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| MPROVED STORAGE WRAP NMATERI AL 5 - 10 o -

+FI ELD OF THE | N\/ENTI ON The present invention relates to
sheet-1|i ke mat§; 325§UI table for use in the cont ai nrrenﬁcﬁogbmous
protection of 18 itens, as well as the preservation of perishable
materials such as food itens, The present invention further relates to such
material s which are suitable for direct contact with such itens as a
unitary package as well as 15 for uselin forming a closure for a

sem - encl osed cont ai ner. BACKGRClJND OF THE

| NVENTI ON SheelMPREXVED B AGE ‘ 2: cont ai nnent and
protection of various items, as vveII as the preservatlon of
perishable materials such as food itens, are well known in the art.

Such materials can be utilized to wap itens individually and/or 20 can
be utilized o forma closure for a sem -encl osed contai ner.

One class of such materials in common use today conprises those of

pol ynmeric conposition forned into a thin, conformable web comonly supplied
I n rolled form Conmon exanples of such materials are pol yvinyl

chl oride (PVCQ), pol yvi nyl i dene chl oride (PVDC), and pol yethyl ene (PE)
sheet materials. These 25 materials exhibit a clinging character on at
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15  for use in forming a closure for a semi-enclosed container.
BACKGROUND OF THE INVENTION

Sheet-like materials for use. in the containment and protection of various
items, as well as the preservation of perishable materials such as food items, are well
known in the art. Such materials can be utilized to wrap items individually and/or

20  can be utilized to form a closure for a semi-enclosed container.

One class of such materials in common use today compnses those- of
polymeric composition formed into a thin, conformable web commonly supplied in
rolled form. Common examples of such materials are polyvinyl chloride (PVC),
polyvinylidene chloride (PVDC), and polyethylene (PE) sheet materials. These

25 materials exhibit a clinging character on at least one surface due to the properties of
the polymeric materials they are formed from and/or additives such as plasticizers,
tackifiers, etc., such that they may be folded or wrapped around an item such that
they cling to the item and/or to themselves. The clinging character of such materials
also permits their use in combination with semi-enclosed rigid, semi-rigid, or flexible

30 containers to provide a fully enclosed container structure. The barrier properties of
many such materials, particularly their oxygen, moisture/moisture vapor, and odor
barrier properties, provide the desired preservation characteristics for perishable
items such as food items and/or items which oxidize or otherwise degrade more
rapidly with continued exposure to environmental conditions.

35 While these materials have achieved a certain level of acceptance, where the
material is supplied in the form of a continuous roll in a dispensing carton or
apparatus, difficulty is often encountered locating and isolating the current end
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can leave small channels in the region between the material and the opposing surface,
thereby causing a failure to achieve the desired seal quality for preservation of

25 perishable items. Some users attempt to address seal quality shortcomings by
double- or triple-wrapping the desired item to form a tortuous labyrinth seal path of

30

35

increased length.

Also, because the materials "cling” to themselves and other surfaces, i.e,
exhibit an attraction or affinity for the material rather than an adhesive bond, their

affinity for a complementary surface is highly dependent upon material characteristics

such as chemical composition, electrical conductivity, surface energy, surface finish,
etc. Therefore, such materials leave room for improvement both in ease of use as
well as ability to form an adequate seal for preservation of perishable items. In many
instances, the plasticizers, tackifiers, and other cling additives utilized to provide the

odor to the finished web and/or may introduce environmental concerns.

cling properties of such materials may also introduce undesirable attributes such as

Another class of materials in common use today comprises thin, conformable
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dispense a narrower, unevenly-torn portion of the rolled web.
Another difficulty which may be encountered is the failure of the material to
25 form an adequate seal where folded either from the outset or after a period of
handling of the container or wrapped item. If such materials cannot form a seal with
barrier properties at least as great as those of the material itself, the full potential of
such materials in use as a storage wrap cannot be realized as the seal becomes the
weakest link in terms of containerization. Accordingly, some users undertake to
30 employ additional securement features such as rubber bands, tapes, etc. Wrinkles in
the material where it meets itself or a target surface can leave small channels in the
region between the material and the opposing surface, thereby causing a failure to
achieve the desired seal quality for preservation of perishable items. Some users
attempt to address seal quality shortcomings by double- or triple-wrapping the
35  desired item to form a tortuous labyrinth seal path of increased length.
The effective fold radius of these materials is also a factor in determining their
suitability for forming an effective seal, as the fold radius of some materials (paper
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such as independent use and/or use in combination with a semi-enclosed container, in
efficient fashion by substantially reducing if not eliminating the need for double-
wrapping and/or additional securement features.

25 It would further be desirable to provide such materials which are capable of
being readily manufactured, stored, and re-used as desirable for both economic and
environmental efficiency.

SUMMARY OF THE INVENTION
The present invention provides an improved storage wrap material

30  comprising a sheet of material having a first side and a second side. The first side
comprises an active side exhibiting an adhesion peel force after activation by a user
which is greater than an adhesion peel force exhibited prior to activation by a user.

The storage wrap material may be activated by different approaches, but in a
preferred embodiment the active side is activatible by an externally applied force

35  exerted upon the sheet of material. The force may be an externally applied
compressive force exerted in a direction substantially normal to the sheet of material
or may be an externally applied tensile force exerted in a direction substantially
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mrertat: BRIEF DESCRIPTION OF THE DRAWINGS

While the specification concludes with claims particularly pointing out and
distinctly claiming the present invention, it is believed that the present invention will
be better understood from the following description in conjunction with the

25 accompanying Drawing Figures, in which like reference numerals identify like
elements, and wherein: '

Figure 1 is a perspective view of the storage wrap material of the present
invention provided in roll form;

Figure 2 is a plan view of a preferred embodiment of a three-dimensional,

30  nesting-resistant sheet material suitable for use as a storage wrap material in
accordance with the present invention;

Figure 3 is a partial elevational sectional view of the sheet material of Figure
2, wherein a substance is included within the three-dimensional structure of the web;

Figure 4 is a plan view of a three-dimensional forming structure suitable for

35 forming a three-dimensional, nesting resistant sheet material such as that of Figure 3;

Figure 5 is a partial elevational sectional view of the three-dimensional

forming structure of Figure 4;
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as that of Fi gonfigutations, the storage wrapingitérial may de prgvidettiinlthecformadf] discaéte,

Z_eCt ional vi e\%rg-inem?ecf BMebes ot uiitor 8P %n-uniform difEdfiond whidhnly b€ s@abkdal gur e
’ upon one another in any desired sequence and/or orientation and dispensed from a
25 carton, bag, or any other suitable dispensing apparatus. In another alternative
storage and dispensing configuration, the storage wrap material may be provided in
the form of a continuous web which is Z-folded or pleated and placed in a dispensing

carton.

In accordance with the preéem invention, storage wrap material 10 exhibits
30 minimal, and preferably no, adhesive or cling properties until activated by a user.
This characteristic permits storage wrap 10 to be stored and dispensed in any desired
mode without encountering the difficulties of premature clinging or adhering to itself,
and without the need for separate release sheets, liners, spacers, or the like. At the
same time, when activated at the desired location and at the desired time, the storage
35  wrap material exhibits sufficient adhesive properties to form a bond to most common
materials which is sufficiently strong so as to survive handling without failure. The
bond between the storage wrap material and a target surface is also sufficient to

ed in
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Figure 6 is a schematic illustration of a representative apparatus suitable
< for formng a storage wap material in accordance with the present

i nvention; woorszss i dure 7 is a perspective view of thecghRbA6essM ap
mat eri al of t he présent I nvention being fornmed into a unitary package
around an itemto be stored_by 5 bondin;g the material to itself around
the item Figure 8 is a perspecti've view of the storage wap

mat eri al of thel_gme1 rg i nvention., beﬁln‘ggutlllzedF/l s(t:orrblnatl n with
a seni - encl osedPRYHAE A PaEEr t3! ?gﬂ'r"ﬁtltﬁ‘"sm'ssw” 24 SYEH- IR epsture xgpor, odor,
Figure 9 is a pae.sek thay persheble atems Irnaysuemaﬁsjmtmilnpndeseérandlprmmmgo theesent

