royt COATING THICKNRSS OF' ; , ‘
B8TRUCTURE TRICRNEAS COHPORTTION BARRIER LAYER TQ,- 19, HEAT _QEAL
Coated 1.00 " Primer: PEI 0.04 150 150 600
5 Top Coat: Acrylic

Coated 1.00 Primer: PVON/uraa 0,04 0.86 2.1 jo0
Substrate Top Coat: None

Coatad 1,00 Primer: PVOHi/urea 0.08 0.86 2,1 450

10 Substrate

Top Coat: Acrylic

1. The thickness 1ls measured in mil,

2. Average oxygen transmisslon rate measured in cc/100 in?/24

hr., at 75'F, 0% RI.

15 3. Average oxygen transmission rate measured in cc/100 in?/24 nr. at 75°'P, 75% RI,

4. lleat seal is wmeasured in grama/in,

I
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CLAIMS

A hy%FcphobiC pelymer subgtrate comprising a moisture
resistant coating having oxygen and flaver/odor
barriar charactaristics, said coating comprising
polyvinvl alcchal crosslinked with ursa such that

urstiane lirkages are formed between the substrake and
the coating.

A polvmer substirata as claimed in Clain 1, wherain the
substrate is a polyclefin f£ilm.

A polymer substrate as claimed in Claim 2, wherein
said polyclefin is selected from paolyprepylene, low
density polyethylene, linear low den 1Sity polyeth thvlene,
and high density palyetikylene,

A polymer substrate as claimed in Claim 2 or Clainm 3,
wherein said £ilz includes a coextruded skin on at
least one side thereof.

A polymer substrate as claimed in Claim 4, whewvein
sald coextruded skin is selectad frem a C, - C,
homcpolymer, propylene~ethylene copolymer, and
pclyethylene—-polybutene-pclypropylene terpeolymer.

A method of forxing a moisture rasist=an= coating
having oxygen and flavos/odor bazrier charactaristics
on a hydzepheckic poclymer substrate comprising the
steps cf:

(1) providing 2 ccating compesition comprising a
solution of polyvinyl alcohel and uraa cn a
surface cf said substraze:

(ii) ¢rying said soluticn at a temperature sufficient
to allow polyviav: alcshaol to Croag-link with
urea thereby forming said moisture rasistant
coaszing on said suhstra=ga.

_—
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A methcd as claimed in Claim 6§, wherain said soluticn
is agueous.

A method as claimed in Claim 6 or Clainm 7, wherein
said substrata is a polyoclefin film

A method as claized in Claim 8, wherein said surface
of the substrate is subjected to flame or corona
treatment prior ta stap (i).

A metiod as claimed in any one ¢f Claims § to 9,
wharein said solution furthar comprises ethylene
acrylic acid cocpolvmer.
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