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The present invention relates to cross-linked PVOH 
coatinqs havinq enhanc~d barrier chara~teristics and, more 
particularly, to PVOH coatin9s which exhibit improved 
processinq characteristics resultinq in cross-linked 
caatinqs providinq improved oxyqen barriers especially at 
high relative humidities. 

Poly(vinyl alcohol) ("PVOH") coatinqs have been applied 
to various substrates in the past, and are known ta provide 

a barrier to· the transmission of oxygen. PVOH, however, is 
soluble in water and therefore is susceptible to attack by 

•oisture. Various attempts have been made to decrease the 
sensitivity of PVOH to moisture. 

One known method of decreasing the sensitivity of the 
PVOH coating to moisture is to cross-link the poly(vinyl 
alcohol). For example,· a cross-linkinq agent and catalyst 
may be applied along with the paly(vinyl alcohol) such that 
the aqent interconnects and thereby cross-links the 
poly(vinyl alcohol) molecules as such coatinq is dried. 
The catalyst is present to facilitate the cross-linkinq 
process. 

u.s. Patent No. 5,380,586 discloses a polymeric substrate 
havinq a cross-linked layer of PVOH adhered thereto. The 
PVOH layer includes a cross-linking agent such as melamine 

-·· or urea formaldehyde, which is cross-1 inked in the presence 
of a sulfuric acid cat~lyst. The resultant film exhibits 
enhanced oxygen barrier characteristics, as compared to 
barrier films of the prier art. 

However, it can be difficult in the prior art films, 
includinq the film disclosed in u.s. Patent No. 5 1 380,586, 

. ! 

to ensure that the layer ot poly(vinyl alcohol) crosswlinks 
fully throughout itself. In this regard, it is believed 
that the degree of cross-linking is indicative of the 



oxygen barrier characteristics of the resultant film. 
Stated differently, poly(vinyl alcohol) layers that are 
fully cross-linked tend to exhibit better barrier 
characteristics than these layers which are less than fully 
c~oss-linked. 

The prior art films, in an attempt to achieve maximum 
cross-linking, are often dried and/or stored for an 
extended period of time. For example, it may be necessary 

.to store a film for weeks, or even •onths, before such film 
has reached its point of •aximum cress-linking. The 
aforementioned storaqe period increases the production time 
and cost for manufacturinq polymeric films havinq cross­
linked PVOH coatinqs thereon. 

There is therefore a need in the art for a method of 
providing a PVOH coating on a substrate, such as a 
polymeric film, which upon drying is substantially lOOl 
c~oss-linlted thereby eliminating or, at the minimum, 
qreatly reducinq the storaqe period. The resultant coating 
should exhibit improved oxyqen barrier characteristics and 
improved rubbing resistance especially at high relative 
hu•idities. Moreover, the resultant coating should bond 
firmly ta the underlying substrate. 

The present invention, which.addresses the needs of the 
prior art, relates to a method of providinq an improved 
moisture resistant oxygen barrier having a reduced number 
of imperfections onto the surface of a substrate. The 
lll8th0d includes the step ot coating the surface of the · 
substrate with a solution of poly(vinyl alcohol), glyoxal 
and tensoactive 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 embodiaent, the poly(vinyl alcohol) has a 
hydrolysis level of above 99t, usually 99.st. The 
poly(vinyl alcohol) is preferably a low viscosity grade 
PVOH. In particular, the viscosity of the PVOH is 



preferably from 5 cps to 15 cps (at 4t solution and 2o·c). 

Moreover, the tensoactive aqent is preferably a c, to C10 

alcohol, particularly 1-octanol. 
The present invention also provides a polymeric film 

. . . 
structure havinq an improved oxyqen barrier f irm.ly bonded 
to an underlyinq substrata. The film structure is produced 
by the process of preparin9 a solution of poly(vinyl 
a1cohol) and qlyoxal. The precess includes the further 
step of addinq an effective amount of tensoactive aqent to 
the solution to reduce foaming of the solution durinq both 
aqitation 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 alcohol) in the absence of a 
catalyst to provide the oxygen barrier. 