10 invention %%ofﬂ&%eff%ﬁe&%tﬁ%*eﬁ?@ﬂe around an itemto be
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accordi ng to thgvenfiE® ‘?t”fs ﬂr&\éﬁiﬁl preferred\o HRANGE ét?ragé A marerinlt Qgtﬁgﬁlg"\ﬂilﬁp

material 10 15 |s§ ra I}{icprowded n the m of a web X1 bl e
materi al whi ch %4 %@lﬂﬁ‘a‘ tve or -core to forma roll 20 which is
suitable for use in Ehedictiveosidecof th!rstdsmgdwrapsmmériahmay be selectimely activated biyfa
desired, perforgaki ﬂﬁoﬁ&%a&ﬁa 9&@1 %ﬂefﬁ}é&ﬁé&i tﬁ{)ﬁdg ke'iﬁﬁi@é biMbsiBh oPfife-

measur ed dllraenm ons ,of a"é_gven ﬁenser
hol der, matﬁ'ﬁlnt%i"‘ﬁgﬁeto%‘ §°°no ge WAy COMPrise ASPRRBISFUHRLS-Mat Us .
Manual severl nomateriadh, smhmp aZontainenpt mamg)rsnemh tabe lwrapped, enthag comprises nay

al so be acconplgngigs 6rﬂoﬁ’ bERE sfofagl wirhp AGterial ttself t g'ﬁed?‘% E&ivﬁilod R tHauous

non- perforatedform alternative stora I spensi n

confi gurations, ef‘ﬁé ‘%"c ‘éﬂé‘ ACHY [ W M&'eﬁ‘é@ Bﬂ?ﬁ"&%ﬂs 'Fﬂeﬁq?@ ieorath of

di screte, reprigingpations df thé stetage ofrap.matédal mentain inactive or inertm The swAageons
whi ch may bg | nd/ or
orientation and F ‘?ﬂltenall #%&a&gél@%p‘ﬁﬁ% dl}%'%&ym&?% %ﬁ&a&ﬁg?&ﬁsﬁjﬁ gbl e

di spensi ng appd P%l 35! of the atezial in additian t9 the abili y to E’FBP&Q@"V&rﬁﬁecﬂﬂéﬁénm ng

configuration, 1mvesmdnage wrap material may be provided in the form

of a continuous web Wﬁoﬁ?mbﬁxséffa&li\’lﬁgn e USRS s AL R b ofe i BRENS1 10

carton. accordance W t nventi on orage wr ap
material 10 exHreRepidnvestion, such me'ifﬁif"b%ff@ﬁ%ﬂ&?"ﬂ% actiyatien etg. However.ng
properties 20nt iih texms Dﬁptwdildgythaum avith the desired’ hegree:okl’aufoatrblewes thiecactieationt S

storage wrap 1Qy E&xﬂ%ﬁ%&ﬁ@}:&hﬁﬁﬁﬁ@%ﬂ id eﬂ#%ﬁﬂﬁy o mode

wi t hout encount’eri n ture c? or .adhering to
itself, and ﬁi'dlesst‘?fé Sagper 8?3%&"&%‘@'38% g‘Sﬂﬂﬁ? Lthe preset s
spacers, or thdnlention will ekhilit an adhesberadierai®, onvineking chardetereds appd&d! tdesi r ed

I i on an s [
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form a bond or seal when in contact with itself or another target surface as opposed .

to merely being attracted to such surface. While a number of approaches such as the

use of selectively adherent materials may be utilized to provide the desired adhesive

properties, a presently preferred approach is to utilize a pressure-sensitive adhesive.

When designing storage wrap materials in accordance with the present invention, it

30  may be desirable to tailor the particular choice of adhesive agent so as to provide

either a permanent bond or a releasable bond as desired for a particular application.

Where a permanent bond is desired, opening of the wrap or enclosed container for

access to the item(s) therein requires destruction of the storage wrap and/or the

container. Releasable bonds, on the other hand, provide access to the wrapped

35 item(s) by permitting separation of the wrap from itself or the container at the bond

site without destruction. Moreover, depending upon the activation mechanism

employed in the design of the storage wrap material, the releasable bond may



materials which is sufficiently strong so as to survive handling w thout

failure. The bond between the storage wap material and a target
surf.ace is also sufficient to : WD 97/ 25256
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agai nst transm ssion of oxygen, nvoisture/noisture vapor, odor etc.
such that per?@RUEES i tems may be satisfactorily enclosed aRGTHSEYMRE%] to
t he . extent of the barrier propertigs of the material itself.

Al t hough storage wap mat eri al may -be provided with two active sides or 5
surfaces, if desjired for particular applications, in accordance with the
present additionally be refastengblp ilesinidny aghesive rcha'dctbbrqmaw iafter $iteoinitigk wr ap
material w th giivitiontnding/releas@6yicleve si de and one inactive or inert side.

The active side of teria vel y activated
by a user to %é&g{/a;f hg{s%g][e‘:h\i}??% r{'r% i nge\?ﬁ%r‘@e"&ﬁg‘*ﬁgﬂ SPPITEAR e

sel ective adhetesiesign and, gonstyuctionenf arsuiable storage avrap masamal incascordaneetwithyet
surface mys coniprpraananmmfate surface or material, such as a i
container or an it itens to onpri s anot her
portion of the stoelm der tgﬁc??é?’@?$ a“gé’f"?ge ’E@ﬂsﬂ?& g@' ?ngfméﬁgr%m ts in
t he geneteems pe 3| sizests wellots aawitle range pfconddinen sbapeewhereutilizedar t i es

as is needed, donbinatioh lwith a sennfeﬁ‘dl&bdl‘ Ol tHeQbota Sééf whalpEmat %'gtf[i gsgfr f&ﬁ%@

mat eri al renai Ve a

therefore capa %’IﬂL ﬁgﬂg’flpr@r\ %@@?‘8&‘358’( ?gsér iﬁ‘éff’é&t | éherﬁ?mecfﬁge'élr"?'

the same site 'mmwr:r@rml@mmpfﬁhn materialt ivgsn be suffitientlytsniailithat itcddeanet exertact | ve
side and an  undue irésdsrhiivecfopdeS Vvhich would tend to cauééa{hb%'ierﬁﬁ&sregfc cBfifabt/at i On

e 8 compr o o oayBiitpflrert PREF Sof s Kerome perBhRsosredzey |

terms of proviufisealed peerutires. \While design @é she stdrage gvrap mdter(abmrrthle inteadedt he

activation appliddtion Sl rédi!ﬂe(‘a%ﬁ&% bf e%ﬁbﬂ@?ﬂﬂ?al s 85 R'gen&at | Y
preferred. Sf nf? nne ation, Storage
“wrap nat erf®al PTEPOsitipn 'br'segéﬁ"[my preferred {oF & ”%ﬁ \Rrigty %&W 3E‘°'§n'°a8‘?si% idve,
adherent, or tmakiial havihggrasterplasisityohposssticityo mer el y a cli ngl ng or
affinity charact f . AfWRdpripael Which Wl bésh Rt e HipdHBin I Wg form
a bond or seal_when in cont acl wt or anot. r tar%? ace as
opposed yige m'ﬁé‘fcﬁ ange, wi %B’eﬁﬁ“gﬁf&'ﬁ‘%ﬂﬁ 58%3“ er of

approaches s udtheysexhibiitcafter activationcbyor usere | Motsi pastioulasiyhthe storageavrep mdtenalsay be
utilized t20 prefthélpresdi irleftionNhiBit BF 8NéSon sufficient to survive the likely degree of -

handling the wrapped item or enclosed container is likely to encounter in use while
maintaining the desired level of sealing engagement with the item, with itself, or with
the accompanying semi-enclosed container such that preservation of perishable items
is ensured.

