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BAR&IER CHARACTERI STI CS The present inventi‘on relates to
crogs-1inked PVOH coatings having, enhanced barrier
characteristics and, nore partlcu$arly, to PVOH coatings mhlch
exhi bit inproved processing characterlstlcs resulting in
cross-1inked ols
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may be applied along with the poly(vinyl alcohol) such that
the agent interconnects and thaereby cross-links the
poly(vinyl alcohol) molecules as such coating is dried.
The catalyst is present to facilitate the'cross—linkinq
process.

U.S. Patent No. 5,380,586 Aiscloses a polymeric substrate
having a cfoss-linked'layer of PVOH adhered thereto. The
PVOH layer includes a cross-linking agent such as melamine
or urea formaldehyde, which is cross-linked in the presence
of a'sulfuric acid catalyst. The resultant film exhibits
enhanced oxygen barrier characteristics, as compared to
barrier films of the prior art. |

However, it can be difficult in the prior art films,

~ .including the film disclosed in U.8. Patent No. 5,380,586,
to ensure that the layer of poly(vinyl alcohol) cross-links
fully throughout itself. In this regard, it is believed .
that the degree of cross~linking is indicative of the
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that t he degree of cross-linking is indicative of the

-2-4 oxygen barrier characteristics of the resultant film Stated

di fferently, poly(vinyl alcohol) |ayers thaggare fully cross-linked tend to
exhibit better barrier characteristics than ?hose | ayers which are | ess
than fully cross-linked. The prior art filnms, in an attenpt to achieve

maxi mum cross-1linking, are often dried and/or stored for an extended period
of time. For exanple, it nay be necessary to store a filmfor weeks, or

even rrFUt E_s, bﬁéﬁﬁﬁlﬁkﬁiétfnéﬁri@ﬁﬁfdtiés_@f’iﬂt\eofseﬁxt?ﬁm fihc\it. y
cross-1linking 0 nt i a efiod i.ncreases e, production
time and cost fH ¢§%é§ué¥é?%ﬁﬁégﬁé ééi¥8§i$¥$ﬁgﬂﬂ%§?%g i?%ggg Fﬁﬁ eBTBVOH
coati ngs theredully Kross+kinkad cfend to nexddibit tbhetber lbarraerret hod of
providing a PV r y [

upon drying is su%n%ﬁk@ﬁ%r%g&;s n&ﬁh@?&% e %mfﬁg % ghfﬁgtly
the m ni num gr@%ﬁﬂ%rlriaﬂcﬂﬂng t he storage peri od. The resul tant coating
shoul d exhi bit Vi ery r bbi ng
resi st ance espec{“fffﬁ@ﬁi O AT L) ?ﬁ%. bhpt | £5 A5R1608, SuRiabld) |
coating shoul d FFRRSTIinkinN ()Q?ﬁé?ﬁﬁﬁﬁl@? s%%%(¢§1%t°re¢h§°§ré§ent

i nvention, whi cdx¥sitias idk oeegbn@! tP6rPék&ipPé| . it chayche! AcdeBBakgd

R O A R LI ST SR TR T
i ncludes the sthas afeaciead nits point faf cnakinie sovbss+binkingh aThel ution
of poly(vi ny! ol &fighdne AlNQK UedPlyd PEPTSA’ YRcPIEHEa Blla' BELGREE bR time

cross-linking t
and cost for manufacturing polymeric films having cross-

linked PVOH coatings thareon.

There is therefore a need in the art for a mathod of
providing a PVOH coating on a substrate, such as a
polymeric film, which upon drying is substantially 100%
cross—-linked thereby eliminating or, at the minimum,
greatly reducing the storage period. The resultant coating
should exhibit improved oxygen barrier characteristics and.
improved rubbing resistance especially at high relative
humidities. Moreover, the resultant coating should bond
firmly to the underlying substrate.

The present invention, which addresses the needs of the
prior art, relates to a method of providing an improved
moisture resistant oxygen barrier having a reduced number
of imperfections onto the surface of a substrate. The
mathod includes the Step of coating the surface of the
substrate with a solution of poly(vinyl alcohol), glyoxal
and tenscactive agent and thereafter cross-linking the
poly(vinyl alcohol) in the absence of a catalyst to provide
the moisture resistant oxygen barrier.