Xn a preferred embodiment, the coated substrate is dried 
at a temperature ot from so·c to iso•c for period of from. 4 
seconds to 8 seconds. The coatinq is substantially lOOt 
cross-linked upon completion of the dryinq period. 

As a result, the present invention provides an improved 
PVOH coating for application on a substrate which is lOOt 
crass-linked upon dryinq ot the applied coatinq. The 
cross-linkin9 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 oxyqen barrier characteristics and improved 
rubbinq resistance. The ~onainq between the barrier and 
the substrate is also enhanced. Finally, the manufacturinq 
process is facilitated in that the present coating exhibits 
a reduced tendency to foam during both aqitation and 
application of the solution and also·exbibits an enhanced 
ability to "wet .. aut" when applied to the substrate thereby 
providinq a film havinq an i•provea lay-tlat quality. 
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The films of the p~esent invention are produced by 

coatinq at least one side of a substrate with a solution ot 

poly(vinyl alcohol), qlyoxal and tensoactive agent. The 
pc)ly(vinyl alcohol) is thereafter cross-linked to provide 
an oxygen barrier, i.e., a polymeric layer which resists 
the transmission of oxygen therethrouqh. 

The iaproved oxygen barrier layer of the present 
invention may be adhered to any number of substrates, 
including polymeric films, boxboards, metallic films and 
paper. The oxyqen barrier layer is preferably adhered to a 
polymeric film such as a polyolef in. one particularly 
preferred polyolef in is polypropylene. 

To ensure that the oxygen barrier layer of the present 
invention properly ad.heres 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 ooated should have surface properties which 
facilitate the securinq ot a poly(vinyl alcohol) layer 
thereto. For example, the side to be coated may be treated 

·with a primer such as paly(ethyleneimine). Of course, 
other suitable primers may also be utilized. The side to 
be coated may also be adapted for subsequent receipt of a 
poly(vinyl alcohol) layer during formation of the substrate 
itself. For example, a polymeric substrate, e.g., 
polypropylene, may include a material such as maleic acid 
which improves the ability of poly(vinyl alcohol) to bond 
thereto. Finally, tha substrata may include a side which 
is naturally adapted for receipt or a poly(vinyl alcohol) 
layer, i.e., the side to be coated requires no treatment. 

As known to those skilled in the art, poly(vinyl alcohol) 
is typically produced by hydrolyzinq poly(vinyl acetate). 
Specifically, the hydrolysis reaction replaces the acetate 
groups with alcohol groups. The more acetate groups that 
are replaced, the qreater the hydrolysis of the PVOH. .It 

is believed tbat the presence o:f m.ore al.cohol · 
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9roups (i .. e .. , greater hydrolysis) provides better barrier 
properties. 

However, even after hydrolysis of the PVOH, a certain 
number of acetate groups remain attached to the PVOH 
molecule. For example, in a 95% hydrolyzed PVOH, 5% of the 
originally-present acetate groups remain attached to the 
molecule; whereas in a 991 hydrolyzed PVOH, 1% of the 
oriqinally•present acetate 9roups remain attached to.the 
molecule. 

Paly(vinyl alcohol) may be produced with various 
viscosities and various deqrees of hydrolysis. Viscosity 
is typically a funotion 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 weiqbt PVOB) 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 van der Waals forces develop between 
the larger-sized molecules because such molecules tend to 
aliqn themselves with one another, thus increasing the 
viscosity of the PVOH. 

A poly(vinyl alcohol) such as Elvanol 71-30 (produced by 
Du Pent) is typically referred to as a medium viscosity, 
fully hydrolyzed PVOH. specifically, the deqree of 
hydrolysis of a fully hydrolyzed PVOH is 98,. Further, the 
viscosity o.f a medium viscosity 9rade PVOH such as Elvanol 

~ 

7X-30 is 30 cps at 4t solution and 2o·c. 