25 One way to measure or quantify this adhesion property is in terms of an
adhesion peel force value which is preferably measured by Pressure Sensitive Tape
Council Method PSTC-1. A 12 inch (30.5 cm) long by 1 inch (2.5 cm) wide strip of
film is rolled once against a smooth stainless steel surface at a rate of 12 inches (30.5
cm) per minute using a 4.5 pound (2.04 kg) roller and then tested as having a peak

30  adhesion peel force value ranging from about 1 to about 50 ouncesfinch (0.012 to
0.600 kg/cm), more preferably from about 1 to about 2.5 ounces/inch (0.012 to
0.027 kg/cm) of strip width. In general, minimum adhesion which maintains a seal is
desired for a storage wrap, so that the wrap is easily peeled open for access to the
stored item(s).

35 In a preferred embodiment, the improved storage wrap material of the present
invention is a substantially clingless wrap material in contrast to typical commercially-
available storage wrap materials. As discussed above, such materials exhibit "cling”



properties, a presently preferred approach is to utilize a
pressure-sensitive adhesive. When designing storage wap materials in
accqordance with the present invention, it 30 may be desirable to tailor
.the particular choice of adhesive agent so as to provide either a
per manent bond _or _a_rel easable bond as desired for a particul gprmsorm024s
appl i cation. WO 9772 gr e a permanent bond is desired, opening of the wap
or encl osed- contai ner for access to tfe iten(s) therein requires
destruction of the storage wap and/ or the cont ai ner. Rel easabl e
bonds, on the other hand, provide access to the w apped 35 [ tgm( S%f by
perm tting separ BROPeticsH PNiaheongfank, basiso such: thet theycling do themssivis and (1o ¢therhongd
site without deshirfagés wieneVéPbRaf linto PRty With them) whétkeralesirablet ormot.nBudhani sm
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activati on/ bondi nghtr C . . \V i .
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desi gn and const stertehied And pnstretshad; conditions, anchefilizeq mp inehivdde Blm strip adhesedionce
Wi Td h 5 t ][le_ P& fisfikh attaohed td tﬁﬂm;lincd surfacea The force fequiré®to femofe thefiladaipe a
wi de range of it W a ed..i _eol:
size, as wel] as vﬂﬁggarelgﬁdg%%q@@hfg%ggfmg ﬁa_%?éé“\?ﬁe'ﬁ %lﬁi’%g‘ggﬁ?’ ﬁn@ e
conbi nat i on 1 t hdegrescpf blosking Seawantad: adhesion) exiding thetwrsa Qyerippring bayers) of s
pr e; er abl X ) plasticf filgi elrmd.tﬁ-mlngaahbii@ isCexpresded ramalrlﬂ@ﬂinbm?d)immé@ﬂﬁqhefi
surface. At the e, the MDEY. Or _resili. a
must be suffici eﬁﬁ%uéen%‘ﬁ Ia){e}:fa?flplo{yeﬁgfége me%?’?te w'ﬁ‘na%yaﬁ% ufteé?’ﬁtég? %fgdtoi ve
forces whi ch wousqategeniimegers.ause the material to break contact with
the Cfnéal ner/itentt %ai%mgawfaﬁglefmﬁwqmmﬂpm cordahde’ ith :gﬂbsq#ekeﬁd or
unseal ed ovej. tine. i esian t he stora ap _mat eri ok e
‘ntended 18 a‘Bﬁ?’lF’%f?’bel?f Ripgeed &ﬂf?ﬂ' sﬁleﬁm_"gﬁ&%%f"?["ﬁgg?g? 1o bds&%?/fs i cal
properties, as aanyesignifigantignounhobmetsiials bnown in the pricasciling additives’s insluding: o
w det var et %'-hof fa?m S84 HyBESI LR hBsve. Further, wﬁmrmﬂéﬁw | ity Sincte
plasticity than glasticity. nqf her .pr.oper een
found to be i rrpo\”FQa’RP'a?ﬁq %}e%"ieﬁ?ﬁ o, fucthes zeguce, i 36t G!F'é{ﬁﬂﬁa‘ﬁ% [tf'éée;'s:cyl ﬁ.?%uc
- accordance with mbterigls ¢ cling torthemselves aids othprosuafagese cSush materialy weuld Heglude
they exhi bi ta@f t giti-asid ageds @f. by a user. Mre particularly, the storage
wrap materials The improved storage wrap materials of the present invention may take many
forms and may be manufactured by a variety of different approaches. One design
category that can provide the required properties incorporates the use of standoffs to
prevent an adhesive layer from making contact with external surfaces before intended
25 to do so. Through user activation, the standoffs are designed to be deformable,
removable, repositionable, or frangible in order to expose the adhesive, when
intended, to the target surface. One particular approach within that design category
which is believed to be presently preferred is to form a three-dimensional polymeric
film structure with a layer of pressure-sensitive adhesive protected from contact with
30  other surfaces by integrally-formed deformable protrusions or stand-offs. To activate
the material, once the material is positioned over the desired target surface (which
may be another portion of itself) the user exerts a pressure on the desired location of
the material to collapse the protrusions and bring the adhesive into engagement with
the target surface to form the desired bond. Such materials are described in greater
35 detail in commonly-assigned, co-pending U.S. Patent Application Serial No.
08/584,638, filed January 10, 1996 in the names of Peter W. Hamiiton and Kenneth
S. McGuire, entitled "Composite Material Releasably Sealable To A Target Surface



20 of the present invention exhibit an adhesion sufficient to survive the

i kely degree of handl i ng the wapped item or enclosed container is
likely to encounter in use while mai ntai ni ng the desired | evel of
.seal ing engagenent with the item wth itself, or with t he
acconpanyi ng sem -encl osed cont ai ner such that preservation_of perishable
it ens WO FRs286ed. 25 One way to neasure or § P99245hi s
adhesion property is in terns of an adhesi on peel force val ue which
is preferably neasured by'Pressure-Sensi19ve Tape Counci | Met hod

PSTC-1. A 12 inch (30.5 cm long by 1 inch (2.5 cn) wde strip of
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t. ging a 4.5 pound (2.04 kg) roller and
t hen tested as f"ﬁﬁr”%&k’e@% ?gi’yr%egﬁg'y on peel force value ranging from
about 1 to about 5@fwheébrp¢-dmn(ma@)§twwwe is used a9a SOMBR Wramin, acperdance ’
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PCT/ US97/ Q@24 Secessary in order to prevent the failure of relatlvely weak seals. In this emBodiment
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tackifiers, OrmtﬁﬂmrfOME %ﬁﬂosaetdénﬁﬁﬂhte%ere aggresﬁ\féehdhé’si\&%ve}c@ﬂ\ﬁi spingcC| I ng.

Sui t abl e met hqd 0 rreasu guan is cl ropelty are
described in ?’r{@ g‘fﬂ’g"fﬁ é%déﬂggwg%'ﬁ r??gat ‘ger@&he “Paterpfﬁet hod
D5458- 95 il$ usnthndedfor measuring cling between two layers of filmin both

stretched and unst eftscmnmatesomy;,anqtm del inpSmielal 16 eotieleelom St p

dher ed d
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Test nethod D3B64s 8storage wuay matefiglof theaprasenhipvention.1 dn a prrégredesndiodigrent ki ng
(unwant ed adhefié ibe-Biensibhkl pPPRRUSRAS d@iﬁeieh amm c§ a;ae hfty e formed iwlaastic
film Fil o O Jn':errR a(sj Tagtstémo of t%vo?cf(rgensmngl geome?n qmpes iotgg the sHédtoF whi ch
material resists nesting of superimposed layers such as would be encountered in a roll
of product. Such three-dimensional, nesting-resistant materials and pattemns are
described in greater detail in commonly-assigned, co-pending, concurrently-filed U.S.
Patent Application Serial No. { ], Attorney's Docket No. Case 6356, filed
25 November 8, 1996 in the names of Kenneth S. McGuire, Richard Tweddell, III and
Peter W. Hamilton, entitled *Three-Dimensional, Nesting-Resistant Sheet Materials
and Method and Apparatus for Making Same", the disclosure of which is hereby
incorporated herein by reference.
" When the material is formed into an elongated web with the intention of
30  winding it upon a mandrel or upon itself (core-less roll) for purposes of compact
storage, in accordance with the present invention the web exhibits the non-uniform
pattern at least in the direction of rolling, and most preferably in both the rolling
direction and the cross-rolling direction. While an infinitely non-repeating pattern
may be desirable for certain applications, at a minimum the materials of the present
35  invention will exhibit a non-uniform pattern property for a web distance at least as
great as the maximum intended roll circumference of a roll of product.
In order to provide the greatest degree of nesting-resistance, the three-




wi |l cause two | ayers of polyethylene filmto separate with an area of
contact . of 100 square centineters. Substantially
clingless wap materials in accordance with the present 15 invention can
.be produced by proper selection of ymaterials including the avoi dance of

any significanf agpunt of materials known in the art as "cli kaﬁ?s"’
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i ncl udi ng t'hosé of the types descri bed above. Further, ona
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Kennet h s."’%t%ﬁ?‘?  that fifithe next sugeeeding pleme F¥O8f- Rel easably Seal abl e
To A Target Surface The degree to which®rdef/i2 pi2Seht in an array pattern of three-dimensional

