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PCT/U897/12463m&mh 1IfO\/ED BARRI ER FI LM STRUCTURES The present invention
relates to barrier tilmstructures and, nore particularly, to Pollif24es
films having PVOH based coatings adhered thereto for inproved barrier
properties. 5 Polymeric filmstructures are used in many
comercial applications. One particularly ipportant application is the food
packagi ng industry. Filmstructures enployed in the food packagi ng i ndustry
are chosen and/or designed tRo{EVEFER ' fﬁﬁc ary for proper
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bondi ng between a PVOH based coating and the underlying substrate,
prior art typramabagriennsopertiess priner. Mre particularly, a primer, e.g.,
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past. PVOH, however, is soluble in water and is therefore susceptible to attack by hoisture.
In this regard, various attempts have been made to decrease the sensitivity of PVOH to |
attack by moisture.
One known method of decreasing the sensitivity of a PVOH-based coating to attack
20 by moisture involves the crosslinking of the PVOH. That is, a crosslinking agent and
catalyst may be applied along with the PVOH such that the agent interconnects and thereby
crosslinks the PVOH molecules as such coating is dried. The crosslinked coating thereafter
exhibits increased resistance to attack by moisture as compared to non-crosslinked coatings.
As mentioned, a catalyst is typically added to the coating solution to facilitate the
25  crosslinking process.
To ensure adequate bonding between a PYOH-based coating and the underlying
substrate, the prior art typically employs a primer. More particularly, a primer, e.g.,
polyethyleneimine, is applied to the substrate prior to the application of the PVOH-based
coating. The use of primers, however, is not without its disadvantages. For example, the
30  use of a primer increases the number of manufacturing steps and also increases the

manufacturing cost of producing the film structure. Moreover, applications méy exist in
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absence of a prinmer. These attenpts havé included efforts to nodi fy the
surface of the 5 under | ying substrate by, for exanple, the bl ending of
vari ous cWhisbibspresence Af & primar isjthe Hlm structitre aray megativelydmpacQariimin the s d

U S. Pat eg} Nﬂgct re650, 721 discloses a filmstructure in which a coating of
PVQH i s ap[ﬁhi e 0 a mal eic acid anhydri de-nodified pol ypropyl ene substrate

and t her eaf t er The pisrt thhdsattefnptdt toaghly PVOHLHASCRREHNESR. dliﬁﬂ&%?ﬁx ifS®€
of nodified 80| ymeric _substrates is again not wthout I tps I sa vg%Haltgselg.
&

The nodi fthegPseshe ok a prmer. ; Hese attempta bave ineludedsaffortsiie mmdifiyehe mirface of the
f gct ugd gy j , tur i t of produci
The 171 m Spdetpl Sty for hER°EE HeSn R Rl SorpSnts msh as e oo o
ey negat inhyliide thpeeit. Cirtumonlyidwncd S aPiteniNG, 495505721 tigufoskB & it At ofin
or a

processsabj)jty and clarity. There is therefore a need in the art
barrier f'f"“‘ﬁ*‘ét"?ﬂ&&ﬂfj@

dnapplied to aaless acid,anhydride-modified poiypromiens

PVOH- bas ' i bstrate in the absence of
a primer e%'gtlrl;’g‘))%lIr= hﬁtgteh%%@ grs‘!r’rﬁoél | 83’ gﬁb@?#%ﬁ{hefehgﬁﬁe@ SEVEr thepsedfor based
coating shodified polipmesc fibsirhtys isaghinmos withewtdtsafisatihtaped e hy intifahish LAt €

whi | E exhi bi ti ng i.g&r oved barrier pro%ert L es and inproved rubbing

resi £ anctbe substratsincsesses thenumbenof magutactuning steps gad/or nsreasesthe manhfacawring

rel ates t@spoffRhiiid t‘ﬁ_el itch RréQure. bLGL ﬁxg[ﬂ@?ﬁ?bgﬁg V?P%@g‘g‘[g’rci&%[’itﬁaé?i ng

characteristics. The filmstructure i's pfo

at | east m;enegatieclpimmcpathymiiim chasachesistiatsachag hachirgbilisy, piacéggsagmgpmavi nyl

al cohol -vi]%n_ﬁl am ne copol yner, an al dehyde-contai ni ng crosslinking agent in
an amount®®W¥ficient to effect crosslinking throughout said copolynmer and a

catal yti cal | y-Fefes thetford PHEN i thetarffoP 3 Batritk MY s QIR Ah APt AnLSt

15 application of a PYOH-based coating to a surface of a polymeric substrate in the absence of
a primer and/or use of 2 modified substrate. In this regard, the PVOH-based coating should
adhere firmly to the surface of the underlying substrate, while exhibiting improved barrier
properties and improved rubbing resistance.

