PVOH BASED COATI NG COWPGCSI Tl ON The present invention relat eg‘g’éoao A3-%

coating conposition which is based on poly(vinyl alcohol) (" PVO—T\)"C&%MM
whi ch provi des enhanced oxygen and flavor/odor barrier characteristics to a
hydr ophobi ¢ pol yneric substrate, such as a packaging film Attenpts
have been nmade in the past to produce waterborne adhesive coating
conpositions including PVOH for use on hydrophobi c pol yneric substrates.

For exanple, one PVOH containing coating igs- obtained by reacting PVOH with

I socyanate or bl ocked isocyanate to forma coating which is

-BASZD COATING QOMPOgIT

The present invention zelatas to a coating composition
which is based on pely{vinyl alcokol) ("PVQH") and which
provides enkanced oxygen and flaveor/odor barrier

S characreristics to 2 hydrophobic polymeric substrate, such
as a packaging film.

Attampts have been made in the past to producs
watarborne adhesive coating compesitions including PVOH for
use on hydrophobic polymeric substrates. For axample, one

10 PVOE caorntalning coating is obtained by reacting BVOH with
isocyanate or tlocked isocyanate tc £orm a coating which is
adharent To polvolefins, but a2lss contains residual,
u-eacted toxic Lsocvanates. As a result, such coating
cannot be used in food packaging applications.

5 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 <na speilage cf packaged food by cxidation,

DPVOS coztings, have been applied to vasisus subsTrates

20 iz the pas=, and are known fe provide a barrier To the
transzis=zion of axvgen. In certain applicztians, such as
cencdiments packaging, PVOE has been used to prevent th
flavor cf condimzents £rom passing thirough the packaging.

In cither .apglicazfions, PV0H containing polymeric films have

25 baen used =2 nrotect the packaged £cod contents against

isicion cf odors ¢ even aother £lavors frcm the outside

the packaging.
Polyvinyl alcshols are polymexrs containing
(-CH,~CH0H~) gToups. They can be aprlied from water
30 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
mois=ure. The POOr water resistance of PVCH restricts its
35 use as a barrier coating ta thcse 2aw applications in which
nearly ankydrous conditions prevail. Moisture may act tO
cause staining ©F wear due to friction, aa unpleasant feel

e
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adherent to polyolefins, but also contains residual, ureacted toxic

i socyadates. As a result, such coating cannot be used in food packagi ng
appl i cati ons. Certain polyneric filnms enployed for the packagi ng of
foods inherently permt the transm ssion of oxygen fromthe atnosphere to
the inside of the packaged food. Oxygen causes the spoil age of packaged
food by oxidation. PVCH coati ngs, have been applied to various
substrates in the past, and are known to pyovide a barrier to the

transm ssion of oxygen. In certain applications, such as condi nents
packagi ng, PVOH has been used to prevent the flavor of condinents from
passi ng through the packaging. In other applications, PVOH containing

polymeric filnms Rave, been Mseds t0aRI10h8Esatdepackaged shegdrRat &S
agai nst acquisition of odors or_ even qther fl.ayors t he. out si de the
packagi ng. SEFGR A AL RGP RPE ol yard cont Al hi g t2IaH er r] - CHOH )
groups. They can ibereppis dd PFRATREIECOsHIUTCIATERE EA"ESRA- many respect s
attractive materi al s { gluzitee &S maxygEnhavel Heeavinsesofztbanetasifpadnengs for
thermopl asti G polyupy SHNSLLALES: FRUEVSE: RYEHpES sMdIRhesrery
satisfactcry Tesults. In spite of varicus heratofora
practiced methods, PVOH still tends to soften, swell and
lose adhering strength when exposed to water oz even
molsture vapor. When applied to bhydz-ophobic surfaces, such
10 as palyclefins, coatings ircluding PVOH do not acdhere well
and a-e not moistiyre resistant. As a resuls, the palymeric
subs=raze surtace zmucst be cocataed with a primer coating
€izse and -—hen covered with the PVOE contaliaing csating.
Twus, The-a i3 not gresently available a single coating
15 csmpcsiti;}n which actz as both a primer and a barxier., The
coatings kown ta date which are used tc lncreass ar
anfc=—ce barrier chazacieristics generally regquirs a primer
ts improve adhesion or binding between the barriar coating
and the Z2ilxm.
20 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
2s of the PVOH,/ursa ssluticn, the PVOE and urea heccme
crosslinkecd, and urethane linkages are formed at least with
rhe polymeric substrate. The resulting csatin
compesiticns ars no longar watar soluble, adhere
tenaciously te hyd-ophebic pelymeric surfacass, preferably
30 polyolesins and have excelleat oxygen and flavoxr/ador
barriaz chaTactaeristics.
Accsrdiagly, the present inventlion resides iz one
aspect in 2 hydrophobic pelymer subs=TTate comprising 2
meistu—e resistant coating having oxygen and flavor/edor
15 Ba=—jez characteristics, said coating comprising polyvinyl

%
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I n mater and, as a result, susceptible to attack by nvisture. The poor
water resistance of PVOH restricts its use as a barrier coating to those

few applications in which nearly anhydrous conditions prevail. Misture nmay
act to cause staining or wear due to friction, an unpleasant feel
3 0 JAN 1997 - 2- to the touch and a dul

appearance. It is also known that oxygen and flavor/odor perneability of
PVOH coati ngs

-3

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

5 £lavor/odor barrier characteristics on a hydrophobic
pclymer s&bs::ate comprising the steaps of:

(1) providing 2 coating composition compriszing a

soluticn of polyvinyl alcohcl and urea on a
surface of said substrate;

10 (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

is appliez to a suitable substrate, suchk as coriented

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

20 durability of subsequently applied top coatings such 2s,

sor example, hea: saealable acrylic is improved.

mhae cozzing composizions of the prasent invention are
used m=ainly as primers. The tarz= "primer"” as used in the
rresent invention means a coating applied to s substrate to