PCT/ US97/ 00245 protrusions bears a direct relationsltzip to Ig]e dggreei ?]:‘e zs(litabili exhibifsd fby Vme chis

When Pressed Thergagal nst an I hod ng", scl’osur e
her eby i ncor por qﬁéf”éﬁ"f??% Q/S'ﬂg Bygered array patiern o prmiy5izgd &“‘?Sha"e&

t hr ee- di men2P onhellost proatiusions insa cleseepaskedshexagonalgarayr egrhi protagsicar id dicerally a
repeat of any other protrusion. Nesting of regions of such a web, if not in fact the
entire web, can be achieved with a web alignment shift between superimposed webs
or web portions of no more than one protrusion-spacing in any given direction.
Lesser degrees of order may demonstrate less nesting tendency, although any degree

25 of order is believed to provide some degree of nestability. Accordingly, an
amorphous, non-ordered pattern of protrusions would therefore exhibit the greatest
possible degree of nesting-resistance.

While it is presently preferred that the entire surface of a web in accordance
with’ the presemt invention exhibit such an amorphous pattern, under some

30 circumstances it may be desirable for less than the entire surface of such a web to
exhibit such a pattern. For example, a comparatively small portion of the web may
exhibit some regular pattern of protrusions or 'may in fact be free of protrusions so as
10 present a generally planar surface. In addition, wherein the sheet material is to be
formed as a comparatively large sheet of material and/or as an elongated continuous

35 web to be folded or wound upon itself, manufacturing constraints may require that
the amorphous pattern itself be repeated periodically within the web. Although any
pattern repetition within the web allows some possibility of nesting occurring, such a




with the present invention, for exanple, the external contact surfaces may
be either 5 conpliant or rigid and planar or non-planar. Having the
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desi rabl e wher eontragte avith theenesfing dtaracrt of webs fofmelioof unifbrentylsitiped protrusions
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in Figures 2-3 b ed L.ooan 20 anor phous pattern of
t wo- di nensi onaﬁhggé%?ér?&ﬁ;c'%ﬁgps lﬁ%‘es such that the sheet, of . materi al
resists nesting of Bupwe withstamerphous paitern efsthppsrdimensiongl RIBITHTMNSEAY n 4
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her eby 15 | superposition ofishiets of materyal having the same amorphous pattern o¢@Es, t he
material is fgr rer Tﬁk&&dﬁ&nﬁbﬁ?%&ﬁdaﬂﬂdﬂs Hévirlg aIM-#imemmneﬁ &hreewi ndi ng.
it upon a nmandgel or on i.tself. .(core- 0 - act
storage, in ac@mwggfﬂt‘?ﬁ’??%‘gkﬁé Esfgﬁi‘“‘.%?@e{{{“%'h%‘fﬁ'@“%%%iﬁ?%ﬁ%"m
non-uni form  to exhibittispmorphism"e a8s utilized thereift, thectemesn ispmorphism’apd #rfohost
Sref e{ ably in Fs&:ﬁmﬁme} lafd Luhlliﬂd to referdid te@astaaﬂalamdfohhiw G Cgb&méﬁtgl ol N
irection. ile andnfinitely non-repeating patter irable
for certaif apf}r‘j"g i BIPEEUE fr ﬁiﬂy%%r?%gc'%éet@e%r%gléheﬁwﬁ ﬁ‘éﬂéﬁgr&sen (_?525
i nvention wi | | delineated withinthe-pagtarms Jrhis dsfinitien af the sevey ispmogphics isgeperdligitnce at
| ]g%ast gs actbRRAhceAith the offindry hidariny @mﬁﬁ:trm @b bviddncel by the eoreespoiding r ol |
of product. e n_prder 1o vi.de atgs
nesting-resi st g?fgngx,ont in veé.ffeéé_ isith Név B‘roﬂeglate blgﬁw%)? tB?’ ,;,a,ﬂgg E%ﬁé a
prescribed area comprising a statistically-significant number of protrusions with
25 regard to the entire amorphous pattern would yield statistically substantially
equivalent values for such web properties as protrusion area, number density of
protrusions, total protrusion wall length, etc. Such a correlation is believed desirable
with respect to physical, structural web properties when uniformity is desired across
the web surface, and particularly so with regard to web properties measured normal
30 to the plane of the web such as crush-resistance of protrusions, etc.
Utilization of an amorphous pattern of three-dimensional protrusions has
other advantages as well. For example, it has been observed that three-dimensional
sheet materials formed from a material which is initially isotropic within the plane of
the material remain generally isotropic with respect to physical web properties in
35  directions within the plane of the material. As utilized herein, the term "isotropic" is
utilized to refer to web properties which are exhibited to substantially equal degrees
in all directions within the plane of the material. This definition of the term
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di mensi onal , nesting-resistant sheet mat erials of the present -invention
preferably exhi bit a two-di mensional pattern of three-dinensional
protrusions which is substantlally anor phous in nature. d
herein, the t er't? ?ﬁ?ﬁ?ﬁphous refers to a pattern which géﬁ"’%ﬁs&{tsg
readi |y perceptible organization, regul aritjg, or or| entation
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patterns of 5 protrsions withintthe lamorphbss pitiesdh cConivérsdly, adireetipniah web analeriatsd

grouping or arra ef 1 niti
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a r epeat opamy Otheestatisticilly equivdlent baraineregs cobidringidemmbér sfipzbtnasiore D,
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shift between su no" nor e an one
pr ot r usi on- spaci 'Q“FtwaaPﬂ""@W%"UW@%tOf Shuctural geometrical featurgy svith rogardy e

galy demgnst rate HiegHonmslf theffank eﬂﬁe Y is &g&\fwu@haﬁgue ﬂw?taﬁ?&'seqmﬁieneé ter is

elieved to prov ﬁﬁlﬂﬁﬂf tability ccordingly, an

anor phous, non- {eg’gre pattern al? e?%%rum ons woul d, t herefore exhibit the

gr eat est possi HReVising the agay Wﬂtﬁgﬂﬂ‘%@ttﬁﬁé@“mﬂm between arrays giid| ¢ j ¢

i's present| y2(r edmorphshistpattems, Bince ait arrsy is by idafistioar "o@demiﬂ in meqﬂmicallamen

with the present e hj t nS 30
woill «g&d g Nt e%t&?@%'}h@’}uf@ ?h hididt o x;ié)- tition on 561 e

circunstances it nmay esira |'es ire sur f such

a web to eR'l?F‘B?‘?“ss diegordingly; 3 linepr mmra\m ﬁmveswea Mwa‘haptm yrouldal |
portion of the V\ﬁbldrmatxsucauy differétit alues depenting Ulpah théldirectiondih which theskagns or

may in fact be f_“."

