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PCT/ US97/ 13392 HERMVETI CALLY SEALABLE FI LM
AND. VETHOSGIB/10¥29] NG Thé" present i nvent PCR/USBY/EB%S t 0
the art of packaging using multi-layer filns, and, in particular,
to a new conposite nulti-layer filmfor providing hernetic seals to nmulti-
| ayer fil m packages. In certain cases, plastic filnms can
be prepared which excl ude noisture mt the
passage of light. In JfERER 155@2%8??{%@%3@%0%}3&@ ent |ight
from passing through the filmbarrier. Barrier properties can

al so be nodified and/ or enhanced by treatnments such as heat and

flame treat ment ThepRednt fiveatidntrelteaab thegst of PiRRhgRG using multi-layek filwi{ BRI S,
hal ogen treatnent, -violet |ight, and conbi nations thereof.

A prinmary indactiguiars tora peseqrpasie multi-layerefimefpe proyiding hermetic seals to mpltiekagi ng

Is to 10 sure they can be processed on high speed formfill/seal
machi nery.la%r@fﬂ#%%al package apparatus operates by unw ndi ng
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hi gh- speed unrol |i ng. an olding are,the prijmary concern. An
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however, is the ,%#rs, ok aedid Yufih-1 lastic fil fb?pﬁ?k'%& Lrer it is
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("HFFS') aemburecthey cal bef mroodsted dn el speed WorRefill/sea) machinery. Fopm/fill/seal i ncl ude
seal ing functions at various stages,of the pac L N ogess .and.at hi gh
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al ong t he Jbus, she fiimypust have/sufficieny flexibility topundegor thashinel foldinghfrom a flat
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schematic a%qlﬁhbiﬁ_iﬁg 25 %éScPQIF t?ixg gﬁ%@g%e}f ho@ewf/ér,nxs %ﬁé‘ﬁbxﬁ& tg %ﬂ’e&iv%@ seal

the pouch after it is filled with the product.

Today, horizontal form/fill/seal (“HFFS™) and vertical form/fill/seal (“VFFS™)
20 apparatus include sealing functions at various stages of the packaging process and at high

speeds. In an HFFS apparatus, individual pouches are formed by folding the multi-layer

film in half followed by providing vertical seals along the length of the folded web and

separating the pouches along the seals formed by vertical sealing. (Optionally, the

bottoms of the pouches can also be sealed). After the formed pouch is filled, the top of

25 the pouch is sealed.
Similarly, in VFFS apparatus, the continuous web is formed around a tube and the
web is immediately joined together by a longitudinal sealing jaw as either a lap seal or a
fin seal. A lap seal is depicted schematically in Figures 1 and 1a. A fin seal is depicted

schematically in Figures 2 and 2a.



- 2- A second sealing function is present in a VFFS
configuration which consists of a conbi nati on top- and

bot t om sealwp®sagmwbi on (with a bag cut-off=device in betweenperieizon
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form ng tube while the bottom portion seals the top of a filled
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adhesi ve  good seal strength.

' Additionalily, it is also desirabie to provide seals which can be readily opened by

(44

the consumer without creating a “z-direction” tear. A z-direction tear is one which

causes the disruption of the integrity of the multi-layer film when the film is puiled apart
25 at the seal. Figure 8 depicts a z-direction tear. A z-direction tear is one which does not

simply separate at the line at which the seal is formed. Instead, the separation extends to

layers of the film which ripped along the layers thereof and not simply delaminated one

from another. As a result of z-direction tears, it is difficult to reclose such packages to

maintain freshness of the contents. When z-direction tears can be eliminated, packages
30 are easily refolded and sealed by a mechanical means such as a clip imposed over the

folds of the once-opened package. Z-direction tears can result when the adhesive



- 3- properties used to seal the package create a tensile
-strength greater than that required to di srupt the integrity of
one or nuwesiomde | ayers of the filmweb. Tt is desirabl PQRUSIT13392
produce a package which will separate along the seal during opening so that

t he package can be easily reclosed and secured agai nst passage of
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with the ability to inprove total package barrier, by elimnating
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I nventi on;
20 formed on a vertical form/fill/seal apparatus and joined by a lap seal;

Figure 1a is a schematic cross-section taken along line a-a of the package
depicted in Figure 1 wherein the lap portion of the seal is exploded for illustration;

Figure 2 is a schematic representation of a package formed on a VFFS apparatus
which includes a fin seal closure;

25 Figure 2a is a cross-section of the package shown in Figure 2 taken along line a-a

wherein the fin seal is expioded for illustration;

Figure 3 is an oversized schematic of the seal formed along the bottom of Figure
2 and shown from the view provided from line 3-3;

Figure 4 is a schematic representation of the view depicted in Figure 3 in which a

30 seal has been made of a film prepared in accordance with the present invention;
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Figure 5 i gerated cross-section of a nulti-Ilayer fiﬂ(ﬁ‘h%& din
accor dancem&??{%zg present invention; Fi gure ?Igﬁg SO a

schematic representation of a cross-section of a preferred film
formed in accordance with the present isvention; 5 Figure 7
i s anot her schematic representation of a cross-section of a preferred film

formed in accor dFjgpe $iié in bXipgeratdensssissotidntof@muiti-layer film preparedin  Fi gure 8
is a schematic representation of a nulti-layer filmwhich exhibits z-
di rection t @egordaneg with the present invention; Fjgure 9 is a cross-section of a
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seal jaw teeth. present 1 nvention |

filmfor foférnid if atdGRdare At the prestinvegtion; and a net hod of

I nproving the seal characteristics of nmulti-|layer filns which are

her mefi cal |y sealFigire 7iis anpthst sohematic represeitatip R A frassssection of ajpreferred filmyi de
a hernetic . : frommulti-layer filnms, care
must be takg?\"‘fegIB%#Q%{%@%%?E’S&%A&BM medi um whi ch acconmopdat es t he
nature of the barRigwe 8fis b Bthenetic represehmtipmokamalti-layer. film which exhibits z-

nodul us or siiffness, thickness, adversity to tenperature and pressure

i nposed und ontear; and seg| j ng conditions, etc. "Hermetic seals" as used

e eane O e gD h Erdiection of 8 portidH{ VGRS vAREH depllid B sREFRAAC

gl
hernetic barrier opertires, i.e S not perm't passa
gas d0ch as dimensiohof seal jaw teeth. "Multi-layer film as used in the