2s improve the adhesicn, gless and/cr Qurability of 2

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

30 onto a suitable substrate and then tThe coating is dried to

drive off the scivent &t temperatureg sufficient to allow
PVOH to react with urea theredy forming urethane linkages
with the substrata. A useful temperature range is 90 to
150°¢ (200 to Jog*F)j. The range cf 120 to 135°C (250 to
35 275°F) is preferTed.
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i ncreasgs in proportlon to its noisture content. A nunber of nethods
have been known for increasi ng the water resistance of PVOH, but none
provides entirely satisfactory results. In spite of various heretofore
practiced methods, PVOH still tends to soften, swell and | ose adhering
strength when exposed to water or even noi sture vapor. Wen applied to
hydr ophobi ¢ surfaces, such as polyol efins, coatings including PVOH do not
adhere well and are not noisture resistant. As a result, the polyneric
substrate surface nmust be coated with a priser coating first and then
covered with the PVOH containing coating. Thus, there is not presently
avail able a single coating conposition which acts as both a prinmer and a
barrier. The coatings known to date which are used to increase or enforce
barrier characteristicsigeneral~eyztogei EiRgse nes taed hproike —adhﬂsiton or
]{)I ndh nghbet \Qleeg tha,-»pafycler' i ol n@-ansa; henef bltBraogen, chindlas npews,

ound that by dryin sol utlo L ! emi)eratures

all ow PVOH to react g‘\?\n %J} M ne%@g%%—{l% o g%ﬁ%o@%‘tﬁéns 67 h% ophob| C
pol ymer substrates °é8m°'bé= éﬁfd‘i"ﬁédlwﬁr‘?ﬁ-e‘fh“'h ‘i?g FRFefdt Greslens bonding.

S  Ia the present invanzisn crasslinking occuss while the
PVCE/uzea sclution is cdried, urethane 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

10 senaiziva and 13 alsc Tacky.

=2olyvinyl alcohel™ as used harein means a nermally

solle pelymazic zaterial, sclutle Lz wazer, bSut insoluble

in post organic solvenzs and charactarized by the tresance
gf (~CH,-CTHGCHE-) unlls in Che pely=ar chain. Thesa polymers
1s azae grdlnazily creparscd By the replacesment o the acetate

gTaupe of pelyvinyl acetate wita hydroxyl gooups as by
kydralysis cr alcohaolysis. The perzent of acataze groups
renlaced by hydroxyl gzouss LS the degose of hydsslyslis af
the ?VOE thus forzed and indlilcates The percent of avdroxyl

2q gTouss present in FY0HE out of thae tgTal possiisle bydzaxyl
gooups. The crosslinking reaction kv which the superior
bSasTier ccatings of this inventian ara obtainad proceeds
through e hydToxyl groups of PVCH.  Therafeoras, The PVOH
use<:i in the present invention should have a degree cf

2s hyd-=lysis 27om 80% T2 §9.6% hydrolyzed. A IVOE blend of
40% o 603 by weight TVOE whick is 92.5% hyd-olyced and 20%
ta 6C% '.:'r waighs PVOE whizh is 86% hydralyzed,

espec=ively, Ls paTticularly prefez—ed baczuse such Slend

providez superiaor resistance, clarcitTy, flexisilizy anad
aa adhering stT2agth. Most preferred is a2 PVOE kbland of 99.58%

hvdrslyzed and 35% hydrclyzed iz a xTatis of §0:48,
Taspectively.
The FYCH exmclcyed herein can be any commarciall
avallanle mazazial. For exaxmple, TLVANOL T7i~32Q or =
35  90-33 are E.I. dulent praducts.
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unknown oxygen barrier characteristics.
sol ut ikon,
formed at

flavor/o

barri er

t he PVOH and urea becone crosslinked,
| east with the polymeric substrate. The resulting coating
conpositions are no | onger water soluble,
pol ymeric surfaces,

dor barrier characteristics. Accordingly, the present

i nvention resides in one aspect in a hydrophobic pol yner substrate

conprising a noisture resistant coating hay;pg oxygen and fl avor/ odor
characteristics, said coating conprising polyvinyl

10

15

20

25

30

3s

The amount of urea useful in the present inventicn is
from 1 to 20 dzy wk. §, with 5 to 15 &xy wt. % being
preferred and about 7 drzy wt. ¥ being most prefarred.

The polymeric materiais contemplated as tha substrata

£ +he multilayer structure of thae presant iavention
inciude any criented or unoriented polymeric £ilm which
inherantly pe-mits the transmission of oxvgen an
flavar/odars and wherein the utilizy of such film would
call far dacreasing the transmissicn of oxygen and
flavor/odars. In most casas, tha source of the axygen
rafer—ad o herein is azmospheric oxygen. A particularly
preferTted class of fllms a<e tha polyolafins. Within the
polyolefin class, homopclymers and copolymers of progylene,
low densizy polyethy.ene ("LDPEZ"), linear low density
polyettylane ("LIDPE") and high dansity polyethylene
("HDPE") are preferved. Particularly preferred are
isctaczic.polypropylenes ccntaining at least 80% by weight
of isortac=ic pelypropylene.

Tha prefarrad substrztae layar can alsc be coextruded
with a =sin skin laver, amounting ta from 2 to 12% of the
total taickness cf the substTate. The skin may be made of
a propylene homopelymer, a copolymer aof propylene Wit
ancthar clefin, e.g., ethvlene aor butene-l, and a
terpolymer af pole=iyl ene-polybutene-polypropviene. 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
0.5 =5 2z mils to easure good machinabilicy on high—-speed
packaging equipment. The orieated pelyrzopylene ("CF2")

ilm should preferably have a thickness of 1.0 mil.