pl anar surface. dgfgptl Onﬁa"}% rga%g’t“ﬁ%rgﬁg"tm%%?gaﬁ%?%m ,g,sg;sg.g\t Lr\éa
formed as a %%rrpwemwetay spage chetvegen cprotspsions etci avithas sopespandiag, varigiogained
conti nuous 35 Mémbebﬁmbdﬁek or wound upon itself, manufacturing

s g g gcon L
the web allows s "B(Y§ B’BFF’t*? tg?“’ Fté%tsmﬂjv BEE’E?‘H“an“ %o the web, and
spacing between adjacent protrusion centers. Without wishing to be bound by
30 theory, differences in center-to-center spacing of adjacent protrusions are believed to
play an important role in reducing the likelihood of nesting occurring in the face-to-
back nesting scenario. Differences in center-to-center spacing of protrusions within
the pattern result in the physical sense in the spaces between protrusions being
located in different spatial locations with respect to the overall web. Accordingly,
35  thelikelihood of 2 "match" occurring between superimposed portions of one or more
webs in terms of protrusions/space locations is quite low. Further, the likelihood of a
"match" occurring between a plurality of adjacent protrusions/spaces on
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possi.bility only exists when precise alignnent of superinposed webs or web
portions occurs with such webs or web portions representing exactly
one repeat of the pattern (or an integer nunber of repeats for a
cont i nuous woMNRIYT@52%0| ded web). This contrasts with t RETHEX 003§
character of webs formed of uniforn1y-sha2§d protrusions 5 in an array
pattern wherein each protrusion is a repeat of the adjacent protrusions

such that the repeat distance is a single protrusion spacing. In such a
configuration, superimpesed grebent webponioss ismayemiowted doe taithei dmonplivus namyraeit

occurs with a S{Heg}otﬂfsmﬂ Patdth e t han one protrusion- spaci ng.
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an area is unifbehispaciigddtween hdjacenhpropradidmrpossibléi 'Ehxslsfpamculadjn ugdfultféve term

"i somorphic is %g’n%e e@'l %&(lohﬂof the thre@q:lﬁ'f?é Hzﬁ ené%ﬁﬂ(‘;ﬁn?&n@ﬁébﬁﬁlﬁ@énag%? g of

the term as, evi orrespon tron 1n bster's
Ninth New bt e@'eéﬁ“émM'PP’cﬂﬁé{Y‘ Whﬁﬁe Rstanpl e, a prescri bed area

conprising a stati stAcsbédt}brsweymffmamM canl b dntemiongllyodreatred ovith a\plutaliRSof
regard to the eghhbeoR TR RfHR t%%ngr eF'BiHvéb, wdn! 1f thd ﬁ&ﬁtséf' éﬁxkh)bn of the

substantial ly equl val ent or suéh we '8'&08?”' rusi on
area, nunber de?Pé’Pet“f‘QSPhws pattern, in,two QF; meFe sughyregions,  The: Jesigher Tay pu %ﬁ? th,
etc. Such a cor sephrate amorplioub edgicas sdthcaregularefined, non-amorphousemttemt ortaoray,

physi cal , ;6 UChiidvah a WGlnkP s & :ﬁo\efﬁﬁ B ;toa'imx% 'c'amdﬁﬁi.émeﬁswﬁ%
the web surtace, angd partic SO'W t {l % Ero ertl%s neasur ed
nor nal formations containe wnt n a non-amorphou area can be of umber density,

height or shape. Further, the shape and dimensions of the non-amorphous region

itself can be customized as desired. Additional examples of formation shapes, but not

intended to be exhaustive, are: wedges emanating from a point; truncated wedges;
25  polygons; circles; curvilinear shapes; or combinations thereof.

Additionally, a single amorphous region may fully envelop or circumscribe
one or more non-amorphous areas. An example is a single, continuous amorphous
region with non-amorphous patterns fully enclosed near the center of the sheet or
web. Such imbedded patterns may communicate brand name, the manufacturer,

30 instructions, material side or face indication, other information or simply be
decorative in nature.

Multiple non-amorphous regions may be abutted or overlapped in a
substantially contiguous manner to substantially divide one amorphous pattern into
multiple regions or to separate multiple amorphous regions that were never part of a

35  greater single amorphous region beforehand.

From the foregoing discussion it would be apparent that the utilization of an

amorphous pattern of three-dimensional protrusions enables the fabrication of webs



30 to the plane of the web such as crush-resi stance of protrusions, etc.
Uilization of an anorphous pattern of three-dinensional protrusions has

ot her advantages as well. For exanple, it has been observed that

t hr ee- di mensi onal sheet materials formed froma material which is
initially isotropi ithin the plane of the material regmg eral ly
I sotropic wt hwlﬂgs’géé%gf' to physical web properties in 35 di r@’?%’g}g&\?mgt hi n

the plane of the material. As utilized hergin, the term"isotropic" is
utilized to refer to web properties which are exhibited to substantially
equal degrees in all directions within the plane of the material.
Thi s defi niti on ha¥ing the adwantages of an array pattenp(fop 2xampie Sxatistical uniformity in web
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pr ot r usi ons,Jéet 3’.°"{d CHM%E%T{)%‘S“ a%ﬁ‘fﬁf??fa?‘&l?ﬁéﬁ gt wht °@? ?‘g'fer &:Fﬁf“gﬁ
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web is believed to t. i L drSinl | Ml Okt &8 N6 of
web 18 bel eved WH&J& géstﬁudgm frealdithinsiohd 3ru@0rdl 1@ detired phikical propertiéd

i ghl 1 ght ¢ he. dPEMPHBHIAE siuehisanl feats e itd, sppmer g}%ﬂ%&r&%féﬁ%ﬁg?‘ﬁg,e S noe
an array i s by thrée-dimensional copbgrapbiical featutes ashwell esiiths ehaiee jof materials amhil d
exhi bit sompor egoHniigl tekhriduies."SFot &@mpR 8EErmaBRAGIRUimeRnal prfrusiGisaivion Of
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upon their cross-sectional shape and average equivalent diameter. The bending
modulus and/or flexibility of the overall web will depend upon the relative proportion
of two-dimensional material between three-dimensional protrusions.
25 When describing properties of three-dimensional structures of non-uniform,
particularly non-circular, shapes and non-uniform spacing, it is often useful to utilize
"average" quantities and/or "equivalent" quantities. For example, in terms of
characterizing linear distance relationships between three-dimensional protrusions in
a two-dimensional pattern, where spacings on a center-to-center basis or on an
30 individual spacing basis, an "average® spacing term may be useful to characterize the
resulting structure. Other quantities that could be described in terms of averages
would include the proportion of surface area occupied by protrusions, protrusion
area, protrusion circumference, protrusion diameter, etc. For other dimensions such
as protrusion circumference and protrusion diameter, an approximation can be made
35 for protrusions which are non-circular by constructing a hypothetical equivalent
diameter as is often done in hydraulic contexts.
The three-dimensional shape of individual protrusions is believed to play a



yield statistically different val ues dependi ng upon the direction in which
the ray extends for such paraneters as nunber of protrusion walls,
average protrusion area, 25 average total space between protrusions, etc.
‘Wi th a corresponding variation in directional web properties.

Wthin the preferred anor phous pattern, protrusions wll preferably be non-
uniformwith We8%#85& o their size, shape, orientation with ngﬁ@ﬁx"f‘ﬂf t he
web, and . spaci ng between adj acent pyotrusion centers. Wthout w shing
to be bound by 30 theory, differences it center-to-center spacing of

adj acent protrusions are believed to play an inportant role in
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thickness would be greater for a protrusion having a greater number of smaller sides
and would maximize its crush resistance by having the sides of substantially similar
dimensions to minimize the weakest link effect.
It should be noted that the foregoing discussion assumes geometric
25  replication of three-dimensional structures from a forming structure of geometrically-
sound shapes. "Real world" effects such as curvature, degree of moldability, radius
of corners, etc. should be taken into account with regard to ultimately exhibited
physical properties.
" The use of an interlocking network of frustums provides some sense of
30 uniformity to the overall web structure, which aids in the control and design of
overall web properties such as web stretch, tensile strength, roll profile and thickness,
etc., while maintaining the desired degree of amorphousness in the pattem. In
addition, when utilized as a base structure for application of an adhesive or other
active substance as described in the above-referenced and incorporated commonly-
35  assigned, co-pending U.S. Patent Application Serial No. 08/584,638, the use of an
interlocking polygonal base pattern for the protrusions provides a controllable width
and spacing of the valleys between the protrusions so that the area available for