present applicatign neans, a film having note . t han ope | ayer of
Mt er i al which T OHYRPTENEE MVRRIONS B Al eI fop forming hariaetic ppafion packages
known t hat %afi%étﬂocpenrﬁgaramg eEsehi dRmactefistios OF hufliaybOfilms SehitiNargackagi ng,

in order to provide additional barrier properties, it is also
known t o ovdefrastically seaiable indiighpspeey packaging machines. Injartersd providemherimegier s of

pol ymers and/ qr, other agdditives. Such filnms can be prepared by, 25
coext r usi on tpmc%g °ﬁ§?§}@“§ﬁ"ﬁ¥ﬁf %5&9’9‘,’?‘8&%{}“&???{%"9@%@
subsqguent |Ashid which accommodateS ¥ fiSure OF tHRYbafiitd il bsed AR R YadcRike, D6, its
conbi nations thereof Miulti-layer filns of the present I nvent 1 on

i ncl udes t hanedulus or stiflipess; thicknesseadversity to tempeeatureand presturgiimposed under
Tventi on c SVRPESRDURRRS st aremiue Sl o iyl s P BEE Pedaiennd (1)) 2"
seal ant | ay@inpédlable seals whithpeé\ide RetthetiOPfiér fropértiss, I8, Hoés dotipethit pisdhge
conprising ( If)p an internedi ate |ayer

of a gas such as air.

20 “Multi-layer film” as used in the present application means a film having more
than one layer of material which forms the final film product. For example, while it is
known that oriented polypropylene (OPP) is excellent for use in packaging, in order to
provide additional barrier properties, it is also known to overlay oriented polypropylene
with additional layers of polymers and/or other additives. Such films can be prepared by

25 coextrusion of two or more layers simuitaneously, or by extruding subsequent layers in
series, or by coating, laminating, or combinations thereof. Multi-layer films of the present
invention includes the entire web structure as it is used for packaging.

The multi-layer films for forming hermetic seals on packages of the present
invention comprises two components, (a) a main film substrate and (b) a sealant layer

30 adjacent and bonded to the main film substrate comprising (I) an intermediate layer

bonded to said main film substrate and having sufficient flow property under sealing



bonded to said main filmsubstrate and having sufficient flow property

under seal i 9 -

-5- WO 98/10923 ndi t i ons to deform and conply with all uBGHVEF13WAce

bet ween sealing jaws during sealing; and (ii) a sealing |ayer
bonded to said internediate |ayer to provide a seal under seal i ng

conditions; and (c) a conposite structure of said main film and said

seal ant | ayet,. sych that. sajd Lhternedi ate | ayer has a .conmposition
di fferent %ﬂéﬂ"%"d’eggﬂﬁ @Hé"’f"g _e‘?"tli al an_upedes"_e G #’_‘%’ﬂ&’sgﬁ’ﬂg seal ant
l'ayer has sféﬂfn?l ﬁiﬂﬂ?}a%&ﬂiﬁg RgeShdnded €4 Sdid fieritediat®layérQolprb Gl £ S&l under

of said main Tilmsubstrate’to elimnate tunnels being formed during

seal i ng wiseslingyconditions; and () @rcomppeitesssmicturg of sgid mainfiltandsgidsssalantigyer

The i nventors..have, di scovered that wh . TBkR i substrate.is ,orovi ded
wth o sabifuafig frapdElavet His RRPoRi e Berer o 183 vieg vis
primarily caafpositieA dnd shid|skdidd: 14y8€haf suffitient thiclkrees ingelatiomtliptedheé tiickness
functions, inperfections in hernetic seals normally associated with

hi gh- s pee®fsait maim Glongibsgate ao eliminatertunnels baing fosmed tpring seqling whenehy nat ed.

Speci fi caly] ; seal .l ayer"” is provided to a main film
subst rate.heﬁ%tﬁzssggllsgﬁe[fopg@degurﬁg%g%l\ll@. conponents, an internedi ate
|l ayer and a sedftieigvéntors haveldiovéred eliateetientaandia filth subbtriateis ptavided with a
neets the requirement of "conpliance" thrg%gho.ut the vol une _between the

surfaces @palant layer hajag two sePRER CURPAfIERH. gngd o flilhengsofjur i ng
th i L Ol " coal | . aver.” d.
P e 4 o i e s A i

adhesi on thigiespeed Sl packagingicka baeffedieelyiang effiviently dlimivateds eSpetifigaliypadi t i ons
i ncl ude bqth ,. high tenpergture and essure i nposed on the seal ant
| ayer, bo'? mealant layer'dis peayided do p A i nibsirate. p‘éﬁ(f"‘#‘ﬁ%’ l%’@&?‘%‘g"q ayer will
parti ci patgni : ) f : ITHR. ¢ ' )

Boigonbitt hnGhielmiial By b hd'd Raknd jer. ITHE m&%gaalag@a@; Phithatily

adhesi on. ver, the primary function o I nt ernedi ate
provi de  meets the requirepientofCeomplidnee’t throyghiontithe vohapeobetiveer the surfices o€

hal3 nt or AEtigEP 85 Bk sRee phrieiia sppRcHS Eins i S Bppctn. g seaimg |

seal i ng | a¥fér”, on the other hand, primaril H&zs&ﬂék&jziﬁrehﬁuﬁéf rdviling ighskrfobmbiiée I N
film subst rge sucﬁot ﬁgtant hgminnt%rrredi ate 25 Iﬂayer |gs ad] acent to and

bonded di ragibesign uader bealing conditidnn Heptng i rindithitseaiing copditionsjintingeboth
Compt) andieh {efmeftiu 3 BRFRSy Hidef pott seSRRL ARy bMThs eermrtinsatiyer,, o
be easil|y and the sealing Ryt will paficipatd maotly ofiieQedling fhsttiohs, li.e2REmpRatceaRyt 0 t he

entire space between the sealing ) .surfaces of a sealing jaw.
Seadd ng | sadbesiom Hpwevarothe pomary fupeins ofithe intermepiagedayerdsito provide

compliance while the primary responsibility of the sealing layer is to provide adhesivity.

Thus, the composition of the intermediate layer is different from the composition of the
sealing layer.

The sealant layer is provided to the main film substrate such that the intermediate

25 layer is adjacent to and bonded directly to the main film substrate while the sealing layer
overlays and is the outermost skin of the sealant layer.