In a preferred embodiment, the poly(vinyl alcohol) has a
hydrolysis level of above 99%, usually 99.5%. The
poly(vinyl alecohol) is preferably a low viscosity grade
PVOH. In particular; the viscosity of the PVOH is



pol’y(vinyl alcohol) in the absence of a catalyst. to provide the nmoisture
resi stant oxygen barrier. In a preferred enbodi nent, the pol y(vinyl

al cohol) has a hydrolysis |level of above 9@%_qually 99.5% The pol y(viny
al cohol) is preferably a |low viscosity grade PVOH. In particular, the

viscosity of the PVOH is preferably from5 cps to 15 cps (at 4%
solution and 20[err]C). Moreover, the tensoactive agent is preferably a
Cerr] to C[err] al cohol , part|cularly 1- oct anol . The present invention

al so provi des an un&gclffzilc}rx{nmssl%iécw Qﬁ‘@ﬁé‘%ﬁ‘ndmﬁ‘(ﬁﬁ&i‘y&ﬁi‘ DEE g e

firmy bonded trate. The f structure 1s produced’ by
the process of MBF@EXH’-’ng t&‘es(ﬂ%"@ﬁ & FGANE A PRESHADIB R G Fok&e The

process |ncIudaacbhalfughheﬁdﬁma@yy=nyawﬁancan ef fective anpunt of _
both agi tat i on ATHeLBFERSHE JOVARLIAD SR REPVAAFY & AEIETHE EDML | on's
surface tensi ostwhetaime hapicnge drbdmpnoyade toxyeyert hazdmier of imily thended
solut] on on' at tPe At Spabidyiitl Sibechandiol ale £t Weniieike 1§ BIAN0E°
| i nki ng the pob¥( th#ypmlccﬁsolo)f iprepagizg enewlottlorc afipaly (winybvi de the
o2 Tomor o RSSO R T T ol o i il
to 8 seconds. PkePcOft Adding amALfeS Eensnactine nagant to
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provides an |nBr %a%xon and application of the solution and to reduce the
' solution’s surface tension whereby improved bonding between
the barrier and the substrate is achieved. The process
includes the further step of coating the solution on at
least one side of the substrate and thereafter cross-
linking the poly(vinyl aldohol) in the absence of a
catalyst to provzde the oxygen barrier.

In a preferred embodiment, the coated substrate is dried
at a temperature of from 80°C to 150°C for period of from 4
seconds to 8 seconds. The coating is substantially 100%
cross-linked upon completion of the drying period.

As a result, the present invention provides an improved
PVOH coating for application on a substrate which is 100%
cross-linked upon drying of the applied coating. The
cross~linking time is therefore reduced from a matter of
weeks, or even months, to a matter of seconds.

Moreover, the resultant cross~linked coating exhibits
improved oxygen barrier characteristics and improved
rubbing resistance. The bonding between the barrier and
the substrate is also enhanced. Finally, the manufacturing
process is facilitated in that the present ccating exhibits
a reduced tendency te foam during both agitation and
application of the solution and also exhibits an enhanced
ability to "wet~out" when applied to the suhstrate thereby
providing a film having an improved lay-flat quallty.



PVOH coating for application on a substrate which is 100% cross-|inked upon
drying of the applied coating. The cross-linking tinme is therefore reduced
froma matter of weeks, or even nonths, to.ge«matter of seconds. Mor eover,
the resultant cross-linked coating exhibits inproved oxygen barrier
characteristics and i nproved rubbing resistance. The bondi ng between the
barrier and the substrate is also enhanced. Finally, the manufacturing
process is facilitated in that the present coating exhibits a reduced
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preferrad polyolefin is polypropylene.

To ensure that the oxygen barrier layer of the present
invention properly adheres to tha substrate, the substrate
preferably includes at least one side that is adapted for
receipt of the layer. Particularly, the side of the
substrate to be coated should have surface properties which
facilitate the securing of a poly(vinyl alcohol) layer
therato. For example, the side to be coated may be treated
'with a primer such as poly(ethyleneimine). Of course,
other suitable primers may also be utilized. The side to
be coated may alsc be adapted for subseguent receipt of a
poly(vinyl alcchol) layer during formation of the substrate
itself., For example, a polymeric subsgtrate, e.g.,
polypropylene, may include a material such as maleic acid
which improves the ability of poly(vinyl alcohol) to bond
thereto. Finally, the substrate may include a side which
is naturally adapted for receipt of a poly(vinyl alcohol)
layer, i.e., the side to be coated requires no treatment.

As known to those akilled in the art, poly(vinyl alcohol)
is typically produced by hydrolyzing poly(vinyl acetate).
Specifically, the hydrolysis reaction replaces the acetate
groups with alcochol groups. The more acetate groups that
are replaced, the greater the hydrolysis of the PVOH. It
is believed that the presence of more alcohol



substrate to be coated should have surface properties which facilitate the
securing of a poly(vinyl alcohol) layer thereto. For exanple, the side to
be ,coated may be treated with a priner suchgas pol y(ethyleneimne). O
course, other suitable priners may also be utilized. The side to be coated
may al so be adapted for subsequent receipt of a poly(vinyl alcohol) I|ayer
during formation of the substrate itself. For exanple, a polyneric
substrate, e.g., polypropylene, may include a material such as maleic acid
whi ch i nprovesgidwapsib{iiéy, ofreateri nydralgsis) ) provided bettetrobakiria y,
t he substratedggg | iu e a side which is naturally adapted for receipt of
a pol y(vinyl dﬂ%$§ ¢ VYer, i.e., the side to be coated requires no
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be produced Wi¢{x¥giOYSs and various degrees of hydrolysis. Viscosity
is typically a function of the molecular weight of the PVOH
molecule. Specifically, a solution of PVOH in which the
individual molecules are relatively large (i.e., a high
molecular weight PVOH) tends to have a higher viscosity
than a solution of PVOH in which the individual molecules
are relatively small (i.e., a low molecular weight PVOH).
It is believed that Vvan der Waals forces develop between
the larger-sized molecules because such molecules tend to
align themselves with one another, thus increasing the
viscogsity of the PVOH.