15 present invention, as will be discussed hereafter. A
sheet or web of material can be intentionally created with a plurality of
anor phous areas within the sane sheet or web, even to the point of
replication of the sanme anorphous pattern in two or nore such
regions. The dﬁﬁig%.?{s g TRy purposely separ at e anor phous gEgisRReMst h -a
regul ar define non- anor phous pattern or array, 20 or even a "bl ank"
region with-no protrusions at all, or any jgonbination thereof. The
formations contained within a non-andrphous area can be of any nunber
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an anor phgus pattern of ‘three-d Si ona otr ns enapl es
fabrication 019 (%g @% Accordingly, even 4morp r%ggﬁttems (V) cnrcuar s apes are limited }n

PCT/ US97/ 00245 terms of how little non-circle area can be designed into the structure. 1Conversely,

havi ng the psivapis@eing o@onﬁ[ sEaped WithChiite lédahé e?sxafmi’d@s %t afd Shdpeélwith
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nest abi | i ty andsenss eanthe(mcbm.such that adjacent sides vdjacantopnlygongeanchet iheoptaetsent
invention may haygy ek lehfie 'lé?l@ﬁl SueK fﬂifithglfe is no "tra Meli Had %ﬁﬁc@ ween corners.
t hr ee- di nensi onglcﬁfﬂrﬁ%& R} m’accor E‘% |¥ need, Igot be aol an‘ggnvex
pol ygonal shape § theyefore gpegupthee siblerangg of polyganareafzom pearyy s ons
in the 20 0% to nearly 100%, which may be parncularly desirable for certain applications

' where the low end of free space becomes important for functionality.

Any suitable method may be utilized to design the interlocking polygonal
arrangement of hollow frustums which provides suitable design capability in terms of
desirable protrusion size, shape, taper, spacing, repeat distance, etc. Even manual

25  methods of design may be utilized. Such pattern may be imparted to the starting web
material in any suitable fashion, including manual methods and methods of
individually custom-forming the protmsions.

However, in accordance with the present invention, an expeditious method of
designing and forming such protrusions has been developed which permits the precise

30 tailoring of desirable protrusion size, shape, taper, and spacing within an amorphous
pattern, repeat distance of the amorphous pattern, etc. as well as the continuous
formation of webs containing such protrusions in an automated process.

A totally random pattern of three-dimensional hollow protrusions in a web
would, in theory, never exhibit face-to-back nesting since the shape and alignment of

35  each frustum would be unique. However, the design of such a totally random pattern
would be very time-consuming and complex proposition, as would be the method of
manufacturing a suitable forming structure. In accordance with the present



shape of substantially-equal -height frustunms having convex pol ygonal bases
in the pl ane of one surface of the material and having interl ocking,
adj acent parall el sidewal | s. For other applications, however, the

- protrusi ons need not necessarlly be 10 of polygonal shape.
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t wo- di mensi onabvegalk pattern, willibe the smaas amsotber like geupig-of prasaisioss. Mb@mor on

an 30  indivi Hﬁéﬁ;th%?ﬁfé‘ tﬂﬂelaﬁﬁénﬁonﬁ@heeﬁfﬁ@{eﬁﬂ%ﬂl E t@@nitf BannESNg Bﬁ ef ul
to charactgrize sutln structure.

\r/ %tjﬁgt | tel ei # X tt coul d
be descri btd |‘E?3‘L°3r material, 84 'ﬁ‘ﬁ’gg‘ a givel RIPHEHsiqR FYF&'e €8t 8%
surface area oprotrpsienl fings fsebf supsnmmsed avet asifiglsnmatching @P@&Slmpﬁ'@?? dhei on

circunference, rﬂfﬂhéﬁ&%hﬂﬂuﬂxﬁ‘iﬁé ﬁflgle BldirusioR of teh@f will diféSh 626, shajfe)and as
protrusion circu lgfere ce

si.on n LOXI MAti.o an be
made 35 for BFYEPLsiEHE™ Wﬁ‘feg'r?'ar‘?aﬂ% f%ultﬁ?geby g‘ﬁ'g?'?%ct”%ﬁg é}hg
hypot heti cal emtmabddtpressnon dianeter as is often done in hydraulic

contexts. 20 Professbh Dalvias 88 1 UR G Lif e Martheieer Has bedh stidiing porous

Eg} ng;?ggzzgcelﬁe“ %Xrgxcriuct z%et%LmXes and, more partlcular}grphas {>een ge(?leratmg analytical

models of such membranes to permit mathematical modeling to simulate real-world
performance. This work was described in greater detail in a publication entitled
"Porous cellular ceramic membranes: a stochastic model to describe the structure of
25 an anodic oxide membrane", authored by J. Broughton and G. A. Davies, which

appeared in the Journal of Membrane Science, Vol. 106 (1995), at pp. 89-101, the
disclosure of which is hereby incorporated herein by reference. Other related

mathematical modeling techniques are described in greater detail in "Computing the
n-dimensional Delaunay tessellation with application to Voronmoi polytopes”,

30  authored by D. F. Watson, which appeared in The Computer Journal, Vol. 24, No. 2
(1981), at pp. 167-172, and "Statistical Models to Describe the Structure of Porous
Ceramic Membranes”, authored by J. F. F. Lim, X. Jia, R. Jafferali, and G. A. Davies,
which appeared in Separation Science and Technology, 28(1-3) (1993) at pp. 821-
854, the disclosures of both of which are hereby incorporated herein by reference.

35 As part of this work, Professor Davies developed a two-dimensional
polygonal pattern based upon a constrained Voronoi tessellation of 2-space. In such
a method, again with reference to the above-identified publication, nucleation points




16 role in determ ning both the physical properties of individual
protrusions as well as overall web properties. O particular
interest for certain applications is crush resi stance of protrusions
(i.e., their ability to resist a deformation by crushing and/or
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size and shape that would be required to fill the desired forming structure. Assuming
common units of measurement, the forming structure area (length times width)
30 divided by the square of the sum of the polygon diameter and the spacing between
polygons will yield the desired numerical value N (rounded to the nearest integer).
This formula in equation form would be:
Xiax Yot
Neo——— M M
(polygon size + polygon spacing)
35 .
A random number generator is required for the next step. Any suitable



- WD 97/ 25256 _

PCT/ US97/ 00245 17 contact of the active
agent with a target surface may be tailored. The use of external
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25 neighboring nucleation point locations through the introduction of an exclusion
distance, E, which represents the minimum distance between any two adjacent
nucleation points. The exclusion distance E is computed as follows:

E= 28
Jax
30
where A (lambda) is the number density of points (points per unit area) and 8 ranges
fromOto 1.
To implement the control of the "degree of randomness”, the first nucleation
point is placed as described above. P is then selected, and E is calculated from the
35 above equation. Note that B, and thus E, will remain constant throughout the
placement of nucleation points. For every subsequent nucleation point (X,Y)



woul d, in.theory, never exhibit face-to-back nesting since the shape and
al i gnnent of 35 each frustum woul d be uni que. However, the design of such

a totally random pattern ~ would be very time-consum ng and conpl ex
.proposition, as would be the method of manuf acturing a suitable
form ng structyre,. 4 accordance with the present rcYEs 3 /00243256
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i nvention, the non-nesting attributes may fe obtai ned by designing patterns
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: coordinate locations of each nucleation point not used to define the particular triangle
are then compared with the coordinates of the circle (radius and center point) to
determine whether any of the other nucleation points fall within the circle of the three

25 points of interest. If the constructed circle for those three points passes the test (no
other nucleation points falling within the circle), then the three point numbers, their X
and Y coordinates, the radius of the circle, and the X and Y coordinates of the circle
center are stored. If the constructed circle for those three points fails the test, no
results are saved and the calculation progresses to the next set of three points.