“Compliance” in the context of the present invention means the ability to be easily
and non-elastically deformed to fill and conform to the entire space between the sealing
surfaces of a sealing jaw. Sealing jaws can operate from a temperature of from about

30 120°C to about 190°C, and normally are imposed on a film packaging material at a
pressure of from about 120 psi to about 180 psi (about 827.4 kPa to about 1241.1 kPa).



30 120[err]C to about 190[err]C, and normally are inposed on a film

packaging material at a pressure of from about 120 psi to about
180 psi (aMR98/B9P 4 kPa to about 1241.1 KPa). PCT/US97/13392

- 6- Sealing jaws can be flat, or, in nmany cases, are
provided with teeth. In Fig. 9, a section of a sealing jaw 90
having teeth 94 is schematically depict6d in perspective. The ] aw
90 is fornmed with teeth 94 having tooth width W A conplenentary jawis
used in Sealingjjaws candre flat.t dr, inamard(rases, ateprovided pathideeth. ThEig oc4 h

nmesh with the.val Leys 93.of e .| aw. . The r.f aces,of the jaws cl ose
T the. soal PHOROLR SRS i oD%V foeth 24 s schematically fleiGR] in perspecite The
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between the _surfaces nmust be conpletely filled d ng seali ng.
These are t benjunntion withgawi ¥gsoabatthe peaksof the teeth meshuwith thewnilleps 931of the jaw.
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non-interrupted mass throughout the 15 space between the sealing

surfb®es.  without leaving a void.” Ths|igtenmegdiate layermust; hesufficiensly dhick sueh thats s ar e
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conponent f sealihg faw. "The B iprdrerivay elie intermediate! Iayer das bé Sudhthyshid ene i s
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i ntermedi ate | ayer, can al so have a co nent selected fromthe group

consi sting of $°'Y°t yleng, And 11350 \%‘B@"@é’: epntempplated for usedndhes and
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20 Linear iow density polyethylene used in the intermediate layer can be used alone or in
combination with other components such as a random copolymer of ethylene and
propylene or a random terpolymer of ethylene-propylene-butylene (EPB). The
intermediate layer can also have a component selected from the group consisting of
amorphous polyamide (e.g. nylon), ionomers and mixtures thereof,

25 The sealing layer of the sealant layer, in turn, has the primary responsibility of
providing adhesivity. Thus, sealing layer components should be selected based on their
ability to provide good adhesive seal strength, i.e., adequate tensile strength of the seal.
Inasmuch as the primary function of the sealing layer is that of adhesivity, the thickness of
the sealing layer is less than the thickness of the intermediate layer. It has been found that

30 polyethylene homo-, co- and terpolymers, amorphous polyamide (e.g. nylon), ionomers
and mixtures thereof are useful. Specific components include ethylene-propylene random
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adhesivity, the thi Jﬂqus H the sealing layer is less than the
t hi.cknessvo98/14929 i nx er e %_ é‘%ﬁéﬁ“ It has” been found thaRCIAEI13392

pol yet hyl ene hono- ,&ca- ol yngrs, anorphous pol yam de (e.g. nylon),

| ononer s and m xtures thereof are useful. Specific conmponents
i ncl ude et hyl ene- propyl ene random  =7- F- 7869
-7- copol ymers, ethyl ene-propyl ene-but ene random
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ages WWhstrateta easyre spmpliance and @tﬂrunﬁgﬁﬂg’tﬁf e-to-surface contact of thef | m

even aftegﬁaﬁgguyg,g Tunnel s al so occur at the convergence of nulti-I|ayer
filmat a 15 seal area. (See tunnel 37 at Figure 3). Wen
the mul ti-| ayeGeherally,ithe film which,is bverlappetiin teing folded or bent backdhmsdﬁd at the
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| ayer thickness nust al be I ncreased to ensure onpl i ance
and® sur f aseal areas (Séetupnel dﬁtat ﬁwm?) When the pulti-layer film is thinner, ﬂkeaumehs mm
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[err] dimension of the tunnels Ydiﬁ&%@ by bends and convergence. Thus, as the thickness of the

muiti-layer film increases, the sealant layer thickness must also be increased to ensure
compliance and surface-to-surface contingency. _
20 The minimum thickness for any multi-layer fiim can be found by solving for S, in

the mathematical relationship set forth below wherein
3 215 LW G 1.2
So — t
"96 J{ L+W

S, (cm) is said sealant layer thickness,

wherein,

t (cm) is total thickness of the composite structure,
25 G' (dynes/cm? (mN/m?)) is the storage shear modulus of said seaiant layer
(G' is temperature and rate dependent)
T (dynes/cm? (mN/m?)) is applied compression stress on a seal jaw,
L (cm) is jaw seal length, and

This Sheet Has Been Replaced

(T




S[err] (cnm) is said sealant |ayer thickness, t (cm
Is total thickness of the conposite structure, 25

(dynes/ cni ayplsasdbnierr])) is the storage®shear nodul us of mEEUssIAsdsant

| ayer (G is tenperature and rate dependent)
T (dynes/cnferr] (mN'nferr])) is applied conpression stress on a seal jaw,
L (cm is jaw seal length, and -8-

- 8- W(cm) is a seal tooth w dth. The thi ckness
of the conposite Wgéiﬂ)txblaeeaﬂtooth&nﬂthe t hi ckness found after ‘all |ayers of
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formed by codhe thickness afithe gemposite structuss 5 is the tmmss found after alklavens ofithen one
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seal ant | ayer, | Q%R f
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draw ngs, t hm&m&m@mmabomgmm about 60%ofithickness nf theromposite to

| ap seal and fin seal packages. Figure 1 is a schematic representation of a
package 10 structure. forned by closing a nulti-layer filmby a lap seal. A

muti-layer 1M Wit B fheSR8int layer thasbc%h%&ﬂth&tﬁ@immgsmﬁgage 10 by

j oini ng web edges at an over ap 13. ure lais a
cross- sect i orintenhedi®t layeois frony abmut 1 6%eto 2boun90% m:é tlmta:cknessuog thecsealantlaysn,