It has baen found advantageous Ta traat the substrate
o base ’«’-Ya- grior to recaiving tlie cxygen and mcistule
bar-ier lavars. Such Treatment enhances the adhesion of
ather csatings, including that ef a primer,

During the drying of the PVOH urea
and uret hane |inkages are

adhere tenaciously to hydrophobic
preferably polyol efins and have excel |l ent oxygen and
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al cohol crosslinked with urea such that urethane |inkages are forned

between the substrate and the coati ng. In a further aspect, the
i nvention resides in a nmethod of form ng a noisture resistant coating
havi ng oxygen and fl avor/odor barrier characteristics on a hydrophobic

pol ynmer substrate conprising the steps of: (i) providing a coating
conposition conprising a . sol ution of polyvinyl alcohol and urea
on a surface of said substrate; (ii) drying said solution
at a tenperature sufficient to_gll ow pol yvinyl al cohol to
cross-link with urea thereby form ng said noisture resistant
coating on said substrate. The coating conpositions of the present

i nventi on when applied to a suitable substrate, such as oriented
pol ypropyl ene, provi guepgefé}'idéjin@:teiagge:&f iRtéTMs treating the surface ta
a surface tension level of 2t least 35 and preferably from
38 to 435 dynes/c in accerdance with ASTM Standaxd D2578-
84. The treatment can be flade treatmenct, plasma
s treatment, chemical trszaiment or corona discharzge
treatment. Flame r-eatzent and corena discharge treatxment
are preferred wiil csrona discharge Treatmant being
particularxly preferred. These trealments are ktelleved to
increass the cxygen species at the surface of the
10 pclvolefin subst=ate available for the formation cf
urezane linkages.
semar this treatjeat, he coating compositions of the
cresext iaventicn may be apclied in~-line after the
polymeric substrate has beex stretched ia the machine
15 direc=fon (MD) but prior Tc orcientazisn inx the Transversa
ireczion (TD). Thereafier, the coazing composition is
Qried by passing he film through tenter ovens.
The coating composizions of the present invention may
also be apglied to the polymeric substrate by using an off~
20 line process. Off-line agplicatifon includes coating ia any
canvenien= and known manner, such as dipping, spgraying,
brushing, zole csatiag, gravure coating, and the liks.
1= has been fcound Tnat the coating compositicns of the
present :‘.:w"er::*.cn ara heat sealable when appli to a
25 hy2rophokic pclymeTic substrate in excess of 130
grams/inch. A film stTucture with enrtanced heat seal
cha-acteristics may be used f3r the Iinside surface of
packaging f£ilzs,
~mer mazerials may Ze added direcily to tha agqueous
30 soluticn cf PVOH and urea in ordexr T realize special
advancages In additisn o excellent oxygen barrier
charactaristics. Teo improve the hot slip charactaristics
of =—he csa=ing, additioral crosslinkers can be addad
directly to the aquecus sclution of urea and PVQH. For
35 examzle, malazmine formaldehyde, urea Zormaldebyde resin,
met..';rla:ed melaxine Iarmaldelyde may De added to the
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characteristics and i nproved barrier characteristics which have been
hitherto unavailable in a single coating conponent. Consequently the

adhesi on, gloss and/or durability of subsequently applied top coatings such
as, for exanple, heat sealable acrylic is inproved. The coating
conpositions of the present invention are used nmainly as priners. The term
"primer" as used in the present invention neans a coating applied to a
substrate to i nprove the adhesion, gloss and/or durability of a
subsequent |y applied coati ng. The coalTng conpositions of the present

i nvention are prepared by dissolving PVOH and urea in an ionic solvent,
preferably water. The solution thus obtained is applied onto a suitable
substrate and then the coating js dried {o driye off.the solvent at
tenper at ures suf fFRT TBFRPI oW PYOT Yo T eact Wi th Urea thereby form ng
ur et hane | i nkagessuditahic reiupstitat €50sA UL FRAPET atRfr 83¢¥ge is 90 to
150[ err] C (200 t cad¥i@f &n4) Erosdhiekeangaeobo 2@ o483 WML T (2 500K ais
275[err]F) i's prefghigd resucar.

s Etaylene acTylic acid copolymer (“"ZAA") may be added

in an amount from 1 to 20 wt.¥, prefarazly 5 ot 15 wt.t, of
the coating composition to improve the coafficient of
friction of the cosating. The resulting r£ilm has excallent
slip characteristics and iz can be wound up effliciently on
10 packaging machinery.
mhag addition cf ZAA ia excess of 20 wt. § results in
a reduction ¢f the heat saazlable characteristics of the
£film. To render the film structure cf the gresent
imventisn heat sealable a cazating of acrylic aclid, commonly
15 callad acrylic, amorphous PVAC, or ZAM/acryllc blends,
extrusion applied terpolymers, cas: polypropylene or cast
polyethylene may be applied aver the adhesive ccating
cempoai-ior of the present invention.
Tn ancther embodiment of the gresent inventlon, the
20 polymeric substTrate includes 2 skin on both surfaces. In
yet ancthar embodiment the coating compesition cf the
present inventzian is applled onTo baidh surlaces of the
subgc-zte. A& layer of acrylic may also be applied on both
sur?aces o “he primer ccated polymeric substrate.
25 The iavention will now be mors particularly described

- -

with referance Sc the Exampies.

EXANTLE X
A homopolymer pelypropvlene cors layer was coextruded

with skin iaye:s af an ethylene-propyvlene random copelymer.
30 The randem copolymer contaired approximatzely 3-5% by weight

of ethylene. The extruded film was bBiaxially crientad to

4-5 times machine dirscticn and 7-10 times transverse

di-eczicn ©a vield 2 film having 2 =hiickness of

approximazely 1 mil. The thickness of the skin layers was
315  apgroxisataly 12% of the fila. The skin layers were

.
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-4- The term "urethane |inkages" as used herein refers to any
functionality that has one nitrogen, carbon, hydrogen and two oxygens
formed during crosslinking, wherein the elenents are nost |ikely |inked

t hrough coval ent bonding. In the present invention crosslinking occurs
while the PVOH urea solution is dried, urethane |inkages are fornmed not
only between PVOH and urea, but also with nol ecul es of the substrate and/or

the top coating. As a result, the priner of the present invention is no
| onger noisture

approximataly of equal chickness. This Zilm combination
was corona discharge trzated in accordance with commonly
emplcyed prlor art techniques to produce a surface with a
watting tansion cf about 42 dynes/cm. The treated =ilm was
S coated on Jboth sides with a primexr cempcsiticn composed af
a 0.1% agqueous solution cf FVOE 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
190 temperaturas between 30°C and 150°C.