30 Once the Delaunay triangulation has been completed, a Voronoi tessellation
of 2-s;iace is then performed to generate the finished polygons. To accomplish the
tessellation, each nucleation point saved as being a vertex of a Delaunay triangle
forms the center of a polygon. The outline of the polygon is then constructed by
sequentially connecting the center points of the circumscribed circles of each of the

35 Delaunay triangles, which include that vertex, sequentially in clockwise fashion.
Saving these circle center points in a repetitive order such as clockwise enables the
coordinates of the vertices of each polygon to be stored sequentially throughout the



di scl osure of which is hereby incorporated herein by reference. O her

rel ated mat hemati cal nodeling techni ques are described in greater
detai’l in "Conputing the n- di mensi onal Del aunay tessellation with
application to Voronoi polytopes”, 30 authored by D. F. Watson, which
appeared in The Cbnputer Journal, Vol. 24, No. 2 (1981), at )
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As growth fr ontt rom nei st ops
and a boundar yformation; of %l‘fﬁﬁ?” f’Pﬁb%‘b'“B@Uhﬂ‘&P%F "I'qbrfg?t’éﬁ%mﬂf(ﬁﬂﬁh a Smtal-"lfihe edge
of a pol yghn, fmtﬂng\mubmmeeoxﬂpﬂshg(?h hygating of frcddsivers finikhedothredadiMensionsls -

While this th | h
patterns may E%‘“‘%g ¥ '9“39‘ RN B s Sptlat S cHREE I LARNTS B bl
remains the i s‘é’éfgb rcesgp eeatftemmagentlyéie&mﬁhemmwn repetitions

step-wi se to propadirbm théeonipletedditi file of PolygdhOieRt:6 covrdinaés] b phidivaboriip@ut t he

des 12 1151 Gl e 0B B o BB, B 1
per f orm t hese B8y kantilizedingogyeptional E@tgpm%pmm@ttwdﬁwmtabwwﬁm and
I nput parpweéserzs fonfl ol hredcdimehsichall dodntind s@abitye tsuitable for formmg fee first

step'in gener In

Stricture s ol oPRid fiefbn Gvelith; (gl 69 {6 S i ine v%dﬁb{?sguct ire.
For ex anp‘f’é“'eq f CPtantsr Pregrapcan bg writtea tq ridrong of giors pasallel fingste eechg

i nches w de angblygdnisidehtencrease tliebm@dthf(eﬁd hyhtce Oevpdabe/ thieGizei of ghd polggems @dr um or

belt as an X-Y coordi nate systemis established
Brip g ool

with the maximim nsron” (X err]) being 8
Preferably, the computer program described above provides as its output a

computer graphic (.TIFF) file. From this data file, a photographic negative can be
made for use in a photoetching process to etch negative impressions into a base
material to correspond to the desired frustum polygonal shapes in the finished web of

25 material. Alternatively, depending upon the desired process of generating the
negative forming structure for forming the finished web, it may be desirable to tailor
the output of the computer program to deliver coordinate points, etc. of the
polygonal recesses, such as would prove useful if a mechanical process were to be
‘utilized. In addition, if it were desirable to form a male pattern the computer output

30 . could be tailored to provide the desired information to the forming apparatus to the
extent it may differ than for a negative (female) pattern.

To provide further illustration of the effect of increasing levels of constraint
obtained by various values of , an exemplary 8 value of 0.25 (i.e., in the lower end
of the range of 0 to 1) yields a much greater variation in the center-to-center spacing

35 of the nucleation points and thus the resulting polygons than does an exemplary B
value of 0.75 (i.e., near the higher end of the range of 0 to 1). Such degree of
variation in center-to-center spacing also in the geometrical sense translates into a




i nches and the maxi mum Y di nensi on (Y[err]) being 10 inches (or

vi ce-versa). 20 After the coordinate system and naxi mum di nensi ons
are specified, the next step is to determ ne the nunber of "nucl eation
.points" which will becone pol ygons correspondi ng to the nunber of
protrusions desired wthin the defined boundaries of t hepé&Piss7ne24s
structure. Thi ¥ Is an integer between 0 and infinity, and should

be selected-with regard to the average sizg and spacing of the polygons
desired in the 25 finished pattern Larger nunbers correspond to snaller
pol ygons, and vice-versa. A useful approach to determning the
appropri at e nunirerresgonding degres ofvapasionta nypber of sidesap thg semulting PRYES RS BEl ¢ he
number of pol ygaR$oRkomBizé the dffetis U whity paird @isdussld abovel. flarander to pregiuzethand

shape that woul d, be r ired to, fill t.he ' ] : .
e ng Ve iasfed BEL & Bpbabishbss AE PR bl 09 pRlygbfs, 1he value
(length times wipfesenthapreferrgd fardis 075, buiahis yalue may, pf qyEsedg tailored ssdeqired gon
di anet erI andlst hQﬁ%?i@Sip&gicﬁlﬁridwﬁiﬁon. po![ ygons wi I)I yield the desired
nureri cal val ue raynded to the.near.est,.i s . ; in
equation form woul d -glgx_e ;;oixgpr area dt&r@xtlon dec&%?e‘g'eas the constralxptlﬁ l% Q:g VooR size
+ pol ygon spaci n¥gicdifferently, the less constrainedipatism exhibiia p brpaderrangs ofpelygah#iresed

for the next st aRan thedndreichisbaied pattern. Moreov¥iDf&7d giveibsample “test box" drawn
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random nunber ge‘ﬁiélf’i'éfhgrpaﬁﬂgvﬁldlaggetiH6}§eear%al<‘?fltli'eetﬁstibr?x ¢ ﬁee“%trh? ”&‘&5953 Rjotlﬁolnz ed,
including 10 areéerca givepupatterry As thecarep afithedest ber daerpases: itheyvariabiity, % vel
deErte)r m ned st ar tpohggol atdaSincreases. §¢I§‘hrsa§, &the Aeh @f teatest thorincrédsesy beyandiam (
nurber generatorgs gperate t, ovij de . ne
0 F ) S and 1 neStAB BoG fis % pBUE irés Fomaing s BFCuaRGlIRE Bere il Pk o
generator. A gerconstrainedvaterialipf (lasgdr By displaysa muehynastoswst frageief Yo poligon preahe
result is converimadiohGerg@e A \eiiaht RPONRRR afdl A a2dikhlleNRsiObox Sizeathiph @ledsat e
oo e b Sy, s oo BB g S L
to generate as ruehymorencansirainethtsssellations exhititylesy wariation jm aeriak dgngitys i§-cthet he
desired nunber ObcaliRéiCinfditel O pro@isiing and edrfedpchiing prdtAlidNs WElls] Per unit area.
nurbers are:generatod, gl LCLGLE BUTDSE S, 3 ol b it el oS e

upon ions, it wou

of consistency may be designed into the patterns generated according to the preferred

20 method of the present invention even though amorphousness within the pattern is

preserved. Accordingly, three-dimensional, amorphous-patterned, nesting-resistant

materials may be formed with statistically-predictable geometric and physical material

properties.

Referring once again to the drawings, and more particularly to Figure 2, there

25 is shown a plan view of a representative three-dimensional, nesting-resistant sheet

material suitable for use as a storage wrap material of the present invention, which is

generally indicated as 10. Figure 2 represents an amorphous two-dimensional pattern

generated by the above-described method utilizing a constraint factor of 0.75.

Material 10 has a plurality of non-uniformly shaped and sized, preferably hollow,

30 protrusions 12, surrounded by spaces or valleys 14 therebetween, which are

preferably interconnected to form a continuous network of spaces within the

amorphous pattern. Figure 2 also shows a dimension A, which represents the width

of spaces 14, measured as the substantially perpendicular distance between adjacent,

substantially parallel walls at the base of the protrusions. In a preferred embodiment,

35  the width of spaces 14 is preferably substantially constant throughout the pattern of
protnusions.