;gg\ﬁggeh?s Zgl"é’g 'ﬂgﬁf&/&%&g‘p&gg‘ ‘Eog/l"%é éﬁg‘ﬁgﬂ/tg ﬁhﬁh}g g"f ﬂ%&‘ é%qﬂﬁ éi“ Zlh'?her
e 5P o2 A SAr e Gif, Wi s clgnel gshgany
17" of seal s tbdamsedi drfd fin seal packages. Fxgure 1 is a schematic representation of a package 10
formed by closing a multi-layer film by a lap seal. A muiti-layer film web 14 has been
closed to form the package 10 by joining web edges 11 and 12 at an overiap 13. Figure
la is a cross-section schematic of a view taken from line a-a in Figure 1 which shows the
20 overlapping relationship of the edges 11 and 12. The package is also depicted
schematically as being sealed at either end by top seal 15 and bottom seal 16. This type
of package is formed on a VFFS apparatus and tunnels will be formed in the ends 16" and
17’ of seals 15 and 16.
Similarly, Figure 2 and 2a depict a package formed on a VFFS machine by the
25 formation of a fin seal 25. The fin seal 25 is formed by web edges 21 and 22 together and
bending the joined ends back towards the package at bend 23 to form the fin seal 25.
The package is also depicted as having end seals 26 and 27 at the top and bottom thereof,
respectively.
In order to clearly depict the phenomenon of tunnels formed during sealing,
30 reference is made to Figure 3 which is an oversized end view of the fin seal package
shown in Figure 2 and taken along lines 3-3. From this end view, the fin seal 35 can be



Simlarly, Figure 2 and 2a depict a package fornmed on a VFFS nmachi ne by the

25 formation of a fin seal 25. The fin seal 25 is formed by web edges
21 .and 2wWa9sgeser and bendi ng The joi ned endsPEHERI¥1I3I®r ds t he
package at bend 23 to formthe fin seal 25. The package is al so
depicted as having end seals 26 and 27 at the top and bottom t hereof,

respectively. I n or'(?er to clearly depict the phenorrenon

of tunnels forned during seali ng reference is made to Figure 3
which is acpwépgmdew jeiningadges tamohéz ardhbending the jainggeportion thereof at bgndwn i n
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Fi gure 4, qQﬁp
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Fi gure 3. Speclﬁcally, theSdges cif naﬂxlhylavdrlﬁknddgaad 4Q@fhave bedntjoinedvamd lappédibatk and 42
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seal found si de bends 44 and 46 have been conpletely closed.
Si mil arl y,atiside bemdw@rgldmﬁdla&é’ bexn completely closedhe Similariy, the genvergénce 83 of or m t he

conver gends TRy G 1arm i i scal ool iR i o foppetdegivid

struct ur al conférgbhcesyhh Pigeke 81 | M8 prepared according to t he
present invention in its nost basic aneCt Is schematically depicted. The
corfdosi te Referringtto Higuee & the strecturabrolationship of Algnscpreprred ageording toThe

conposite ruct udes at i. t wgen t he eal ant

ayer 54 A PSR veRtc e prsic asmeqtja s Hepicha! i bombosiy 1 01
to ensure spRictiuré 52 §55NBIh A0 GEViRY a BHilElreks © TR conffositéRelichire iAcldes a53, and 20
ii) sealing by sealing |ayer . The main filmsubstrate is _sinply depicted

as havi ng rglationship betweer tg sealast dayen i andstheapain flm sybstryptedsyendbivthidnial | ayer

In i tssg@éi’mt to Ens]ﬁf’egwtﬁf)tc%H ‘ﬂgncel tgveoperanon of u%tergly ﬁ% &9Pesat e

structure can 1 nclude xanp orien opyFene whi ch
20 it) sealing by sealing layer 55. The main film substrate is smpiy deplcted as having at

least one layer 58 and possibly an additional layer 57. In its simpiest manifestation, the
overall composite structure 52 can include, for exampie, an oriented polypropylene which
makes up the entire main film substrate 56. Optionally, an additional high density
polyethylene (HDPE) can be provided as a layer 57. The intermediate layer 53 can aiso
25 be, for example, a single component, such as linear low density polyethylene, and a
sealing layer 55 can be composed of an ethylene-propylene-butene EPB random
terpolymer as the sole component.
The main film substrate of the present invention can be those single or multiple-
layer films used in the art of packaging in order to provide simple or enhanced barrier
30 properties for maintenance of package contents. For example, the substrate can include

one or more layers selected from the group consisting of oriented polypropylene,



makes up the entire main filmsubstrate 56. Optionally, an additional high
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structure 60 sycdpg d&%mﬂ&%las 220k86to TakeH ettal. AidiJapanése Kokai Nel n [{989p
substrate 66. Thé seal ant |ayer 62 includes a sealing |layer 61 which is a 5

gauge (1.27 1#6a@0¥hs) | ayer of an ethyl ene-propyl ene-but ene random copol yner
sol d

H

Figure 6 depicts a composite structure 60 which includes a sealant layer 62 and a
20 main film subst\;ate 66. The sealant layer 62 includes a sealing layer 61 whichisa §
gauge (1.27 microns) layer of an ethylene-propylene-butene random copolymer sold
under the trade name Chisso 7701 by the Chisso Chemical Company of Japan. The
intermediate layer 63 is a 20 gauge (5 microns) layer which includes a combination of a
linear low density polyethylene LL3001 sold by Exxon, and the terpolymer Chisso 7701
25 terpolymer in a ratio of 70:30 LLDPE to EPB copolymer.
The main film substrate 66 is a high barrier film which includes a 62 gauge (15.9
microns) thick oriented polypropylene layer 65 provided as polypropylene homopolymer
Fina 3371 by Fina Oil Company. Immediately adjacent the oriented polypropyiene is
provided a “tie” resin layer 67. The primary component of the tie layer is an anhydride
30 grafted polyproylene provided by Mitsui under trade name Admer QFS00A. The
anhydride grafted polypropylene has a meit flow of 3.0 grams per ten minutes and a



under the trade nane Chisso 7701 by the Chisso Chem cal Corrpany of Japan.
.The internediate layer 63 is a 20 gauge (5 mcrons er V\/m ch
i ncl udeswo gsmebinat i on of a linear |ow density B%T’%r’ W’r%}