The drisd £ilm waTe then Tasted in an oxygen-
perpeability device in w ich a stream o0f d&ry oxygen is
passed through an agueous salt salution-permea-ad pad o
control the 3as moisTura conzent and then through tha

1s £films, disposed at right angles L3 the sTtTean with the
crossalinked PVOH coating upstreanm. The cxygen transmitted
was de-ermined and the amount af oxvgen passed per unit
area of film per tine period was calculated.

Similar tests were conducted cn a similar Zilm with an

2q ac-ylic top coat provided on the PVOH/uxsa primer and on 2
£ilm wizk a polyethiyleneimine (PEI) primer and an acrylic
top coat. The resulls zTe giver in Tahle 1, which stows
that the Film with the PEI grimer and acxrylic tep coat
stowed a high oxygan sransalssion rate due to poor oxygen

25 barriar properties. The oxygan transmission rata was
significantly decraased by the use o0f a coating cf PVOE

crcsalinked with urxea.
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sensitive and is al so tacky. "Pol yvinyl al cohol™ as used herein neans
a normafly solid polynmeric material, soluble in water, but insoluble in
nost organi ¢ sol vents and characteri zed by the presence of (-CH2-CHOH)
units in the polynmer chain. These polyners are ordinarily prepared by the
repl acenent of the acetate groups of polyvinyl acetate with hydroxyl groups
as by hydrolysis or al coholysis. The perceg} of acetate groups replaced by
hydroxyl groups is the degree of hydrolysis of the PVOH thus forned and

i ndi cates the percent of hydroxyl groups present in PVOH out of the total
possi bl e hydroxyl groups, The crossllnklng reacti on by which the superior
barrier coatings of thi&invention are obt ai ned proceeds through the

hydr oxyl groups of PW Tgeref=re:ntheaPVCH useful in the present

i nvention shoul d have a egree “of hydroin|s from80%to 99. 6% hydrol yzed.
A PVOH bl end of 40%to &0% by wei ght PVtH which is 99.6% hydrolyzed and 20%
to 60% by wei ght PVOH which is 86@6hydro|yzed,zﬁespectlvely i's
particularly preferred because such blend pr8vfdes superior resistance,
clarity, flexibility amd adherlng §¥rength Abﬁt preferred is a PVCOH bl end
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hydrol yzed and 86% hydrolyzed in a ratio of 60:40, respectively. The
PVOH enpl oyed herein can be any commercially available material. For
exanpl e, ELVANOL 71-30 or ELVANCL 90-30 are E.l. duPont products.

The anmpunt of urea useful Tn the present invention is

KA R T

-10-

CLAIXE
1. A hyd—cphobic polymer substrate comprising a moisture
res(g,ant coating having oxygen and flaver/odor
barriar charactaristics, said coating comprising
5 polyvinvl alcchal crosslinked with ursa such that
urstiane lirkages are formed between the substrake and
the coating.

2. A polvmer subsirate as claimed in Claim 1, whersin the
susstrzte is a polvolefin f£ilm.

10 3. A polymer substate as claimed in Claimz 2, wherein
said polyclefin is selected from paolyprepylene, low
cdensity polyethylene, linear low density polyethylene,
and high density palyetikylene,

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

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

6. A mathod of forming a moisture resistanc coating
having oxygen and flavos/odor bazrier charactaristics
on a hydzepheckic poclymer substrate comprising the
steps cf:

25 (1) providing a coating composition 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 Croas-link with

3a urea therety forming said moisszre rasig-ant
coaszing on said suhstra=ga.

_—
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fromlto 20 dry wt. % with 5 to 15 dry w. % being preferred and about 7
dry - wt." % bei ng nost preferred. The polyneric materials contenpl ated

as the substrate of e multilayer structure of the present invention

i nclude any oriente d polyneric filmwhich inherently permts

t he transm ssion of Mgg orfodors and wherein the utility of such
€

filmwould call for ?I} ransm ssi on of oxygen and fl avor/ odors.
I n nost cases, the source of*t ygen referred to herein is atnospheric
oxygen. A particularly preferred class of filns are the polyolefins. Wthin
t he pol yol efin class, honopol yners and copdhRyners of propyl ene, |ow density
pol yet hyl ene ("LDPE"), linear |ow density polyethylene ("LLDPE") and hi gh
density pol yethyl ene ("HDPE") are pref erred. Particularly preferred are

i sotactic polypropyle Q east, ;8026 ight of isotactic
pol ypropyl ene. rk?%ﬁ%’ e?drge %gt %"%.t eal‘?\ %’fr‘r“&f‘sﬁa“b’e spdebdcruded

with a thin skin Iayeria ERBEMIng to from2 to 12%of the total thickness
of the substrate. The skin nay be nade of a propyl ene honopol yner, a

copol ymer of propylene Wethod as claimed in Claim 6 or clainm 7, wherein
said substrata is a polyoclefin film

L} 9. A method as claized in Claim 8, wherein said surfaca
of the substrate i{s subjected tc flame or corona
treatment prior ta stap (i).