A poly(vinyl alcohol) such as Elvanol 71-30 (produced by
Du Pont) is typically referred to as a medjium viscosity,
fully hydrolyzed PVOH. Specifically, the degree of
hydrolysis of a fully hydrolyzed PVOH is 98%. Further, the
viscosity of a medium viscosity grade PVOH such as Elvanol
71-30 is 30 cps at 4% solution and 20°C, . '

Another commercially available PVOH is Elvanol 75-15
(also produced by Du Pont), which is a low viscosity, fully
hydrolyzed PVOH. Specifically, the degree of hydrolysis is
98% and the viscosity is 13 cps at 4% solution and 20°C.

Still another commonly available PVOH is Elvanol 90-50
(also produced by Du Pont), which is a low viscosity, super
hydrelyzed PVOH. The degree of hydrolysis in a super
hydrolyzed PVOH is 99.5%. The viscosity of a low



viscosities and various degrees of hydrolysis. Viscosity is typically a
function.of the nol ecular weight of the PVOH nol ecule. Specifically, a
solytion of PVOH in which the individual mlegacules are relatively large’
(i.e., a high nolecular weight PVOH) tends to have a higher viscosity than
a solution of PVOH in which the individual nolecules are relatively small
(i.e., alownolecular weight PVOH). It is believed that Van der Waal s
forces devel op between the | arger-sized nol ecul es because such nol ecul es
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- whan dried, becomes fully cross-linked. The current
procedure for producing oxygen barriers of poly(vinyl
alcohol) often requires the film to be stored for a period
of weeks, or even months, following manufacture of the film
to allow the poly(vinyl alcohol) layer to fully cross-link.
This storage requirement increases both the production cost
and production time. It also results in the f£ilm being
exposed to moisture prior to bacoming fully cross-linked,
which may negatively affaect the final properties of the
film.

It has been discovered that a formulation of poly(vinyl
alecohol), glyoxal and a tenscactive agent will cross~link
upon drying of the applied coating, thereby eliminating the
need to store the f£ilm. This cross-~linking occurs in the
absence of an acid catalyst and results in an improved
oxygen barrier, as compared to other c¢ross-linked PVOH
coatings.

The poly(vxnyl alcohol}) is preferably a low viscosity
grade PVOH having a viscosity of from S cps to 15 cps (at
4% solution and 20°C). Aa mentioned above, a low molecular
weight PVOH includes relatively amall PVOH molecules,
thareby providing a PVOH formulation having a lower
‘viscosity. It is believed that the smaller PVOH molecules,-
together with the relatively small glyoxal cross-linking
molecules, allow a "tightly packed" matrix to be formed.



therefore susceptible to attack by noisture. As a result, poly(vinyl

al cohol ).l ayers which will be exposed to noisture are typically
cross-1inked. The crass-linking of the laygg_substantially reduces its
susceptibility to attack by noisture. However, it is often difficult to

readily and consistently produce a poly(vinyl alcohol) |ayer which, when
dried, becones fully cross-linked. The current procedure for producing
oxygen barriers of poly(vinyl alcohol) often requires the filmto be stored
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-7- the PVOH and as compared to other various known cross-
linkers. As a result, it is believed the glyoxal molecules
tend to readily "fit" between adjacent PVOH.molecules such
that the cross-linked layer hag a minimum of void space.
It is further believed that the reduced void space enhancas
the oxygen barrier characteristics of the resultant film.

As mentioned above, it has been discovered herein that
the cross-linking process between the PVOH and the glyoxal
does not require a catalyst. This lack of need may result
from the functionally active condition of the glyoxal, and
is significant in that the typically employed catalysts
(e.g., acid catalysts) often prove difficult to utilize in
a commercial setting. Particularly, such catalysts are
extremely corrosive and potentially damaging to the coating
machinery. Moreover, the use of a catalyst significantly
reduces the pot life of the coating solution.