LL3001 sol d by Exxon, and the terpolynmer Chisso 7701 25 ter polyrrer in
a ratio of 70:30 LLDPE to EPB copol yner. The main film
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this enbodi nent, the additiona] barri r t hyl ene-vi nyl al cohol
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I nternmedi ate Tayer, "I urn, 1s 80% of the thickness of the sealant |ayer.
Anot her exanpl e&n&haehmgblekmﬁar}ugirba’rnmﬁlwwwhwimblﬂletmesqm investioniqaudat i on can

be used js. describ once agajn in r e.lo ure.6. In this
enbodi mensed i§dessaibed qpce aga‘“ rin regrq"ﬁf/g"ra#@imnés lglftﬁf e gg'r%enﬁéﬁ YRURE 2ng sane
gauge as 'l@&@?:soéﬁﬁégﬂﬁeﬁ%iéﬂmﬁxdsm@giﬁgeasmt revidBsbandid apiy 63 has the

sane conposition, but I1s a 35 gauge 9 mcrons) |ayer r at her
thdf a 201Wx¢télayec6bh®)th¢a¥mcowlm buitiea 35@9&6@%@%&@? 65 has
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layer 67 anpmelcBbmpasiton a9mahe pavious l’exixﬁple,rbuﬁ& dfmgauge( 12mlcrons) ratheptian
conposition and di nension as in the previaqus exa In this second

pr ef er r ed 620gauge (15.7 grdrous)ndive tietlayer ﬁ@ and rf@r@ﬁlxtiﬁn@}fbmré layer 6% hevethef t he

s_eal ant | SR ctorCr)lpE)s't}? off S & %{ehﬁon as in the previous example. In this second preferred

20 embodiment, the relationship of the thickness of the sealant layer to the composite
thickness is 40%. The intermediate layer forms 87.5% of the thickness of the sealant
layer.

Another embodiment of the present invention includes the use of metallized high
barrier films. This embodiment is explained by reference to Figure 7. The sealant layer

25 72 includes a sealing layer 71 and an intermediate layer 73. The sealing layer and the
intermediate layer can have the same properties and be in the same proportion and having
the same dimension as described above in the previous examples.

The metallized high barrier main film substrate can include a polypropylene
homopolymer core 75 followed by a tie iayer 77, another barrier layer 78 and a metal

30 layer 79 which can be of the same or similar materials and have the same dimensions as

described above in the previous high barrier examples. The metal layer 79 can be
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56 havi ng an \irggiigsio Lm&mpbgn&r |Fma837$$rdiki e Rid0il Corporation. UShe'QPP
pol ypr opyl ene hormpg?y?rbgr Fina 3371 fromthe Fina Q Cor;l)%ratlon The OPP
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The |nterrred|M6211 frgay Okythems provi ded as a 25 gauge (6.5 nicrons)

t hi ckness of a cqnbi nati_on of gear | ow density pol yet hyl ene,
LL3001 from Exxon, Theigtermediate layer 53 was provz d as a 25 gauge (6.5 microns) thickness of

a combination of linear low density polyethylene, LL3001 from Exxon, and EPB

terpolymer, Chisso 7510, at a 70:30. The high density polyethylene, polypropylene, and
20 the linear iow density/EPB biend were coextruded.

The coextrusion was oriented in the machine direction followed by extrusion of a
sealing layer 55 of EPB random copolymer, Chisso 7701 provided by the Chisso
Chemical Company of Japan. This layer was provided in a 10 to 20 gauge (2.5 to 5.1
microns) dimension. The total structure was then oriented in the transverse direction in

25 an oven to provide biaxial orientation.

Continuous samples were run at different thicknesses of sealing layer to provide a
composite thickness of between 83 (21.1 microns) and 93 gauge (23.6 microns).
Consequently, the composite structure provided a thickness relationship of sealant layer
to main film substrate of from 42.2% to about 48.4%, while the intermediate layer ranged

30 from about 56% to about 71% of the sealant layer.



terpol ynmer, Chisso 7510, at a 70:30. The high density polyethyl ene,

pol ypropyl ene, and 20 the linear |ow density/EPB blend were

coext r ude¥O 98/10929 The coextrusion was oriented PRIERY/IRRNI ne
direction foll owed by extrusion of a sealing layer 55 of EPB
random copol yner, Chisso 7701 provided by the Chisso Chem cal
Conpany of Japan. This |ayer was prot‘i3ded ina 10 to 20 gauge (2.5 to 5.1

m crons) dinmension. The total structure was then oriented in the transverse
di rection i n 25his example pyoded koth highjagdhesivityasAemansirated by significantly

or ovi do. o POV S5t Wit Uh st blcRRER vl ok SERT s S} BB T 1 o

gauge ( 23 pfesehce/cfMagnels. Consequently, the conposite structure

provi ded a thickness rel ationship Qf seal ant |ayer to main film
substrate of from42.2%to about 4& e the internedi ate | ayer ranged
30 from alqu 04 t 9 ¥ g

“18° exat BIAR Ekarfld) Brcdot e BRlAE ey et h patytene-propylene

denonst r atastioky cspolymdriRrarZd470HB provided by Pina\GitiCoplany: t Sangéswerend fin seal
packages were prepared and seal ed wi t hout the .presence of tunnels.
EXAVPLE 2 Prepared once again at a varying tigkess level o frsvm 18425 microng),te 20 2auges

seal ing | lrih 5 £ i | na
2047008 piSermendl PInRASiURRKLEBF e fip prepart A RAMELAR Y BB 0le 17
agai n at asamerange®f thicimessaslatibreships apthose prapafed(id Bxdmplect.ons) to 20 gauges

(5.%) m crons). The conposite struc%&@%&e filmprepared from Exanple 2
had®t he same range of thi ationships as those prepared in

Exanpl e 1. 10 This example follows that of Example 1 except that the sea]iné%fé\"v{'a%
Thi s exanple follows Aeat of Exanpl e f exceptp that the sealing Ipz%arl-edwas

prepar ed Wwith a metallntcdne piastosten SLB2@4fcprpiided bydioieh PMetalicoene plastomeryisax xon.
Met al | ocen | astoner (s a .. .et hyl ene-.hut en ol yner . system which is
pr epar ed \ﬁﬁ[’ﬁm&' i"&lmbgéeﬁéysﬁeé’fgwgt’sfp'fﬁ%regmg‘am%%%ﬁawsgt ture of
the film poppasifdsthitnde 6Otk Prepated iFuSdiishcd WIBIELIRpIE 3 MBd e same 'ati O

e
of thickness relationships as those set forth in Exanples 1 and 2.