Another commercially available PVOH is Elvanol 75-15 
(also produced oy DU Pont), which is a low viscosity, fully 
hydrolyzed PVOH.. Specifically, the degree of hydrolysis is 
98t and the viscosity is 13 cps at 4\ solution and 2o•c. 

Still another commonly available PVOH is Elvanol 90-50 
(also produced by Du Pont), which is a low viscosity, super 
hydrolyzed PVOH. 'l'he degree of hydroiysis in a super 
hydrolyzed PVOK is 99.5,. The viscosity of a low 
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viscosity.qrade PVOH such as Elvanol 90-50 is 13 cps at 4t 
solution and 2o·c. 

Although paly(vinyl alcohol) provides a barrier ta the 

transmission of oxyqen, it is soluble in water and 
therefore susceptible to attack by moisture. As a result, 
poly(vinyl alcohol) layers which will be exposed to 
l'ILOisture are typically cross-linked. The cross-linkinq of 
the layer substantially reduces its susceptibility to 
attack by moisture. 

However, it is often difficult to readily and 
consistently produce a poly(vinyl alcohol) layer which, 
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, followinq manufacture of the film 
to allow the poly(vinyl alcohol) layer to fully cross-link. 
This storage requirement increases both the production cast 

and production time. Xt alBo results in the film beinq 
exposed to moisture prior to becominq fully cross-linked, 
which may negatively affect the final properties of the 
film. 

It has been discovered that a formulation of poly(vinyl 
alcohol), qlyoxal and a tensoaotive agent will cross-link 
upon drying of the applied coating, thereby eliminating the 
need to store the film. This cross-linkinq occurs in the 
absence of an acid catalyst and results in an improved 
oxygen barrier, as compared to othe~ cross-linked PVOH 
coatings. 

The poly(vinyl alcohoi)· is preterably a low viscosity 
grade PVOH havinq a viscosity of from 5 cp~ to 15 cps (at 
4l solution and 2o•c). As mentioned above, a low molecular 
weight PVOH includes relatively small PVOH molecules, 
thereby providinq a PVOH foJ:mulation 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. 
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As a result, the formed matrix is resistant to the 
penetration of ox:yqen therethrou9h. 

Glyoxal, also known as ethanedial or oxalaldehyde, is a 
two carbon dialdehyde having an empirical formula C2H,02 • 

In solution, qlyoxal exists as a mixture of hydrates, 
dimers and oligomers. The qlyoxal utilized in the present 
invention is preferably an aqueous 40t by weiqht solution 
and is present in the resultant cross-linked coating in an 
amount of from s• to 30t by weiqht and, preferably, from 
15% to 25% by welqht. 

Glyoxal is a relatively small molecule, as compared to 
the PVOH and as compared to other various known cross-
1 inkers. As a result, it is believed the 9lyoxal molecules 
tend to readily "fit" between adjacent PVOH.molecules such 
that the cross-linked layer has a minimum of void space. 
It is further believed that the reduced void space enhances 
the oxygen barrier characteristics or the resultant film. 

As mentioned above, it has been discovered herein that 
the cross-linking process between the PVOH. and the ~lyoxal 
does not require a catalyst. This lack of need may result 
from the functionally active condition of the qlyoxal, and 
is si911ificant in that the typically employed catalysts 
(e.q., acid catalysts) often prove difficult to utilize in 
a commercial setting. Particularly, such catalysts are 
extremely corrosive and potentially damagin9 to the coatinq 
machinery. Moreover, the use of a catalyst significantly 
reduc•• tbe pot lite of the coating solution. 

Zn a preferred embodiment, the tensoactive agent is added 
to the solution to reduce foaminq during both aqitation of 
the solution and application of the solution to the 
substrate, The addition of the aqent to the solution also 
reduces the surfaae tension of the solution1 thereby 
providin9 better wetout of the poly(vinyl alcohol) an the 
substrate which in turn results in a barrier layer having 
an improved lay-flat quality. This reduced surface 
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tension also provides an enhanced bond between the cross­
linked coating and the substrate. 