10. A metiod as claimed in any one of Claims 6 to 9
s
wharein said solution furthar comprises ethylene
10 acrylic acid copolymer.
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another olefin, e.g., ethylene or butene-1, and a terpol yner of

pol et hyl ene- polybutene pol ypropyl ene. The other ol efin which can be present
in the copolyner is in an amount of from1l to 15 wt % The pol yneric
substrate can be of any desired thickness, although thicknesses wll
typically range from0.5 to 2 mls to ensure good nmachinability on

hi gh- speed packagi ng equi pnent. The oriented pol ypropylene ("OPP") film
shoul d preferably have a thickness of 1.0 m|. It has been found
advant ageous to treat the substrate or base |layer prior to receiving the
oxygen and noi sture barrier layers. Such treatnent enhances the adhesion of

other coatings, including that of a priner.,,_ p

K

PYOH-BASED COATING COMPCSITION
ARSTRACT
Coating compositlons which have improved oxygen and
flavor/odor barrier characteristics are disclosed. The
5 coating gompositions are obtained Sy coating a hydrophobic:
polymeric substrate, such as a poclyclafia film, with an -
agueous scluticn of polyvinyl alcobol and urea and drying
the cocating at a temperalfure sufficient +tg allow the
polyvinyl alcohol and urea ta crosslink such that uraénane
1o linkages are formed at least baetween the polymeric
substrate and the ccating composition.

R

cen Replaced
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A preferred treatment involves treating the surface to a suff DT

| evel .of” at least 35 and preferably from 38 to 45 dynes/cm'%ggmgﬁmesmfﬁ
wi th ASTM St andard D2578- 84. The treatnent can be fl ane trba1nent pl asma
treatment, chem cal treatnment or corona discharge treatnent o qr(? 1AN 1997

treatment and corona di scharge treatnent-1-are preferred withjce
di scharge treatment being particularly preferred. These treatfemts—are

believed to increase the oxyoen speC|es at the surface of the polyolefin
substrate available for PYQHBASED, COATING ;COMPQS ‘ After

this treatnent, the coatin 75|f|ons of tﬁ preéeh invention,
applied in-line aFPerPToEe BI§$§§ o falates 8éab88ﬁ¥§P9eF8H885?ﬁB¥ﬂe
machi ne direghieR 18DHabed o i poly Orimylenilaohod )i (("PNORN) aradewhich

provides enhanced oxygen and flavor/odor barrier
characteristics to a hydrophobic polymeric substrate, such

as a packaging film.

Attempts have been made in the past to produce
waterborne adhesive coating compositions including PVOR for
use on hydrophobic polymeric substrates. For example, one
PVOH containing coating is obtained by reacting PVOH with
isocyanate or blocked isocyanate to form a coating which is
adherent to polyolefins, but also contains residual,
ureacted toxic isocyanates. As a result, such coating
cannot be used in food packaging applications.

Certain polymeric films employed for the packaging of
foods inherently permit the transmission of oxygen from the
atmosphere to the inside of the packaged food. Oxygen
causes the spoilage of packaged food by oxidation.

PVOH coatings, have been applied to various substrates
in the past, and are known to §rovide a barrier to the
transmission of oxygen. In certain applications, such as
condiments packaging, PVOH has been used to prevent the
flavor of condiments from passing through the packaging.

In other applications, PVOH containing polymeric films have
been used to protect the packaged food contents against
acquisition of odors or even other flavors from the outside
the packaging.

Polyvinyl alcohols are polymers containing
(~CH,-CHOH-) groups. They can be applied from water
solution and are in many respects attractive materials for
use as oxygen and flavor/odor barrier coatings for
thermoplastic polymer substrates. However, PVOH is soluble
in water and, as a result, susceptible to attack by
moisture. The poor water resistance of PVOH restricts its
use as a barrier coating to those few applications in which
nearly anhydrous conditions prevail. Moisture may act to
cause staining or wear due to friction, an unpleasant feel

08-gEP-4907



direction (TD). Thereafter, the coating conposition is dried hy _passing the
filmthr'ough tenter ovens. The coating conpositions of 55 e oK

i nvention may al so be applied to the polyneric substrate by
i ne process. O f-line application includes coating in any cc
known manner, such as di pping, spraying, brushing, role coati
coating, and the |ike. It has been found that the coatin
of the present invention are heat seal abl®%hen applied to a

iyl

g conposi tions

hydr ophobi c

e W-th

pol yneric substrate in excess of 190 grams/inch. A film strud
enhanced heat seal characteristics may be used for the inside
packagi ng fil ns. O her materials nmay be added directly t

surface of
o the aqueous

sol ution of PY%oHthedtomel amdoacﬁull(nppzﬂﬂaneespeataﬁsadnsbtageﬁniﬁhat

ove the hot

Sldld:oticﬁgr ;gt gzrslﬁg%{aggé% X%%g%%& ng, c%%r |ona S%Ir O?vPI nk:i?ggg'ggﬁ be added

directly to t ABCEGaE®® iR PXEPOrtidn thed tehobeturerconteatyp|

e, mel am ne

formal dehyde, ureaafgabéHeby dfetifsdd) halil Beedt RAoWR! 2BENSntpbaRIAGHYHE MY

be added to the

ater resistance of PVOH, but none provides entirely

satisfactory results. In spite of various hereto

fore

practiced methods, PVOH still tends to soften, swell and
lose adhering strength when exposed to water or even

moisture vapor. When applied to hydrophobic surfaces, such
as polyolefins, coatings including PVOH do not adhere well

and are not moisture resistant. As a result, the

polymeric

substrate surface must be coated with a primer coating

first and then covered with the PVOH containing coating.

Thus, there is not presently available a single coating

composition which acts as both a primer and a barrier. The

coatings known to date which are used to increase
enforce barrier characteristics generally require

or
a primer

to improve adhesion or binding between the barrier coating

and the film.