In a preferred émbodiment, the tensoactive agent is added
to the solution to reduce foaming during both agitation of
the solution and application of the solution to the
substrate., The addition of the agent to the solution also
reduces the surface tension of the solution, thereby
providing better wetout of the poly(vinyl alcohol) on the
substrate which in turn results in a barrier layer having
an inproved lay-flat quality. This reduced surface




As a result, the formed matrix is resistant to the penetration of oxygen

t her et hr ough. G yoxal , al so known as et hanedi al or. oxal al dehyde, is a two
carpon di al dehyde havi ng an enpirical'fornuhg [err], In solution, glyoxal
exi sts as a mxture of hydrates, diners and oligonmers. The glyoxal utilized
in the present- invention is preferably an aqgqueous 40% by wei ght sol ution
and is present in the resultant cross-linked coating in an anount of from
S%to 30% by weight and, preferably, from15%to 25% by wei ght. 3 yoxa
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This reduced stenscactive agent is a C, to C,, alcohol such as octanol,

: particularly l-octancl. The octanol is present in the
solution in a concentration of from 5 ppm to 0.5% by
weight. The octanol is dispersed throughout the solution
and, at the concentrations employed in the present
formulation, remains dispersed in the solution. Of course,
other suitable tenscactive agents are also contemplated.

Commercially suitable coating processes include a reverse
direct gravure process and a smooth rod process. As is
known to those skilled in the art, the gravure process
typically produces a higher level of foam than the smooth
rod process. The tensoactive agent reduces the degree'of
foaming, while simultaneously lowering the surface energy
of the coating solution. fThe combination of reduced
foaming and lower surface energy provides improved
processing characteristics which result in a barrier
exhibiting reduced transmission of oxygen, part;cularly at
high relative humidities.

With respect to the gravure process, the coating solution
of the present invention preferably includea 200 to 500 ppm
of l-octanel and, more preferably, 250 ppm of l-octanol.
With respect to the smooth rod process, it has



tension al so provi des an enhanced bond between the cross- |inked coating
and the substrate. It has been discovered that the addition of
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- the PVOH. The water and dissolved PVOH are then cooled.

The cross-linking agent (i.e., the glyoxal) is then added
to the cooled PVOH and water. Thereafter, an effective
amount of the tensoactive agent is added to the solution.
It is this resultant solution that is than coated on the
polymeric substrate.

In a praferred embodiment, the aqueous solution includes
from 4% to 14% by weight of solids and, preferably, from 5%

- to 10% by weight of solids. The solids content is made up
from 70% to 95% by weight of poly(vinyl alcohol), from 5%
to 30% by weight of cross-linking agent and from 5 ppwm to
0.5% by weight of octanol.

It has been discovered that the aqueous solution of the
present invention is stable in comparison to prior art
formulations. This stability, together with the use of the -
low viscosity PVOH, allows the solids content of the
solution to be increased. By increasing the solids content
of the solution, the percentage of water in the solution is
reduced. Accordingly, the applied coating is more readily
dried. This reduced drying time results in an energy
savings and/or a speed increase from the coating machinery.
It is also believed to facilitate the cross4linking
process. Finally, this stability results in a longer pot
life for the solution. | -




high rel ative humdi-ties. Wth respect to the gravure process, the
coating solution of the present invention preferably includes 200 to 500
ppm of 1-octanol and, nore preferably, 250=#@m of 1-octanol. Wth respect
to the snooth rod process, it has been di scovered herein that
the coating solution preferably includes from5 ppmto 50 ppm of 1-octanol.
This | ower | evel of tensoactive agent provides the above-nentioned inproved

processi ng characteri,stics, In addi%hgp, it is Qelieved that this | ower
| evel of tensoacPR¥EISHLArLYe oBES coabingo 8 FPE@iﬁﬁet° the

tSEbsequlent | y-faghedraugen?balfri?ﬁr iwi :rlotl_aufdf tmria_,;]tghne?a&ﬁy\itj tig rgveais fxom
e inclusion uc ent _in the,sol ution. e _sal utio i ch i
preferably aqu§XBiFagigﬂBEQHaPKS“b}Ba&§rﬁ%°Fh&°8819P3iﬁ?ﬁéﬁ%ﬁﬁ%ﬂ;h?§?<ﬁﬂ%
wat er, which i fillnetoaliBorcCheatrhe fdlm tiempreldedr €hyoufhcithe dvendistsol ve
the PVOH. Th ' I 3 t I -yl Nk
agent (e hEeERso0% Hb3BR, Ok WiMinRER ((1BOG0IR/An0bY oo Rl E LR
Thereafter, anreilscthroughothe ovemhe thensaderi ya ihenappd iediswatingiels
sojution. 1t | arilen b2PUuhath > Intydh | Meredsblt bnaddoiibeiitqiion of
pol ymeric substrate. na préferred erbo I ment, the aqueous solution

i ncl udes from §¢t golidspgonsente oAts Slomes Peiat ddereradty a MaxkBBIRY 10%
by weight of sebhéantk3aeissl afd eempRiat dened cride@~-13%Kihd Peddess

it
: . 5 p BE
e 00 o 20l S0 et ) ok ik FALEEY, oo
t hat - t he aqueoaadscomwpiletedly theoughout the PVOH layer such that the f£ilm
is 100% cross-linked by the time such film leaves the
drying oven.
The following examples illustrate the enhanced barrier
characteristics of films produced in accordance with the
present invention.