It has been discovered that the addition of tensoactive 
aqent, particularly 1-octanol, ta a super hydrolyzed low 
viscosity PVOH such as Elvanol 90-50 provides a coatinq 
solution havinq an unexpectedly low level of surf ace 
energy. The reduced surface energy improves the processinq 
characteristics of the solution, particularly the ability 
of the solution to "wet-out" when applied to the substrate 
without formation of voids· or imperfections, thereby 
resulting in a coatinq having enhanced oxyqen barrier 

characteristics. 
In a preferred embodiment of the present invention, the 

tensoacti ve aqent is a C4 to C10 alcohol such as octanol, 
particularly 1-octanol. The octanol is present in the 
solution in a concentration of from. 5 ppm to o.s~.by 
weiqht. The octanol is dispersed throuqhout the solution 
and, at the concentrations employed in the present 
foraulatian, remain• dispersed in the solution. Of course, 
other suitable tensoactive aqents are also contemplated. 

COllllllercially suitable coating processes include a reverse 
direct qravure process and a smooth rod process. As is 
known to those skilled in the art, the qravure process 
typically produces a hiqher level of foam than the smooth 
rod process. The tensoactiva aqent reduces the deqree of 
foaming, while simultaneously lowering the surface energy 
of the coating solution. The cOlllbination of reduced 
foamin~ and lower surface energy"provides improved 
processing characteristics which result in a barrier 
eXhibiting reduced transmission of oxyqen, particularly at 
hiqh relative h~idities. 

With respect to the qra~re process, the coating solution 
of the present invention preferably includes 200 to soo ppm 
0£ 1-octanol and, more preferabl.y, 250 ppm of 1-octanol.. 
With respect to the smooth rod process, it has 



.. 

.... -9-

been discovered herein that the coating solution preferably 

includes from 5 ppm to 50 ppm of 1-octanol. This lower 

level of tensoactive aqent provides the above-mentioned 
improved processing characteristics. In addition, it is 

believed that this lower level of tensoactive agent reduces 

the likelihood that the subsequently-formed oxyqen barrier 

will suffer any negative impacts trom the inclusion of such 

a9ent in the solution. 
The solution, which is preferably aqueous, is prepared by 

addinq the poly(vinyl alcohol) to cold water, which is 

thereafter heated to a temperature sufficient to dissolve 

the PVOH. The water and dissolved PVOH are then cooled. 

The cross-l_inkin9 aqent (i.e., the glyoxal) is then added 

ta 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 tben coated on the 

polymeric substrate. 
In a preferred embodiment, the aqueous solution includes 

from 4lt ta 14• by weight of solids and, preferably, from 5' 

to lO!t by weiqht of solids. The solids content is made up 

from 70' to 95% by weight of poly(vinyl alcohol), from st 
to Jot by weiqht of cross-linking aqent and from 5 ppm to 

o.st by wei9ht 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 ot the 

solution to be increased. By increasing the solids content 

of the solution, the parcentaqe of water in the solution is 

reduced. Accordingly, the applied coatinq 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 cross-linking 

process •. Finally, this st.ability results in a lonqer pot 

lite tor the solution. 
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Particularly, once the ccatinq is applied to the 
substrate, the film is rolled throu9h a drying oven. A 
typical drying oven is 60 feet long and adapted to heat the 
film to 13o•c. The film is rolled through the oven at 
speeds of about 305 m/minute (1000 ft/minute). As the film 
r·olls through the oven, the water in the applied coatinq is 

driven off which, in turn, increases the concentration of 
the solids content. At some point (i.e., at a particular 
concentration and temperat~re), the cross-linkinq process 
is initiated. This oross-linkinq process occurs rapidly 
and completely throuqhout the PVOH layer such that the film 
i~ lOOt cross-linked by the time sueh film leaves the 
drying oven. 