It has now been found that by drying a solution of
PVOH and urea at temperatures which allow PVOH to react
with urea, primer coating compositions for hydrophobic

polymer substrates can be obtained which have heretofore

unknown oxygen barrier characteristics. During the drying
of the PVOH/urea solution, the PVOH and urea become
crosslinked, and urethane linkages are formed at least with

the polymeric substrate. The resulting coating
compositions are no longer water soluble, adhere

tenaciously to lydrophobic polymeric surfaces, preferably
polyolefins and have excellent oxygen and flavor/odor

barrier characteristics.

Accordingly, the present invention resides in one

aspect in a hydrophobic polymer substrate comprising a

moisture resistant coating having oxygen and flavor/odor
barrier characteristics, said coating comprising polyvinyl



-7-_ .coating conposition of the invention in the presence of sulfuric

acid as the crosslinker catal yst. By adding additional cro$gk R
noi sture sensitivity of PVOH is further reduced. Ethyl%%%égﬁﬁfﬁh%ggﬁg
& preferably |5

copolynmer ("EAA") may be added in an anount from1l to 20 w
ot 15 wt.% of the coating conposition to inprove the coeffi¢i gng KN 1937
friction of the coating. The resulting‘UsLnlhas excel | ent

alcohol 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
flavor/odor barrier characteristics on a hydrophcbic
polymer substrate comprising the steps of:

(i) providing a coating composition comprising a
solution of polyvinyl alcohol and urea on a
surface of said substrate;

(ii) drying said solution at a temperature sufficient
to allow polyvinyl alcohol to cross-link with
urea thereby forming said moisture resistant
coating on said@ substrate.

The coating compositions of the present invention when
applied to a suitable substrate, such as oriented
polypropylene, provide a combination of primer
characteristics and improved barrier characteristics which
have been hitherto unavailable in a single coating
component. Consequently the adhesion, gloss and/or
durability of subsequently applied top coatings such as,
for example, heat sealable acrylic is improved.

The coating compositions of the present invention are
used mainly as primers. The term "primer" as used in the
present invention means a coating applied to a substrate to
improve the adhesion, gloss and/or durability of a
subsequently applied coating.

The ccating compositions of the present invention are
prepared by dissolving PVOH and urea in an ionic solvent,
preferably water.: The solution thus obtained is applied
onto a suitable substrate and then the coating is dried to
drive off the solvent at temperatures sufficient to allow
PVOH to react with urea thereby forming urethane linkages
with the substrate. A useful temperature range is 90 to
150°C (200 to 300°F). The range of 120 to 135°C (250 to
275°F) is preferred.



slip characteristics and it can be wound up efficiently on

packagi ng

machi nery. The addition of EAA in excess of 20 wt. %
reduction of the heat seal able characteristics of the film
filmstructure of the present invention heat sealable a co
acid, comonly called acrylic, anorphous PVdC, or EAA/ acry

extrusion applied terpolyners, cast polypeopyl ene or cast pofl yethyl ene na
be applied over the adhesive coating conposition of the prlkes i '

RERLAGEMENT SHEET
at) ng of acrylig
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I n anot her enbodi nent of the present invention, the polynefic substrate

I ncludes a skin on both surfaces. In yet another enbodi nent the coating

conposition of t p N, | Lo, J [ f th
substrate. Al ayg?’eo?'gg@r yF#§¥§rga{’/£aP:§% %@pbﬁﬁ)&; ’%%“i#?%ggitgf t hg

priner coat @dYpdupssippadibyt that has onemitrpgan, Gerrkon,

RYRTegeRor e

particul arl yndeseol BRYgehEh£behed LR s S2@HMIRS, wherein the
elements are most likely linked through covalent bonding.

EXAMPLE 1

In the present invention crosslinking occurs whi
PVOH/urea solution is dried, urethane linkages a
not only between PVOH and urea, but also with mo

le the
re formed
lecules of

the substrate and/or the top coating. As a result, the

primer of the present invention is no longer moi
sensitive and is also tacky.

"polyvinyl alcohol™ as used herein means a
solid polymeric material, soluble in water, but

sture

normally
insoluble

in most organic solvents and characterized by the presence
of (-CH,-CHOH-) units in the polymer chain. These polymers
are ordinarily prepared by the replacement of the acetate

groups of polyvinyl acetate with hydroxyl groups

as by

hydrolysis or alcoholysis. The percent of acetate groups
replaced by hydroxyl groups is the degree of hydrolysis of
the PVOH thus formed and indicates the percent of hydroxyl
groups present in PVOH out of the total possible hydroxyl
groups. The crosslinking reaction by which the superior

barrier coatings of this invention are obtained
through the hydroxyl groups of PVOH. Therefore,

proceeds
the PVOH

useful in the present invention should have a degree of
hydrolysis from 80% to 99.6% hydrolyzed. A PVOH blend of
40% to 80% by weight PVOH which is 99.6% hydrolyzed and 20%

to 60% by weight PVOH which is 86% hydrolyzed,
respectively, is particularly preferred because

such blend

provides superior resistance, clarity, flexibility and
adhering strength. Most preferred is a PVOH blend of 99.6%
hydrolyzed and 86% hydrolyzed in a ratio of 60:40,

respectively.

The PVOH employed herein can be any commercially

available material. For example, ELVANOL 71-30
90-30 are E.I. duPont products.

or ELVANOL




A honopql ymer pol ypropyl ene core | ayer was coextruded wth

skin | ayers of

an et hyl ene- propyl ene random copol yner. The random copol y
approxi mately 3-5% by wei ght of ethylene. The extruded filHn
oriented to 4-5 tines machine direction and 7-10 tinmes trar
to yield a filmhaving a thickness of approximately 1 ml.
the skin |l ayers was approxi mately 12%)0Lsghe film The skir

RERRALEUERT, SHEET

sverse directi

The 3 Bi $AN4I%Y

- ltayers were

The amount of urea useful in the present invention is
from 1 to 20 dry wt. %, with 5§ to 15 dry wt. % being
preferred and about 7 dry wt. % being most preferred.