EXARPLE 4 ratio of thickness relationsitips as thrseset forthoin| Exemplssahpad2.| except for the

seal ing | ayer which was prepared i ng a pol yethyl ene
vinyl -acetate sold under the trade %‘%&x 3130SB and is

This example follows Example 1 except for the sealing layer which was prepared
using a polyethylene vinyl-acetate sold under the trade name Elvax 3130SB and is
provided by DuPont. The composite structure contained the same range of thickness

20 relationships as in the previous examples.
EXAMPLE 5

Example 5 follows Example 1. The intermediate layer 53, however, was made of
strictly an EPB random copolymer, Chisso 7701 provided by the Chisso Chemical
Company. This layer was provided at a thickness of 25 gauge (6.4 microns).

25 Additionaily, the sealing layer was SLP9045 metallocene plastomer provided by Exxon
rather than EPB random copolymer. The composite structure of the film prepared in
Example 5 had the same range of relationships as did those set forth in Examples 1-4.
EXAMPLE 6
In this exampie, a film structure was prepared as in Example 5 except that the
30 sealing layer composition was a blend of metallocene plastomer SLP9045 and EPB
random copolymer Chisso 7701 at a ratio of 50:50.



provi ded by DuPont. The conposite structure contained the sane range of

t hi ckness 20 rel ati onships as in the previous exanpl es.

EXAMPLE 5 wq 0810929 Exanple 5 follows Exanple 1. The gcfingdohRsigst €

| ayer 53, however, was nade of strictly an EPB random copol yner,
Chi sso 7701 provided by the Chisso Chem cal Conmpany. This | ayer
was provided at a thickness of 25 gaugei4b5.4 mcrons). 25

Additionally, the sealing | ayer was SLP9045 netal | ocene pl ast omer provided

by Exxon rat her than EPB rangmmpgglyrrer The conposite structure
of the filmprepared in Exanpl e 5 had the same range of

rel ati onshi ps as Thisexampiefollews Example hexceptihe dugermegliate layer 53 was prepared

EXAMPLE 6 S b d
e - Exanpifioms sombinprion,of hbat [P a &R RoGecricht, 1E S0d1. SAd b bR i RfEE ©

bl'end of netraddoRfEspRlRhérs FREBS7ShRAAIE e ERfE Oil Corporatitd afl @ RtiOotoy3e

Chisso 7701 at a ratio of 50:50.

-14- 5 E LE 8 EXAMPLE 7

This exanple foll %ﬁﬁgg@ § I

pr epar ed ﬁﬁ? a 0%'ﬁ‘a o) le?rém gg@’ﬁg%geﬁtsél & w %éﬁ%@lo&e
LL3001, and IADBE, qIe3001 0ad £hietallocene plastdmﬂﬁmpebz'mfrowﬂemay BRioh, ina
provi ded by the Fina O | Corporation, at a ratio of 70:30.

EXAVPLE 8 ~ ratio of 80:20. This Exanple foll ows Exanple 7 except t he
internedi ate | ayer was a bl end of %%AMIB%E?;DE’ LL3001, and a netal | ocene
pl ast omer, EXACT 3024, provided by Ex rati o of 80: 20.

EXAVAOE 9 10  Example 9 wakyospated differentipfroprthe preliiduscsxambles if thaitt he
previ ous exanBIes i,n tha

it Lne ut. o | ayer, 58 of
pol ypr opyl erf@ mﬂeﬂé’“égﬂlavﬂtssaﬂﬂﬂlﬂ?{%ilg“% g3 ai thickne s°f4?§2!8¢4
m crons) T 1'639)' 4 gauge
(6.35 m crons§1 lat"g{:was ?’f]t?et ?’?ﬁg‘?l éﬁggﬁﬁ yet y @r@&qf%gf ée?’h
sane EPB (6 35 rmcrum)imd was the llipearrlo®density p‘bflynh)denealmmkné'he same'gPBOf 10

to 20 gauge 51to r.oNs 5 was used Nl i the reV| ous
exanpl gs ° %fq’i’ Y@F? G&s# ﬁ%e&‘ “e‘k{*ﬁ?féﬂa’tﬁ‘}d’é‘tlﬁ rﬁ‘?“ge 25 %0 3 microns)
ori entsed i n witifled URAKY (e HEViGE dxampleddinlsEhtird sRfctereSPastixtBald gefhlr and

provide a conposite
onented in both a machine direction and the transverse direction to provide a composite

biaxially oriented multi-layer film. Samples were prepared using the range of gauges of
sealing layer so that the composite structure provided a relationship of thicknesses of
sealant layer to main film substrate of from about 44% to about 50%. The intermediate
20 layer, in turn, was present in a range of relative thickness to the sealant layer of from
~ about 55% to about 71%.
EXAMPLE 10
Example 10 was prepared similarly to Exampie 9 except that the intermediate
layer was changed from a single linear low density polyethylene component to a
25 combination of LLDPE, LL3001, to low density polyethylene, LDPE, Chevron 1017, at a
70:30 ratio.
The films prepared from Examples 1-10 can also be metallized on the high density
polyethylene side. Thus, an additional metal layer can be imposed on the multi-layer film.
One or more webs can be laminated to the multi-layer films to form a new muiti-
30 layer film having a different composite structure thickness. Such webs include, but are

not fimited to, oriented polypropylene, polyethylene terpthalate (PET), polyamide such as



bi axially oriented multi-layer film Sanples were prepared using the range
of gauges of sealing layer so that the conposite structure

provi dedW® &R onshi p of thicknesses of seal aRETUSYE33920 mai n
filmsubstrate of from about 44%to about 50% The internediate 20

| ayer, in turn, was present in a ran of relative thickness to the seal ant
| ayer of from. about 55%t o about 71%

EXAMPLE 10

except th%)t‘miv W@Wﬂ%’&“ﬁeﬂ}da‘iaé%é 2 Rorio O"Y\%)S?\Bgd'\ﬁg d SI lart‘ﬁ’l‘“&ﬂ%%ml °°

| i near e 28nsi th@ﬂﬁ@dg td of
LLDPE, LL Og&ﬁ‘ to I ow ens%/e’lt ;e/ﬁ'gso]] g Eﬂf g(?]v(gé\/%r o nsc?legvro %% fg‘% a
70: 30 r at emd product film in order to ca]iﬁkietefthé rcquqsnteaqukaebsfofahe $eatanplager. 1- 10 can

al so be netallized on the [ pRelyet hyl ene side. Thus,
an additional netal |ayer e - | ayer film

Ones or nore webs can be | am nated %%&qulltl-layer films to forma new
mul ti- 30 | ayer filmhaving a er ent cog‘pom te structure thickness.