EXAMPLE 1 |

Sample 1 was produced. A solution of Elvanol 71-30,
Parez 613 (a methylated melamine formaldehyde) and ammonium
chloride was coated ontoc a polymeric substrate of
polypropylene .75 mil thick. The solution contained 6% by
weight of solids. In turn, the solids contained 83% by

 weight of PVOH, 15% by weight of methylated melamine
formaldehyde and 22 by weight of ammonium chloride.

The substrate was treated with a poly(ethyleneimine)
primer prior to application of the coating. The coating
was applied to the polypropylene substrate using a reverse
direct gravure coating process. Specifically, the coating
was applied with a 92Q gravure roll. The control sample
was then dried and stored until the layer was fully cross-
linked, a process requiriﬁq about 3 weeks. The film was
then measured for oxygen transmission at 0% relative
humidity and 75% relative humidity.

Sample 1 exhibited an oxygen transmission rate of 0.95 x
10 ce/cm’/24 hr (0.061 ¢c/100 in*/24 hr) at 0% relative



present invention is stable in conparison to prior art fornulations. This
stability, together with the use of the |Iow viscosity PVOH, allows the
solids content of the solution to be incregged. By increasing the solids
content of the solution, the percentage of water in the solution is
reduced. Accordingly, the applied coating is nore readily dried. This
reduced drying tinme results in an energy savings and/or a speed increase
fromthe coating nmachinery. It is also believed to facilitate the

cross- i nki nOnaiDEEEE - afid NBSL Yoat Ri SO eeb(k:mfyu entll {6,968 ackpngor ipdyadife
for the sol ut once the coating is applied to

t he substrat ﬁgfhﬁth?ﬁ1¥§l?B+Yﬁgﬁ igtgx a drying oven. A typical drying

oven is 60 feet long and adapted to heat the filmto 130[err]C. The filmis
rolled through the oven at speeds of agi§ggéggﬁgininute (1000 ft/mnute).

As the filmrolls through the oven, th t he ag lied coating is
driven off mhlcﬁﬂmplﬁt&r“§s produced.t hd 8okutionaofoElvanphe78015dand

content. %Q@'?&o(r }rcﬂcaaﬂf&&ﬁ&!béﬁy&@”&ﬁﬁhi?ﬁh%‘ %3¢ coatad

tenperature) t he cross rocess is initiated I s"craoss-1inking
process occur%“?%p#dP91$HE°EﬁﬁﬁFﬁtEPbsFﬁ?EﬁgEBGPaFﬁé pRORCraydange: W ithnt

the filmis IRR8mE1ESE- 1!:*nxeﬁeb&réaeduaatsqﬁvﬁrbrrpkaaégs .thendrying oven.
The follow ng ei ggles | ust ﬁ*tﬂe enh ed barﬁ Er chgra%terls 5?5 of
filns pr oducetPHR=4RB oFARFR G A%t ﬂ?ég t OFnF2hdAsN.
solids contained 75% by weight of PVOH and 25% by weight of
cross-linking agent. The oxygen transmission
characteristics of the film were thereafter measured.

Sample 2 exhibited an oxygen transmissive rate of 1.24 X
10™ co/cm?/24 hr (0.08 ¢¢/100 in?/24 hr) at 0% relative
humidity and 12.555 x 10~ cc/cm?*/24 hr (0.81 cc/100 in®/24
hr) at 75% relative humidity.

EXAMPLE 3 |

Sample 3 was produced. A solution of Elvanel 90-50 and
Sunrez 740 was coated onto the polypropylene substrate
described in Example 1 by a reverse direct gravure process.
The solution contained 8% by weight of solids. In turn,
the solids contained 85% by weight of PVOH and
approximately 15% hy weight of cross-linking agent. The
oxygen transmission characteristics of the film were
thereafter measured,

Sample 3 exhibited an oxygen transmissive rate of 0.465 x

10~ cc/em?/24 hr (0.03 cc/100 in?/24 hr) at 0% relative
hunidity and 4.03 x 10" cc/cm’/24 hr (0.26 cc/100 in®/24
hr) at 75% relative humidity.

Sample 4 was produced. A solution of Elvanol 75-15 and
Glyoxal 40 was coated onteo the peolypropylene substrate
deacribed in Example 1 by a reverse direct gravure process.
The solution contained 8% by weight of solids. In turn,



Sanpl e 1 was produced. A solution of Elvanol 71-30, Parez 613 (a nethyl ated
nmel am ne fornmal dehyde) and ammoni um chl ori de was coated onto. a pol yneric
substrate of polypropylene .75 m | thick. _fRe solution contained 6% by

wei ght of solids. In turn, the solids contained 83% by wei ght of PVOH, 15%
by wei ght of methyl ated nmel am ne formal dehyde and 2% by wei ght of ammoni um
.chl oride. The substrate was treated with a pol y(ethyl eneimne) prinmner
prior to application of the coating. The coating was applied to the

pol ypr opyl ene ?‘%bitor]_}cﬁ %ﬂ&ﬁ‘éf:@fq’f"’%@@f%ﬁ%d NPg Prgg ess.