The polymeric materials contemplated as the substrate
of the multilayer structure of the present invention
include any oriented or unoriented polymeric film which
inherently permits the transmission of oxygen and
flavor/odors and wherein the utility of such film would

call for decreasing the transmission of oxygen and

flavor/odors. In most cases, the source of the

oxygen

referred to herein is atmospheric oxygen. A particularly
preferred class of films are the polyolefins. Within the
polyolefin class, homopolymers and copolymers of propylene,
low density polyethylene ("LDPE"), linear low density
polyethylene ("LLDPE") and high density polyethylene
("HDPE") are preferred. Particularly preferred are

isotactic polypropylenes containing at least 80%
of isotactic polypropylene.

by weight

The preferred substrate layer can also be coextruded

with a thin skin layer, amounting to from 2 to 1

2% of the

total thickness of the substrate. The skin may be made of
a propylene homopolymer, a copolymer of propylene with
another olefin, e.g., ethylene or butene-1, and a
terpolymer of polethylene-polybutene-polypropylene. The
other olefin which can be present in the copolymer is in an

amount of from 1 to 15 wt %.

The polymeric substrate can be of any desired
thickness, although thicknesses will typically range from
0.5 to 2 mils to’ ensure good machinability on high-speed
packaging equipment. The oriented polypropylene (™OPP"}
film should preferably have a thickness of 1.0 mil.

It has been found advantageous to treat the substrate

or base layer prior to receiving the oxygen and

moisture

barrier layers. Such treatment enhances the adhesion of

other coatings, including that of a primer.



approximately of equal thickness. This film conbination Vas (£o-0na. ..
di scharge treated in accordance with comonly enpl oyed prio Rgpgg@ggamrqyggﬂ'

o wd

to produce a surface with a wetting tension of about 42 dyng¢sfctrm—ie

treated filmwas coated on both sides with a primer conposi !)néﬁggﬁﬂfiﬂﬂpf
a 0.1% aqueous solution of PVOH and urea. The sol ution contai he %

of a blend of 99.6% hydrolized PVOH and 86% hydrol yzed PVOH | b-a.ratio of
60: 40, respectively, and 7 wt. %urea. The resulting coatedjfilmwas then

dried at tenperatures between 90[err]C and 150[err]C. _
were then tested in an oxygen- perneability device in which a streamof dry
oxygen is passed #hPseferzrdatreatmestl involvés drreyimattad padfaeteC @t I Ol

h ' ad. .t h i S ed. gt rjght
angl oe 1o the Sureace. eherhe tevel | SE4E tafer dfund idRRarly B, gen

transmtted ﬁH%thﬁérﬁYﬁéG/ﬁndinh@cgmmﬁ#chﬁW@Nyg@ﬂﬂbéﬁaQMQma’Daﬁﬂn-area of
filmper tinma4per mad vegataeit! Aktbe flame tRdaAAmdrAS! H14EHa Conducted on a

simlar fil”&%@%@m%gt, chemical treatment or corona discharge
treatment. Flame treatment and corona discharge treatment
are preferred with corona discharge treatment being
particularly preferred. These treatments are believed to
increase the oxygen species at the surface of the
polyolefin substrate available for the formation of
urethane linkages.

After this treatment, the coating compositions of the
present invention may be applied in-line after the
polymeric substrate has been stretched in the machine
direction (MD) but prior to orientation in the transverse
direction (TD). Thereafter, the coating composition is
dried by passing the film through tenter ovens.

The coating compositions of the present invention may
also be applied to the polymeric substrate by using an off-
line process. Off-line application includes coating in any
convenient and known manner, such as dipping, spraying,
brushing, role coating, gravure coating, and the like.

It has been found that the coating compositions of the
present invention are heat sealable when applied to a
hydrophobic polymeric substrate in excess of 190
grams/inch. A film structure with enhanced heat seal
characteristics may be used for the inside surface of

packaging films.

Other materials may be added directly to the agueous
solution of PVOH'and urea in order to realize special
advantages in addition to excellent oxygen barrier
characteristics. To improve the hot slip characteristics
of the coating, additional crosslinkers can be added
directly to the aqueous solution of urea and PVOH. For
example, melamine formaldehyde, urea formaldehyde resin,
methylated melamine formaldehyde may be added to the



acrylie top coat provided on the PVOH urea priner and on a fi -
pol yet hiyl enei mine (PElI) primer and an acrylic top coat. The B QBMEQT SHEET
given in Table 1, which shows that the filmwth the PEl pri and acrylic
top coat showed a hi gh oxygen transm ssion rate due to poor ¢xyg&mb ey
properties. The oxygen transm ssion rate?was significantly dgcfease y the
use of a coating of PVOH crosslinked with urea.

coating composition of the invention in the presence of
sulfuric acid as the crosslinker catalyst. By adding
additional crosslinkers the moisture sensitivity of PVOH is
further reduced.

Ethylene acrylic acid copolymer ("EAA") may be added
in an amount from 1 to 20 wt.%, preferably 5 ot 15 wt.%, of
the coating composition to improve the coefficient of
friction of the coating. The resulting film has excellent
slip characteristics and it can be wound up efficiently on
packaging machinery.

The addition of EAA in excess of 20 wt. £ results in
a reduction of the heat sealable characteristics of the
film. To render the film structure of the present
invention heat sealable a coating of acrylic acid, commonly
called acrylic, amorphous PVAC, or EAA/acrylic blends,
extrusion applied terpolymers, cast polypropylene or cast
polyethylene may be applied over the adhesive coating
composition of the present invention.

In another embodiment of the present invention, the
polymeric substrate includes a skin on both surfaces. 1In
yet another embodiment the coating composition of the
present invention is applied onto both surfaces of the
substrate. A layer of acrylic may also be applied on both
surfaces of the primer coated polymeric substrate.

The invention will now be more particularly described
with reference.to the Examples.