The following examples illustrate the enhanced barrier 
characteristics of films produced in accordance with the 
present invention. 

•PDt.I l 
Sa11ple 1 was produced. A solution of Elvanol 71-30, 

Par~z 613 (a methylated melamine formaldehyde) and ammonium 
chloride was coated onto a polymeric substrate of 
polypropylene .75 mil thick. The solution contained 6' by 

weight of solids. In turn, the solids contained 83\ by 

weiqht of PVOH, 15t by weiqht of methylated melamine 
formaldehyde and 2t by weight of allll'l\onium. chloride. 

The substrate was -treated with a poly(ethyleneimine) 
primer prior to application of the coatinq. The coatinq 
was applied to the polypropylene substrate usinq a reverse 
direct qravure coatinq process. Specifically, the coatinq 
was applied with a 92Q qravure roll. The control sample 
was then dried and stored until the layer was fully cross­
linked, a process requirinq about 3 weeks. The film ~as 
then measured for oxygen transmission at O' relative 
humidity and 75t relative humidity. 

Sample l exhibited an oxygen transmission rate of 0.95 x 
io-• cc/cm.2/24 hr (o. 061 cc/100 ina/24 hr) at 0% relative 



humidity and 15.004 x io-• cc/cm2/24 hr (0.968 cc/l.00 in2/24 
hr) at 75t relative humidity. 

IDllPLI 2 
Sample 2 was produced. A solution of Elvanol 75-15 and 

Sunrez 740 (a cyclic amide-aldehyde copolymer) was coated 
onto a polypropylene substrate prepared in accordance with 
Examp1e 1 by a reverse direct qravure process. The 
solution contained st by weiqht of solids. In turn, the 
solids contained 75t by weight of PVOH. and 25% by weiqht of 
croas-linkinq agent. The oxygen transmission 
characteristics of the film were thereafter measured. 

Sample 2 exhibited an oxygen transmissive rate of 1.24 x 
io-4 co/cm2/24 hr (o.os cc/100 in2/24 hr) at at relative 
humidity and 12.555 x 10_. cc/cm2/24 hr (0.81 ac/100 in2/24 

hr) at 75' relative humidity. 

•DPLI 3 

sample l was produced. A solution of Elvanol 90-50 and 
Sunrez 740 was coated onto the polypropylene substrate 
described in Example l by a reverse direct qravure process. 
The solution contained at by·weight of solids. In turn, 
the solids contained 85% by weiqht of PVOH and 
approximately 1st by weight of cross-llnkinq agent. The 
oxyqen transmission characteristics ot the tilm were 
thereafter measured. 

Sample 3 ·exhibited an oxygen transmissive rate of 0.465 x 
10-4 cc/cm2/24 hr (0. 03 co/100 in2/24 hr) at ot relative 
humidity and 4.03 x 10-• cc/cr/24 hr (0.26 c:o/100 in1/24 
hr) at 75t relative humidity. 

IAKILI 4 
Sample 4 was produced. A solution of Elvanol 75-15 and 

Glyoxal 40 was coated onto the polypropylene substrate 
described in Example l ~ya_ reverse direct qravure process. 
The solution contained at by weiqht of solids. In turn, 
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the solids contained 85% by weight of PVOH and 15% by 

weight of cross-linking agent. The oxygen transmission 

characteristics of the film were thereafter measured. 

sample 4 exhibited an oxygen transmissive rate of o.62 x 

io·• cc/cm.2/24 hr (0.04 cc/100 in2/24 hr) at 0% relative 

hum.idity and 3.56!5 x 10-• cc/c:m.2/24 hr (0.23 cc/100 in2/24 

hr) at 75% relative humidity. 

IDJm.I 5 

Sample 5 was produced. A solution at Elvanol 90-50 and 

Glyoxal 40 was ooated onto the polypropylene substrate 

described in Example l by a reverse direct qravure process. 