Speci fically, I ng Was ravure roll. The, control
sanpl e was t haweighite®faerassr g |agent 4 aj@?@ mgmlsrwﬂssswﬂked a

Process requi hagadui st MaLkse t‘ﬂbe £1 I wdre tﬁmweﬁbimr@dygen
transm ssion at 0% reI at | ve hum d grband 75% rel ati ve hum 93 ggl e 1
2

exhi bited an oxfd@ple WQP’QS""?@’!LQ?T’E??’IV%CV%#&;]
(0.061 cc/ 100 jignd e&é,}ée?zhr )nzat QB4 eicwooe in?/24 hr) akuoidicelagdidel5. 004
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Sunrez 740 (almjclatc 768 dealdtlichy dexmidityer) was coated onto a
pol ypropyl ene substrate prepared in accordance with Exanple 1 by a reverse
?L:ﬁctt%reavure process. The sol ution contained 8% by wei ght of solids. In
' Sample § was produced. A solution of Elvanol 90-50 and
Glyoxal 40 was coated onto the polypropylene suhstrate
deacribed in Exampie 1 by a reverse direct gravure process.
The solution contained 8% by weight of solids. In turn,
the solids contained 75% by weight of PVOH and 25% by
weight of cross-linking agent. The oxygen transmission
characteristics of the film were thereafter measured.
Sample 8 exhibited an oxygen transmissive rate of 0.93 x
10"* co/cm?/24 hr (0.06 cc/100 in?/24 hr) at 0% relative
humidity and 2.015 x 10°* cc/cm®’/24 hr (0.13 cc/100 in?/24

hr) at 75% relative humidity.

EXAMPLE 6

Sample 6 was produced. A solution of Elvanol 75-15,

Glyoxal 40 and 1~octanol was coated onto the polypropylene

. gubstrate described in Example 1 by a reverse direct
gravure process. The solution contained 8% by weight of
solids. In turn, the solids contained 75% by weight of
PVOH 25% by weight of cross-linking agent and 250 ppm of 1-
octanol. The oxygen transmigsion characteristics of the
£ilm were thereafter measured.

Sample 6 exhibited an oxygen transmissive rate of 0.775 X
10" ce/cm?/24 hr (0.05 cc/100 in‘/24 hr) at 0% relative
humidity and 4.495 x 10~ cc/cm’/24 hr (0.29 cc/100 in?/24
hr) at 75% relative humidity. -



sol’i ds contai ned 75% by wei ght of PVOH and 25% by wei ght of cross-Iinking
agent. The oxygen transm ssion characteristics of the filmwere thereafter
_nmeasur ed. Sanpl e 2 exhibited an oxygen igqnsmi ssive rate of 1.24 x

10[err] cc/cnferr]/24 hr (0.08 cc/100 inferr]/24 hr) at 0% relative

hum dity and 12.555 x 10[err] cc/cnferr]/24 hr (0.81 cc/100 in[err]/24 hr)
at 75%relative humdity. Sanpl e 3 was produced. A solution of Elvanol
90-50 and Sunrez 740 was coated onto the pol ypropyl ene substrate descri bed
in Exanple 1 by a reverse direct gr avugmms. The sol ution contai ned 8%
by weight of solids, In turn, the sqli

t d_85%Db i ght .of PVOH
and appr oxi mat F4mREe, hywasi Bredured, os -gsﬂkﬁﬁgaagnﬁ‘%ﬁ\éﬁg%@'?%'
transm ssi on ¢hpoeal e40 sahdslebctianoli vasveoatedeontdt Shenpadyprepyledel e
3 exhibited an_ 0 epn transniSsi r 0 ¥ rr]/ 24 hr
(008 ool 100 FpELFaFe ARPEFLBaY, fo. Ridnlle s By, § HovETHe HisEE ]
cc/ cnf err]/ 24ghavéfe 2proced80 i Ther spration) cantainedeBit bye wedahds ﬂg

EXAMPLE 4 S _4 uc t} : v I qmg yoxal
40 was coat edétgirﬁgf hgf%oﬁéggbgz gnéoggggt lr:gg‘e:agre‘ggr iaggdblzﬁwléaxarrpl ecg 1 1__by a
QT

reverse direcPV@Havif® byoweightTpg espeerdinking.pgedtsand, 438 sm &
solids. In tuUjlactanol. The oxygen transmission charbéteristics of the .

film were thereafter measured.

Sample 7 exhibited an oxygen transmission rate of 0.31 x
10~ cc/cm?/24 hr (0.02 cc/100 in?/24 hours) at 0% relative
humidity and 1.085 x 10 cc/cmw?/24 hr (0.07 cc/100 in'/24
hours) at 75% relative humidity.