EXAMPLE 3

A homopolymer polypropylene core layer was coextruded
with skin layers-of an ethylene-propylene random copolymer.
The random copolymer contained approximately 3-5% by weight
of ethylene. The extruded film was biaxially oriented to
4-5 times machine direction and 7-10 times transverse
direction to yield a film having a thickness of
approximately 1 mil. The thickness of the skin layers was
approximately 12% of the film. The skin layers were
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approximately of equal thickness. This film combination
was corona discharge treated in accordance with commonly
employed prior art techniques to produce a surface with a
wetting tension of about 42 dynes/cm. The treated film was
coated on both sides with a primer composition composed of
a 0.1% aqueous solution of PVOH and urea. The solution
contained 93 wt. % of a blend of 99.6% hydrolized PVOH and
86% hydrolyzed PVOH in a ratio of 60:40, respectively, and
7 wt. % urea. The resulting coated film was then dried at
temperatures between 90°C and 150°C.

The dried film were then tested in an oxygen-
permeability device in which a stream of dry oxygen is
passed through an aqueous salt solgtion-permeated pad to
control the gas moisture content and then through the
films, disposed at right angles to the stream with the
crosslinked PVOH coating upstream. The oxygen transmitted
was determined and the amount of oxygen passed per unit
area of film per time period was calculated.

Similar tests were conducted on a similar film with an
acrylic top coat provided on the PVOH/urea primer and on a
film with a polyethyleneimine (PEI) primer and an acrylic
top coat. The results are given in Table 1, which shows
that the film with the PEI primer and acrylic top coat
showed a high oxygen transmission rate due to poor oxygen
barrier properties. The oxygen transmission rate was
significantly decreased by the use of a coating of PVOH
crosslinked with urea.



1. A hydrophobic pol ymer substrate conprising a noisture

resi st ant

coating having oxygen and flavor/odor barrier characteristics, said

coating conprising pol yvi nyl al cohol crosslinked wt
uret hane |inkages are forned between the substrate and
2. A polymer substrate as clainmed in Caim1l, wherein th
a polyolefin film 3. A polynmer substrate as clai ned

ﬁ%?ﬁé@%‘égﬂr@%a

¢

substrate

30 A i o

sai d polyolefin is selected from pol ypedgyl ene, | ow déngi t

I ﬂ

pol yet hyl ene, linear |ow density pol yethyl ene, and hi ¢h*densi-ty

pol yet hyl ene. 4. A polynefd substrate as claijned in afim2 or Claima3,
wherein said filmincludes afo&tru@ed sfgn on at | east one side
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Average oxygen transmission rate measured in cc/100 in2?/24 hr. at 75°F, 0% RH.
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5. A polyner substrate as clainmed in Caim4, wherein sai d coextruded
skin is'selected froma C2 - C4 honopol ynmer, propyl ene-ethyl ene

copol yrer,

A met hod of
fl avor/ odor
conprising the ¢

and

conprising a .
surface of said substrate; (ii) drying said solution at{ a tenperature

suf fici ent
urea thereb
substrate.

1‘

”'mmmf ﬂ"' g re resi stant coating havi ng
ristics " on a hydrophobi c poliy ’
uem ) (i) proygding a coating conp sﬁtgﬁé @é?e

pol yet hyl ene- pol ybut ene- pol ypropyl ene te g

AGEMENT Gt 6GHEET

solution of polyvinyl alcohol and ureag

to all ow polyvinyl alcohol to cross-Iink-w-th

&ﬁﬁiﬁ&ng sai d noi sture resistant coating on said

A hydrophobic polymer substrate comprising a moisture
resistant coating having oxygen and flavor/odor
barrier characteristics, said coating comprising
polyvinyl alcohol crosslinked with urea such that
urethane linkages are formed between the substrate and
the coating.

A polymer substrate as claimed in Claim 1, wherein the
substrate is a polyolefin film.

A polymer substrate as claimed in Claim 2, wherein
said polyolefin is selected from polypropylene, low
density polyethylene, linear low density polyethylene,
and high density polyethylene.

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

A polymer substrate as claimed in Claim 4, wherein
said coextruded skin is selected from a C, - C,
homopolymer, propylene-ethylene copolymer, and
polyethylene~-polybutene-polypropylene terpeclymer.

A method of forming a moisture resistant coating
having oxygen and flavor/odor barrier characteristics
on a hydrophobic polymer substrate comprising the
steps of:

(i) providing a coating composition comprising a
solution of polyvinyl alcohol and urea on a
surface of said substrate;

(ii) drying said solution at a temperature sufficient
to allow polyvinyl alcohol to cross-link with
urea thereby forming said moisture resistant
coating on said substrate.




-11-.  +7. A nethod as clained in (aim®6, wherein said solution S
aqueous. 8. A nethod as claimed in daim6 or Claim?7, whe el
substrate is_a polyolefin film 9. A nethod as clained in CMMENTMEET

[T 7
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7. A method as claimed in Claim 6, wherein said solution
is aqueous.

8. A method as claimed in Claim 6 or Claim 7, wherein
said substrate is a polyolefin film

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

10. A method as claimed in any one of Claims 6 to 9,
wherein said solution further comprises ethylene
acrylic acid copolymer.
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of the substrate is subjected to fl-ane or corona tre t pent priQr.t.o
step, (i). 10. A nmethod as clained in any one of Cains ﬁEFEﬁGﬂWENT SHEET
wherein said solution further conprises ethylene acryl ye—aet-d
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PYON-BASED COATING COMPOSITION
ABSTRACT

Coating compositions which have improved oxygen and
flavor/odor barrier characteristics are disclosed. The ‘
coating qompositions are obtained by coating a hy?rophobxc
polymeric substrate, such as a polyolefin film, with an
aqueous solution of polyvinyl alcohol and urea and drying
the coating at a temperature sufficient to allow the
polyvinyl alcohol and urea to crosslink such that urethane
linkages are formed at least between the polymeric -
substrate and the coating compoaition.