Such webs i ncl Seids weretprepaged at a seal temperatureiofiil 5@°C and atar pagkaging speed of

P05 P OS5 plcali peE il e Ao dntE Pty Brina BT RBT RSSO Mgt ner

mul ti -1 aygdal falw presstoedival 0/psi (1634 kPa). The ultinffe lafiriie thickaedset, of el ace. |t
I's inportant, however, to consider the thickness of the end

pr oduct fFomPasite structure was 19 pauged 59 microrsyy The padthiof theesktogth, Nﬁemeal ant

EE"PS_ P SEALS 5
EXX LE 1‘1‘1 cm. The dimension L., °g ?‘£°\fA‘é’Pe‘”BPte‘par g@ta a gleﬁg:i erf ature of

150[ er r ] Ceentichetdrs wvap 8 3Sagph.ng speed of 60 packages per m nute The
seal jaw frequency of_ inpact was 2.959 per second. The ja
pressure was 18COFROsite seuank fayer Wenproyl #ﬂf‘&LLa?rﬂoﬂéﬁ]B“Pﬁséer%§37oiﬂ of the

oot W b e ienfiah oy BPURECHE 708 aB B ealbialle The Ry e °C01 L om

seal | engtémpdsite sealpnr dasygovasi.3 x 10° dynes/cmn’q(113 xrb0’anBi/md)s 'Ilhe&Em@mxte

A conposite, se Iant er was pyoyi LL 3001/ 510, at a
70?@ sealan [z yerQfit °¥%%sst"f?é "?‘{‘FP@F‘%éﬁl 538%8%3% %# é]‘%ﬁ as the
seal i ng | gy&b nFm{,{  Seafeal ant |l ayer was 1.3 X
10[ err] dynes/?:s rr ‘Qér&{ﬁ% entt]oprow%fﬁmif@h The conposite 15

seal ant | ayer Uhdermlelsme@ac\agmgadoudihanedvhmﬁfm(84143851 s/om’ (ulAE)85 cm

(8.85

for metallocene SLP 9045 polymer as the intermediate layer and Chisso 7701 as the
sealing layer, the required minimum thickness was calculated as 24.4 gauge or 0.00062
20 cm (6.2 microns).
EXAMPLE 12
This example follows Example 11 except a seal packaging speed of 30 packages
per minute and seal jaw impact frequency of 1.29 per second was used. The required
composite sealant thickness was calculated to be 24.9 gauge (or 0.000632 cm (6.3
25 microns)) to provide an airtight seal. The composite sealant layer was the same as
Example 11. The G' for this composite sealant is 0.47 x 10° dynes/cm? (0.47 x 10°
mN/mP).
E E 13
This example follows Exampie 12 except the temperature was 140°C, The
30 laminate composite thickness, t, was 195 gauge. The sealant included a blend of LL3001



mcrons) as a mninmumrequirement to provide an airtight seal.
Under the sane packagi ng conditions, when G is 0.443 x 10[err]

dynes/ cni eryyb 9giit¥81 errl) for metal | ocene SLP 9045p@fiydmkagas t he
internedi ate | ayer and Chisso 7701 as the sealing | ayer, the

requi red m ni mumthi ckness was cal cul ated as 24.4 gauge or 0.00062 20
cm (6.2 mcrons). -16- EXAVPLE
12 This exanple foll ows Exanple 11 except a seal

Pac kagi ng s l{fﬂdCClﬁiso%l(baci(nge ratio as adinterrrz]xpdiaterﬁxyw,t andClisso 7701 jag W sealingCt
requency of 1.29 per_second was used, The, requir onposite
seal ant t hi dRYRESad theG'for thgsealam W%%@EA&@ESE{IQE?&“G.@’O@M@%Gm (6.3 25
m crons)) to provi4 a \CLd i s the
Same as it Tkt o5 Gless NG SO e wae BUATel T BE 2T 1 |
10[ err] dynegaugeie0/000T0P ¢k (%1 ILfierong) in order to providd/atieemetig seal.

EXAMPLE 13 This exanpl e follows l e, 12 except the
tenperature was 146h@Hd penoted thagthe heag'geaf;egmem@ sggﬂggsiabevqwm ot

was 195 gau %mpzﬁﬁ‘f'g’h?%‘%ﬁ}%qu& i¥hE chi .ligk?’ﬂgﬂxdes semi-crystal tpé’lyln'éﬁ‘;ser ,

-16- _ at @ 70:30 ratio as a inter
and Chi sso 7Iftlie sealaatsaendrhaorghous polymers suichyasrcopalyesterror@mdrphouspoipseer ot Was

The m ni num PR G on iaRERe spiopfor U Ao, oF beghset srmprramsshasi

28.0 ' m ' ' a
hernmeti c seatl,e. a@%&%@&ss%ﬂﬂﬁa&%ﬂ%ﬁ%ﬁwgg lri1ot e tﬁgg E‘fiﬁ?a‘ g%ét}i@g!a )
t enpdQat ure shoul d be above the nelting tenperature, Tm for the

seal ant layer if the sealant |ayer includes sem -crystal polyners.

If the seal ants are anorphous pol ynmers such as copol yester or anorphous
pol yester for pol yester film or anorphous nylon for polyam de
film the heat seal tenperature should be above the gl ass
transition, Tg, tenperatures of the polynmers used in the seal ant |ayer. 10



-17- WHAT |'S CLAIMED | S:

1. A multi-layer filmfor
-form ng hernetic seals on packages conprising: a a
mai n fi | WOS8l829at e; (b) a seal ant | a?gF’U%W‘&é%‘nt and
bonded to said main filmsubstrate, said 5 seal ant

| ayer conpri sing; (1) an internediate
| ayer bonded to said nmain film subst Fh‘{'e

and having sufficient flow property under sealing
condi t i onWHATIS CLAIMED ISy y with all unfilled space

bet ween sgal i ng StaPt HiRTor ffMninOherMBEL dédls on packages comprising:

(i) a Sealing layer bonded to said internediate 1ayer to provide

a seal under ségl i ng mainfiirh isabstrateand (c) a conposite
structure of said main film suhstrate,and I d .geal.a | ayer .