The results from Examples 1-7 are summarized in Table I.



t he solids contained 85% by meight of PVOH and 15% by wei ght of

cross-1inking agent.

wer e thereafter nmeasured.

The oxygen transm ssion characteristics of the film
Sanmpl e 4 exhibited an oxygen transm ssive rate

of 0:62 x 10[err] cc/cnferr]/24 hr (0.04 cc/100 in2/24 hr) at 0% relative
hum dity and 3.565 x-10[err] cc/cnferr]/24 hr (0.23 cc/ 100 in[err]/24 hr)

at 75%relative humdity.
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Sample 7 was produced. A solution of Elvanol 90-50, dyoxal 40 and
1-octanol ~was coated onto the pol ypropyl ene substrate described in Exanple
1 by a reverse direct gravure process. The =&kf=tion contai ned 8% by wei ght
of solids. In turn, the solids contained 85% by wei ght of PVOH, 15% by

wei ght of cross-1linking agent and 250 ppm of 1-octanol. The oxygen

transm ssion characteristics of the filmwere thereafter neasured. Sanmpl e
7 exhibited an oxygen transmi ssion rate of 0.31 x 10[err].cc/anerr]/24 hr
(0.02 cc/ 100 i n[ er¥y /s appawent fxom rthetdata et ferthnin 1TabkexI1that,

cc/enferr] /24 hredd. Qbrdén et e ldedotristicd dP%ne! aling preudobn

The results froarExaac or.?:far%ée? ‘?{‘gh' St%n;mlgrl'azggml'. nirl_éebrllgiéh are vastly
superior to those of the prior art. Particularly, at
high relative humidity (e.g., 75%) the oxygen '
transmission rate (70, in cc x 107/cm?*/24 hr) decreased
from highs of 15.004 (Sample 1) and 12.555 (Sample 2) to
a low of 1.085 (Sample 7). Moreover, the films produced
in accordance with the present invention exhibit improved
rubbing resistance upon drying as compared to those films

produced employing various prior art formulations.
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It is apparent fromthe data set forth in Table | that
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ention are vastly superior toghose of the prior art.
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QS . 1. A
nBe eg°?eEFng§f"gx93eﬁmgﬁpyPgrmSﬁFE“ ©Surface of

a substrate conpresisgant oxygeatbaprierdoamtof acesurtfacai dfsabsubsteabe h a

- comprising:

coating said surface of said substrate with a
solution of poly(vinyl alcohol), glyoxal and tensocactive.
agent; and

cross=linking said poly(vinyl alcohol} in the
absence of a catalyst to provide said moisture-resistant
oxygen barrier. -

2. The method according to Claim 1, wherein said
poly(vinyl alcohol) has a viscosity of from 5 cps to 15
cpas at 4% solution and 20°C.

3. The method according to Claim 1, wherein said
poly(vinyl alcohol) has a hydrolysis level above 99%.

4. The method according to any one of Claims 1 te 3,
wherein said tensoactive agent is a ¢, to C,, alcohol.

- §. The method according to Claim 4, wherein said
alcohol is octanol. |

6. The method according to Claim 5§, wherein said
octanol is 1-octanol.

7. The method according to Claim 1, vwherein said

solution is prepared by the steps of:

dissoclving said poly(vinyl alcohol) in water and
thereafter adding said glyoxal; and

adding an effective amount of said tensoactive agent
to said solution to reduce the surface tension of said
solution whereby improved bonding between said barrier
and said substrate is achieved.

* [ LM S *



&

sol ution of poly(vinyl alcohol), glyoxal and tensoactive agent; and
cross-linmking said poly(vinyl alcohol) in the absence of a catalyst to

provi de sai d noi sture-resistant oxygen barr#s?= 2. The net hod according
to daim1, wherein said poly(vinyl alcohol) has a viscosity of from5 cps
to 15 cps at 4% solution and 20[err]C. 3. The method according to Claim
1, wherein said poly(vinyl alcohol) has a hydronS|s | evel above 99%

4. The method according to any one of aims 1 to MQFr n sai_d

tensoactive agent Bs EIEFFPOFOaEFEFﬂP“SIGBhGPY one Hode 7+

according to O agjHefeinh8agincrass-aianiay stepcﬁﬁuahdas the fﬁrthaﬁlzthp
according to Caim wher e

sai d_ogt an tan od
according to ClaPﬁ1arY&HEr§PRds§P&t§ ﬁpgﬁﬁrFEprgpgr%&mﬁfqﬁ%§§ﬁt%iggﬁgh
di ssol ving sai d abbutvaoyt tbcaboux A8O0wg.er and thereafter adding said
gl yoxal ; and addi ng an effective amount of said tensoactive agent to
sai d solutlon to reduce the surface tension of said solution whereby
i mproved bonding b8t vehe mettodaaccording to @ladpsil,awhereiy igadded.

solution includes from 5% to 10% by weight of solids,
said solids comprising from 70% to 95% by weight of
poly(vinyl alcohol) having a viscosity of from 5 cps to

5 15 cps at 4% solution and 20°C and which is hydrolyzed to -
a level above 99%, from 5% to 30% by weight of glyoxal
and from 5 ppm to 0.5% by weight of l-actanol.