The present invention, which addresses the need in the art, relates to a polymeric film

20  structure having improved barrier characteristics. The film structure is produced by the
process of coating at least one side of a polymeric substrate with a solution of a polyvinyl
alcohol-vinyl amine copolymer, an aldehyde-containing crosslinking agent in an amount
sufficient to effect crosslinking throughout said copolymer and a catalytically-effective
amount of a crosslinking-promoting acid catalyst.

25 In one preferred embodiment, the copolymer includes from 2% to 20% of vinyl
amine, and preferably 6% to 12% of vinyl amine. The aldehyde-containing crosslinking
agent is preferably selected from the group consisting of melamine formaldehyde, urea
formaldehyde and glyoxal. The crosslinking-promoting acid catalyst is preferably selected
from the group consisting of hydrochloric acid, sulfuric acid, phosphoric acid and acetic acid.

30  Finally, the coating solution is preferably coated on the surface of an unmodified polymeric

substrate in the absence of a primer layer therebetween.
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It has been discovered that a coating solution of polyvinyl alcohol-vinyl amine
- copolymer and an aldehyde-containing crosslinking agent in the presence of a catalytically-
effective amount of a crosslinking-promoting acid catalyst will adhere to an underlying
20  polymeric substrate in the absence of a primer layer therebetween and without the use of a
modified polymeric substrate. Stated differently, the need for precoating the surface of the
underlying substrate with any of the various known primers (e.g., polyethyleneimine (PEI))
has been eliminated. Moreover, this may be accomplished with an unmodified polymeric
substrate, i.e., a substrate formed from a polymer which has not been modified by the
25  blending of various components therein in an effort to improve the surface bonding
characteristics of the resultant extruded film.

Thus, the aforementioned PVOH-based coating solution may be applied directly to a
surface of an unmodified polymeric substrate. This then eliminates the additional
manufacturing steps required in the prior art, thus reducing the manufacturing cost of the

30 film structure. Moreover, the removal of the primer and/or modifier components from the
film structure allows such structure to be used in a greater variety of applications, while also

permitting greater manufacturing flexibility.
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15 Cymel 350, Cymel 373, Parez 613, Parez 617 and Parez 707, available from American

Cyanamid Co.

To promote and facilitate the crosslinking of the polyvinyl alcohol-vinyl amine
copolymer, a catalytically-effective amount of a crosslinking-promoting acid catalyst is added
to the coating solution. The acid catalyst is preferably selected from the following acids:

20 hydrochloric acid (HCL), sulfuric acid (H,SO,), phosphoric acid (H,PO,) and acetic acid
(CH,COOH). The pH of the coating solution is preferably maintained within the range of
from 1 to 6, and more preferably at a pH of 2 to 4.
The coating solution includes from 60% to 95% of the polyvinyl alcohol-vinyl amine
copolymer, and more preferably from 70% to 80% of the polyvinyl alcohol-vinyl amine
25  copolymer. The coating solution further includes from 2% to 40% of the aldehyde-
containing crosslinking agent, and more preferably from 15% to 30% of the aldehyde-
containing crosslinking agent. Finally, the coating solution includes from 0.1% to 10% of
the crosslinking-promoting acid catalyst, and more particularly from 0.5% to 5% of the

crosslinking-promoting acid catalyst.
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15 The following examples illustrate the enhanced barrier characteristics of films
produced in accordance with the present invention.

EXAMPLE
Samples 1a to 1e were produced as described below and measured for % crosslinking
(after 1 hr. off line) and TO, (cc/100in%/24 hr. @ 100°F and 90% RH) and set forth below.