The solution contained 8% by ~eight of solids. In turn, 

the solids contained 75t by weight or PVOH and 25% by 

weiqht of cross-linking agent. The oxygen transmission 

characteristics of the film ware thereafter measured. 
Sample 5 exhibited an oxygen transmissive rate or 0.93 x 

10-4 cc/ama/24 hr (0.06 cc/100 in2/24 hr) at ot relative 

humidity and 2. 015 x 10·• cc/cr/24. hr (0.13 cc/100 in2/24 

hr) at 75t relative hWlidity. 

ID'ILI I 

Sample 6 was p~oduced. A solution of Elvanol 75-15, 

Glyaxal 40 and 1-octanol was coated onto the polypropylene 

substrate described in BXampla l by a reverse direct 

gravura process. · The solution contained st by weiqht of 

solids. In turn, the solids contained 75t by weiqht of 

PVOH 25% by waiqht ot cross-linkinq aqent and 250 ppm of 1-

octanol. The oxyqen transmission characteristics of the 

film were thereafter measured. 
sample e exhibited an oxygen transmissive rate of o.775 x 

10~ cc/cm.2/24 hr (0.05 cc/100 in2/24 hr) at ot relative 

humidity and 4.495 x io-• cc/cm2/24 hr (0.29 cc/100 in2/24 

hr) at 75% relative humidity. 
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BDQLI Z 
Sample 7 was produced. A solution of Elvanol 90-50, 

Glyoxal 40 and l•octanol was coated onto the polypropylene 

substrate described in Example 1 by a reverse direct 

gravure process. The solution contained St by weight of 

solids. In turn, the solids contained 85% by weight of 

PV~R, 15% by weiqht of cross-linking aqent and 250 ·ppm ot 

1-octanol. The oxyqen transmiss~on characteristics of the 

film were thereafter 1Deasured. 

Sample 7 exhibited an oxygen transmission rate of 0.31 x 

10_. cc/cm.~/24 hr (0.02 cc/100 in2/24 hours) at ot relative 

humidity and 1.085 x 10·• cc/cm.2/24 hr (0.07 cc/100 in2/24 

hours) at 75' relative humidity. 

The results from Examples l-7 are summarized in Table I. 
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PVOH crosslinking 
Agent 

Sample 1 71-30 Parez 613 

Sample 2 15-15 sunrez 140 

Sample 3 90-50 sunre& 740 

sample 4 75-15 Glyoxal 40 

sample 5 90-50 Glyoxal 40 

sample 6 75 .. 15 Glyoxal 40 

sample 7 90-50 Glyoxal 40 

T02 = cc ¥. lO'/ca2/atJD/24 hr 

surface Tension • dyne/Cll 

Tensoactive Surrace 
Aqent '1'ension 

tf o -
Ro 41.3 

Ho 41_.9 

Ho 43.3 

If o 42.6 

Yes 39.3 

Yes 30.9 

~ . . ~ 
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TABLE I 

irc>2 TO:a Rubbing Rubbing 
(OtRH) (15' RH) Res(t Res. 

removed (\ 
after reaoved 
dryinq) after 3 

wks) 

0.95 15.004 95-lOOt 0 

1.24 12.555 90-lOOl 0 

0.465 4.03 90-lOOt 0 

0.62 3.565 0 0 

0.93 2.015 0 0 

0.775 4.495 0 0 

0.31 l.085 0 0 



... 

It is apparent froa the data set forth in Table I that 
the oxygen barrier characteristics of the films produced 

in accordance with the present invention are vastly 
superior to those of the prior art. Particularly, at 
high relative humidity (e.g., 75t) tbe oxygen 
transmission rate (T02 in co x io-•/cm2/24 hr) decreased 

from hiqhs of 15.004 (Sample 1) and 12.555 (Sample 2) ta 
a low ot 1.085 (sample 7). Moreover, the films produced 
in accordance with the present invention exhibit improved 
rubbinq resistance upon dryinq as com.pared to those tilms 
produced employing various prior art formulations. 
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m.JJU: 
1. A method for providin9 an improved aoisture­

resistant oxyqen barrier onto a surface of a substrata 

· comprisinq: 
coatinq said surface of said substrate with a 

solution of poly(vinyl alcohol), qlyoxal and tensoactive 

aqentr and 
cross-linkinq said poly(vinyl alcohol) in the 

absence of a catalyst to provide said moisture-resistant 
oxyqen barrier. 