10. The method according to any one of Claims 1 to 9,
wherein said coating step is accomplished through a
smooth rod process, and wherein said solution includes
from § ppn to 50 ppm of tensoactive agent.

11. The method according to any one of Claims 1 to 9,
' wherein said coating step is accomplished through a
reverse direct gravure process, and wherein said solution
includes from 200 ppm to 500 ppm of tensoactive agent.

12. A polyweric film structure, comprising:
an improved oxygen barrier firmly bonded to an
underlying substrate produced by the process of preparing
a solution of poly(vinyl alcohol) and glyoxal; |
5 adding an effective amount of a tensoactive agent to
said solution'to reduce the surface tension of said
solution whereby improved bonding between said barrier
and said substrate is achieved:; and |
coating said solution on at least ane side of said
10 ~ substrate and thereafter cross-linking said poly(vinyl
alcohol) in the absence of a catalyst to provide an
affective oxygen barrier thereon.

O Y A 1 !



-17- : 8. The method according to any one of Clainms 1 to 7,

wherein said cross-linking step includes the further step of

dryi ng said coated substrate at a tenperatuggeof from about
80[err]C to about 150[err]C. 9. The nethod according to Claim
1, wherein said solution includes from5%to 10% by wei ght of

sol i ds, said solids conprising from70%to 95% by wei ght of

pol y(vi nyl al cohol) having a viscosity of from5 cps to 5 : 15 cps at

4% sol ution and 29Rerr rffedBtrokitairel acketding &b 0laim 12, vhexrdiavesakbove
0, 0, 0, i 0,
99% from5%to 3 fﬁ%ﬁy i gritcog%lgl kgﬁahﬁ)yiﬁﬁgs%é%%&d.&romn | n%&{né@ {5 5%

by wei ght of 1- 8 . accor 0 any one
of ainms 1 to eps at 4% solutdon anshi2® ‘candh@ dhydrdlysis deiekahove

t hrough a 9% snmoot h rod process, and wherein said solution includes
from5 ppmto 53 ppm of tensoactive agent. 11. The net hod
according to any one of Clainms 1 to 9, wherein said coating step

i s acconplished tHyoughnd structure ARNRAANY 'eF lany VHE VO CEHRs B Cor
wherein said solution ] incl udes [from 200 ppm_to Ooiﬁfm of
tensoactive ageAds, wherein said temO%&iameym r4g rﬁ'ﬂqii?él e,

conprit sing: - an inproved oxygen barrier firmy bonded to an
under | yi ng substrate produced by the proc f, preparin .

sol uti on of poly Wity T SRTICERRE ASARKALRG w0’ aly one of chadmg 17 to
ef fective amounl4gf whetraispaald scigtion dncludes fromH¥ woll0% Pyt o
reduce the Surf%&qgﬁ%%f)%o?fid%%' Gaid solids cUHptidthdEFGPY704PEQVES]E

bondi ng bet ween “sai arrie . .
by weight of poly(vinyl alcohol) having a viscosity of
5 from 5 cps to 15 cps at 4% solution and 20°C and which is

hydrolyzed to a level above 99%, from 5% to 30% by weight
of glyoxal and from 5 ppm to 0.5% of l=-octanol.
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and said substrate is achieved; and coating said solution

onsat |east one side of said 10 substrate and thereafter
cress-linking said poly(vinyl aljgahol ) in the absence of a
catal yst to provide an effective oxygen barrier thereon.

13. The structure according to Claim 12, wherein said poly(vinyl alcohol)
has a vi scosit \roESfIIGRED pyps doaTidesc paVING ENEANOEDI tBABRIER GHAXNCFERISTIA@Ad a
hydrol ysis | evel above 99% 14. The structure according to any one of
Clainms 12 or 13, wherein said iy ¢ \(FP B ' pEnol . 15. The

KBSTRACT OF 1 PRt

Thcl udes. f 1 om 5yAtD SRBRENRd R BatT I 1 B8 AT gt rom

70% to 95% by \(;:!ihﬁtra_ﬁa,pdquh rae alpmtﬂértgvftnynahv’rbeogxygeof baruﬁcas'l cps

Zbove 065 1 roE At Y %ﬁﬁﬂ%’?‘g‘?}%‘ﬁiﬂfaﬁlf*r‘%‘?-na%“ﬁ%“??%?é&‘%f

1- octéanol . which exhibits improved barrier characteristics to the
transmiasion of oxygen. The oxygen barrier is produced
by coating a solution of polyvinyl alcohol, glyoxal and
tansocactive agent onto at least one side of a substrate
adapted for receipt of such solution. The polyvinyl

10 alcohol is thereafter crosa-linked in the absence of a

catalyst to provide the oxygen barrier.