such that sai d@®nt edsedipiiayerd @F°'H§§d§°‘& 8§?‘§i"@ﬁ“§$‘”‘g’¥gﬁ‘ﬁ Whn said
sead ing |ayer's comp@giti ahfrigiag.d seal ant |ayer has sufficient
thféckness 15 e 8Ydr c 9.n ﬁ*n relationship to the thickness of said
main filmsubstrate to el(i)m nandntermediate layer bonded to said main filovswbbtsater om
bei ng fornmed during sealing, . er € hernetic.seals are forned
during sealing. 0 and h.axmﬁﬁpﬁg;epg %‘V P?‘?H"Wé‘é‘é%‘_rs to aiml
wherein said main film substraigditonstd &b @nd comply widdllivfiliéd spice

3. A nmulti-layer filmaccording to Claim2 wherein said high barrier
filmis net al | i zed. between sealing jaws duringrsealing,iand ayer film

according to Caim1l whergin sajd,pgj ' ' .
I airé)nat e conprising a fi I@sub%f?g@iagﬁlfowgﬁgf%?&&éeg’nétzlfl%é%yeeat? ?rémc{ehe
group consi sting 25 of Psdabiindep Sedlinf eOndiddnspampy! ene, pol yet hyl ene

t erepht hal ate, pol yam de, polyethyl ene, . nono- and nul ti-1|ayer
films, and contfEhat iaeempasie sisecture of said main film substrate and said sealant layer

such that said intermediate layer has a composition different than said
sealing layer's composition, and said sealant layer has sufficient thickness

15 in relationship to the thickness of said main film substrate to eliminate
tunnels from being formed during sealing,

whereby hermetic seals are formed during sealing.

2. A multi-layer film according to Claim 1 wherein said main film substrate is a high

20 barrier film.

3. A multi-layer film according to Claim 2 wherein said high barrier film is

metallized.

4, A multi-layer film according to Claim 1 wherein said main film substrate is a
laminate comprising a film substrate and an outer web selected from the group consisting
25 of paper, oriented polypropylene, polyethylene terephthalate, polyamide, polyethylene,

mono- and multi-layer films, and combinations thereof.

DT



F- 7869 5. A mlti-layer filmaccording to Claim1l

wherein m ni numt hi ckness of said seal ant layer in relationship
to said nal\vofgg/lmmgutsﬁmgtsqzmﬁ %gém ed #y sol ving for 9 epetrubimizaez
foll owi ng rel ati onshifp: R [err]
wher ei n, 5 EP‘?AQEP ls . said seal ant | ayer thickness,

t is total thickness of said corrposMe-k&-ructure G is
t he storage shear nodul us of said seal ant |ayer

(G is tenpérat ur.demlti;llalyatﬂn(htpmdﬁxgtb)daim 1 wherein minimum th‘ﬁkhessaﬁphded
conpression stress on a_seal .jaw, Sed] feal Ien th
and sealant layer in glaionshi oseid ramﬁl% sybstrate is determited bygohing g

mul ti-layer féﬂ&vﬁhﬁ‘?ﬁﬂﬂfﬁg to Claim1 wherein said seal ant | ayer has a

t hi ckness m about 15%to about 70% of the thickness of said
conposite structure. 7. A multi-layer filmaccording to
Claim1l wherein the thickness of said internediate 15 | ayer is from
about 10%to about 90% of the thlg $ ]‘&E | ant | ayer.

8. A nulti-layer fllmaccord;razz_élg' l th said internediate

| ayer conprises a conpondant?6sgl b A\ f r t he group consisting of
pol yet hyl ene hom)- co-, terpolyners, | ow density pol yet hyl ene,
anor phous nyl! an i ononmer and m xtures thereof

mul ti-1ayer W ‘I”m“accor ding to Claim| wherein said sealing | ayer conpri ses
a 5 S, is said sealant layer thickness,

t is total thickness of said composite structure,
G' is the storage shear modulus of said sealant layer
(G' is temperature and rate dependent)

T is applied compression stress on a seal jaw,

10 L is jaw seal length, and
W is a seal tooth width.
6. A multi-layer film according to Claim 1 wherein said sealant layer has a thickness

of from about 15% to about 70% of the thickness of said composite structure.

7. A muiti-layer film according to Claim 1 wherein the thickness of said intermediate

15 layer is from about 10% to about 90% of the thickness of said sealant layer.
8. A multi-layer film according to Claim 1 wherein said intermediate layer comprises

a component selected from the group consisting of polyethylene homo-, co-, terpolymers,

low density polyethylene, amorphous nylon, an ionomer and mixtures thereof.

9. A muiti-layer film according to Claim 1 wherein said sealing layer comprises a
20 component selected from the group consisting of polyethylene homo-, co-, and

terpolymers, amorphous nylon, an ionomer, and mixtures thereof.

——————
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20 conponent sel ected fromthe group consisting of polyethylene hono-,

co-, and terpol ymers, anorphous nylon, an iononmer, and m xtures
10. A mlti-layer filmas described in any of the preceding clains which
I's made by a process corrpr'ggi ng (a) | ayi ng the

seal ant layer on said main film subs rate, said sealant |ayer

(S:girrgr Imi: ﬁ%f i | %wﬁg{aygtfgméﬁ 8escribed in anSrIJf the &'@céd?xggeéla%%lv?}tﬁ& {sa v ib?{(é,nded to
suf fici elﬁogegg%ﬂ,ggﬁrty under sealing conditions to deform

and conply with all udnfilled space between sealing jaws during

'sealing, and (a) laying the sealant layer on said main filmssubstsate.agid seplant lbyerded to sai d
internmedi ate | ayer to Br.ovi de a seal 10 under
seal i ng condi ti ons;*°HRYSI"E (b) providing a conposite

stisucture of said gpal anh imteRididi®layer sbnded to $did Main film substrate and
substrate such that said internediate | ayer has a conposition different

t han having suffigient flaw property apder sealingngnnditions to defatinsai d

seal ant | ayer has suffici . i ckness.in
relationship to the thi &ﬁgé@plgfmgh?lhunnﬁélleﬁ s?ﬁenblets‘ﬂ%cgtsr ap{ gjlé»ggégnng
elimnate tunnels from ledling, 4@ med during sealing.

(i)  a sealing layer bonded to said intermediate layer to provide a seai
10 under sealing conditions; and
(b)  providing a composite structure of said sealant layer to said main film
substrate such that said intermediate layer has a composition different than
said sealing layer’s composition, and said sealant layer has sufficient
thickness in relationship to the thickness of said main film substrate to
15 eliminate tunnels from being formed during sealing.
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