20 The polymeric substrate used in each of Samples 1a-1e was an oriented polypropy-
lene film having a thickness of 1 mil. The polypropylene substrate was corona treated
whereby the treated surface exhibited a surface energy of 38 dynes.

Samples 1a-1c employed a polyethyleneimine primer, while Samples 1d-1e were
produced in the absence of a primer in accordance with the present invention.

25 The coating solutions were aqueous solutions of PVOH (ELVANOL 7130) or
PVOH/VAm (6% VAm) as identified below, melamine formaldehyde (Parez 707) in the
amount identified below and a phosphoric acid catalyst (H,PO,) in an amount effective to
adjust the pH of the coating solution to approximately 2.5. The coating solutions were

applied at a coating weight of 0.4 g/msi.
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The coati ng solutions were applied at a coating weight of 0.4 g/nsi. WO
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properties are comparable to the bamer properties achleved in the prior art film structures
(e.g., Sample la), but are achieved in a film structure which does not employ a primer layer
15 between the surface of the substrate and the PVOH-based coating and does not require the
use of modified polymeric substrate. The PVOH-based coating of Sample 1e adheres firmly
to the underlying substrate as measured by wet rubbing of the coated film structures.
Moreover, the film structure of Sample 1e exhibits a high degree of crosslinking (98% after 1

. hr.), thus reducing the drying and/or storage time required to achieve maximum crosslinking.
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am ne. 4. from2%itb 20% ofdnyliaminaccording to Claim1l, 2 or 3, wherein said
al dehyde- containing crosslinking agent is selected fromthe group

consi sting of nelam ne formal dehyde, urea fornal dehyde and gl yoxal . 5.

The filmstructurg acceygdiigsthRulkatdBrding fo Blaim 2MMRER I SaRPPofyntt Tcnites 29;

t012% of vinyl amine.

4. The film structure according to Claim 1, 2 or 3, wherein said aldehyde-
containing crosslinking agent is selected from the group consisting of melamine |

formaldehyde, urea formaldehyde and glyoxal.

5. The film structure according to Claim 1, 2 or 3 wherein said crosslinking-
promoting acid catalyst is selected from the group consisting of hydrochloric acid, sulfuric

acid, phosphoric acid and acetic acid.

6. The film structure according to Claim 1, 2 or 3 wherein said solution has a pH
level of from 2 to 4.
7. The film structure according to Claim 1, 2 or 3wherein said solution is coated

on said substrate in the absence of a primer.

8. The film structure according to Claim 1, 2 or 3 wherein said solution is

agqueous.



pronoting acid catalyst is selected fromthe group consisting of

hydr ochl ori c aci d, 1l i sphoric acid and acetic acid. 6.

The fil myad bareday € jmmunmjmlmu]"mﬁ] 1, 2 or 3 wherein saicng@hiiideon has
pH level of from2 to*4.©7 " The Yilmstructure according to Claim1, 2
or 3wherein said solution is coated on said substrate in the absence of a
primer. 8. The filmstructure according to Claiml, 2 or 3 wherein said
solution is aqueous. WO 98/ 04411 8

PCT/ US97/ 12469 8 9. The filmstructure according to Claiml1, 2 or 3
wherei n said 9ol ut iThe filmslructes: docandingGecCisimSN% af3 whedincaRDdotithn indlide® 15%

to 30%of said crosslinking agent and from 0 5%to 5% of said acid

cat al yst fromp70% tqR@¥%sqf|said copolymgr. drom L% de 3074 of seideresslinking ggers angh frost n
said at b%a/?i%o oe rhidGcif cafistl POl yneric substrate is subjected to a
surface treating process sel'ected fromthe group consisting of corona

di scharge and flane treatnent. 11. The film structure according to Claim

10, wherein said suilf %fe treated side e i.bi{s2 a surface energy of from3 5
to 45 dynes. 10.  The film structure according to Claim 1, 2 or 3 wherein said at least one side

of said polymeric substrate is subjected to a surface treating process selected from the group

Q

consisting of corona discharge and flame treatment.

11.  The film structure according to Claim 10, wherein said surface treated side

exhibits a surface energy of from 35 to 45 dynes.