2. The sathod accordinq to Claim 1, wherein said 
poly(viny1 alcohol) baa a viscosity of from 5 cps to 15 
cps at 4t solution and 2o•c. 

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

4. Th• method accordinq to any one of Claims 1 to 3, 
Wherein said tanaoaoti va agent is a c, to C10 ·alcohol. 

5. The method according to Claim 4, wherein said 
alcohol is octanol. 

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

7. The method according to Claim lr wherein said 
solution is prepared by the steps of: 

dissolviftCJ said paly(vinyl alcohol) in water and 
thereafter •ddin9 said qlyo~al; and 

addinq an effective amount of said tensaactive aqent 
to said solution to reduce the sur~ace tension of said 
solution whereby improved bondin9 between said barrier 
and said substrate is achieved. 

111111111111111111111111111111 
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a. The method according to any one of Claims l to 7, 

wherein said cross-linking step includes the further step 

of drying said coated substrate at a temperature of from 

about ao•c to about iso•c. 

9. The method according to Claim l, wherein said 

soiution includes from 5t to lOt by wei9ht of solids, 

said so1·ids c:ompriainCJ froa 70' to 95t by weiCJht o:t 

poly(vinyl alcohol) hav_ing a viscosity of. from 5 cps to 

15 cps at 4% solution and 2o•c and which is hydrolyzed to 

a level above 99%, from St to 30% by weiqht of qlyoxal 

and from 5 ppm t~ o.s, by weight of 1-octanol. 

i·o. The method according to any one of Claims 1 to 9, 

wherein said coating step is accomplished throuqh a 

smooth rod process, and wherein said solution includes 

tram 5 ppm to 50 ppm of tensoactive agent. 

11. The method according to any one of Claims l to 9, 

· wherein said coatinq step is accomplished throu9h a 

reverse direct gravura process, and wherein said solution 

includes from 200 ppa to 500 PPll ot tansoactive aqent. 

12. A polymeric film structure, CO'llprising: 

an improved oxyqen barrier firmly bonded to an 
underlying substrate produced by the process of preparing 

a solution of poly(vinyl alcohol) and qlyoxal; 
adding an effective amount a£ a tensoactive aqent to 

said solution to reduce the surface tension 0£ said 
solution whereby improved bondiftCJ between s~id barrier 
and said substrate is achieved: and 

coatinq said solution on at least one side of said , 
substrata and thereafter cross-linkinq said poly(vinyl 
alcohol) in the ab••nce of a catalyst to provide an 
effective oxygen barrier thereon. 

11111111 If llfl lllll lllll II 1111 
* C L M S * 



5 

13. The structure accordin9 to Claim 12, wherein said 

poly(vinyl alcohol) has a viscosity of ·from 5 cps to 15 

cps at 4' solution and 2o•c and a hydrolysis level above 

99t. 

14. The structure according to any one of Claims 12 or 

13, wherein said tensoactive agent is 1-octanol. 

1!5. The structure accordinq to any one of Claims 12 to 

14, wherein said solution includes from 5' to lOt by 

weight of solids, said solids comprisinq from 70t to 95t 

by weiqht of poly(vinyl alcohol) havinq a viscosity of 

froa 5 cps to 15 cps at 4t solution and 2o•c and which is 

hydrolyzed to a level above 99t, from 5l to JO\ by weight 

of qlyoxal and from 5 ppm to o.5, of 1-octanol. 

111111111111111111111111111111 
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