Protrusions 12 of the present invention are generated with non-uniform size

maxi num X



di mensi on or the maxi mumY di nension to generate randompairs of X and Y
coordi nates all having X val ues between zero and the maxi mrum X di nensi on

and Y val ues between zero and the maxi rum Y di nensi on. These val ues
are then stored as 15 pairs of (XY) coordinates equal in number to the
nunber of "nucleation points". I f the nmethod described in the
precedi ng par ¥Q¥BAPs utilized to generate a resultin ?9{7@9%5 t he
pattern wiJl be truly random This truly ndom pattern will, its
nature, have a large distribution of pol ygon si zes and shapes Whl ch may be
undesirable in sonme instances. For exanple, | arge distribution of polygon

sizes may 20 apdshrpecolthatguateral il Bmayrbs wwnmtqaa splbwithewt riesting ocowreing
regi ons of the peRveen MyefFBf nhadéHal within thé folidi THel :ceddxﬁgLﬁﬁsthm fe6¥1 9 acHidveg Web

d di he f
sone. degree of PETET e BuepRedTcpal . GEtng PriSisinoihe, dscust Abayd ikl the O,

the generation abifity of the é‘meltzf onp dryen to ahcn atithahe back ofoamothet layercwharebyrthe
"constraint} i %rotrusnons oh aﬁ@ﬁy&r@néreﬁeeaép?&s.b% t&%@@ﬁéhﬁm é’a’éh Rithisioh ifR) . The

ocat i one. t hr odfAtR P TishentacHt racrow, romat Hhacss BerSed pfomis i o1,

represents the that protmusiods 32 canoet a:l@tqn@mpmgxm wherdldyess efrmaterial 10 areplacedit i on
poi nts. The ex@idesh@iedi Stance E is conputed as foll ows:

(E ;;m[ ﬁ{ ;] pe?ounl t argnéim&?‘?h ?é%"fe] PP ﬁ’g@)?paced °e'?‘Fn§L5|’rr]ﬁbeg{ef gr?gvera e dltak? b ° To
i npl enent tlfle @pproxinlately tw protdsipndmse diamatedonn eloser, in hedef ko sinimizel thet i on

point is pl acedo&&ed&smneﬁ%:@&e\ﬁotnlsﬁhg Lnd hénc& hﬁé‘a:ﬁ&lr@%?@ﬁbsta%@dlo%atb& _
calculated fro the3 t hus Eévmll
F

remai n const anteMFEBUIHBut ef’ﬁ@pﬁ%m""s pY"B"c‘%H{adi "BF"dr‘?h ‘Iti‘é flTe B’°88F'ﬂ?s or
every subs equedpfmndﬂaahe rotpusions l@)grh&rably have heights which Qe 159 gan their

PC:]_/ rUSfEWé 002ﬁ5 daameter S, SO t]!xat whetnhth ey deform, deform by ﬁﬂ;@traﬂﬁdﬂ?ti@e tantr
%ﬁcleegt |60n o?ﬁf‘lsf“ﬂ ‘ﬁ&é‘r‘ g’F'DF @‘Qﬂ’; ‘E%'bﬁ”ﬂia '\Léf"“gﬁ fea E‘V‘E{ éﬁfgﬁmﬁeﬂf‘ess
t han E for any This protrusion shape and mode of deformmg discourages protrusions 14 from
folding over in a direction parallel to a plane of the material so that the protrusions
cannot block a substance present in the valley between them from contact with a
target surface.
20 Figure 3 depicts a fragmentary elevational cross-section of material 10 taken
at a location where a complete protrusion 12 and both adjoining spaces or valleys 14
can be seen in cross-section. In this view, the upper surface of the web which faces
the viewer of Figure 2, and which includes the projecting portions of the protrusions
12, is identified with the numeral 15, and is referred to hereafter as the male side of
25  the material. Correspondingly, the lower surface of the web facing away from the
viewer of Figure 2, which includes the openings of the hollow portions of the
protrusions 12, is identified with the numeral 17, and is referred to hereafter as the
female side of the material.
Figure 3 shows a substance 16 added to spaces 14, as well as to the hollow
30 underside of the protrusions 12, in accordance with the teachings of commonly-
assigned, co-pending, concurrently-filed U.S. Patent Application Serial No. [ 1
Attorney's Dacket No. Case 5922R, filed November 8, 1996, in the names of Peter
W. Hamilton and Kenneth S. McGuire, entitled "Material Having A Substance
Protected by Deformable Standoffs and Method of Making", the disclosure of which
35 is hereby incorporated herein by reference. Substance 16 partially fills the spaces 14
so that an outer surface of protrusions 12 remain external to the surface level of
substance 16 such that the protrusions prevent the substance 16 on the male side of



poi nt, the new y-generated (XY) coordinates are deleted and a new set is

gener at ed. This process is repeated until all N points have been
successfully placed. If [err]=0 then 5 t he exclusion distance is zero,
and the pattern will be truly random If [err]=1, the excl usi on

di stance is equal 1o _the nearest neighbor distance for a hexa s0Se-
packed array. é‘gq%}&s?#?g [err] between O and 1 allows control ggg@kévﬁugﬂ

"degree of - randomess”_bet ween t hesexd wo extrenes. Once
the conplete set of nucleation points are conputed and stored, a 10

Del aunay triangy) ation J erforned as the precursor 0 nerati,ng the
fini shed 5{5? atsra Eﬂgt"t jng coRige! YXEE“'B#F’"& a&ﬁn?&'ﬁﬁf%g&ﬁ‘g& fhe gle T
this process corssleiof theematgrial, substamsieri| partiabiy fillsrthethodiow ipretrusipne quahvthatethe

al ternative to irgwRedl §i¥€lof the ValrdydGr %uﬁéés betweenP RkYEIIES pfdtRisohd) GerdetC hgat i on
poi nts si mul taneo%isl a{%@ﬁil rcles, as cri be[\g I, .t@e rrusi tt}ﬁ%oretidcal
nodel above. Thé&" H%‘ﬁ’é PR B@y‘f'ﬁlf‘%sﬁétﬁnﬁ% rleg'Hb P ABIFONS o aking
generate set$§ ofcontactewitnextbragltsufacepoiSubstarices withig different gidesof the aiateriabi0 a
circle CORA/LHGHRI dfferdR §SorhddiQMGHAistiR? $Bnds Wit #GHObEmidelidl 10Xeed

i ncl ude any other nugleatio points wihin the circle, To perf.ormthe
Del aunay tri angd’l"h{’]? jsame E"@ﬁxﬁﬁ‘ieé"d ﬁPBlgr‘%ﬁFt be é’s‘"\‘@y qﬁF'teF'eﬁ‘l'bftﬂncﬁg SERBE e
every possi bl e clistibitlyatifferent difnctibnsee nucl eati on points, with each
nucl eation point bei REIRBRALDTEFefied I Bi4GnVRHARELs dnly MatORT dapBBIE BF YeifPheld O
i dentificat Lgn purgose?]. Thﬁ/r di us. and_.ce teag‘%gl.nt coordlpﬁt es, are t hen
cal cul at ed i ppen vallgys andéor depressipns of p Sbrgs, pjoual, strycrure;, In the present
triangul arly- ar invegtinh, thei tetns "sulitance” can mezo @rftiwable sulistanae wbich isfubstantially
Compared wi {h t”tﬁg”"?é’“"*ger pridraoC BN th P gl IR SUbSBRA Ran sl ménfa CT
det er ni ne whet hé'?at?{l‘?gw t Esnaﬁiqt‘:"ratrﬂycF\%cg‘tqscf‘nhHBﬁ‘%?rsm?‘ﬁﬂ ﬁme&ﬂ%ﬂﬁ‘ﬁﬂaﬁé%'ci rcle
of the three 25"Substinoé"smay miean ar fhiil .orl 4 solie athedives,c tlecirasiaticy, endcbani¢ahose
three poi ntgspagmesockiig, & fary(sﬁf?action, surfabd) edsofpHioh, S4d| fAEYAO Ko exaiple ingp

2 . ng‘ and

within the circle), th ree
coor di nat es, thb‘%’%ﬁﬁ'i"ﬂ

o] nt nunbers, thejr
the sbstznes ndhe uallys 00 of deprEpsions. o e AURSLETEES BY { ne
circle ceibe qrermanently belédn thef valleys amifort depedssionsc ior ghee sibstantdsasay dbér ee
points fails theubeRl o Bé’releg?edtthér %ﬁeﬁﬁfpcggd’l%%oﬁﬂg( m?e)&&hﬁlﬁhﬁideﬁ’ar

progresses to the next, set, ee poipts, Once t.he unay
triangul ation h %gﬁ’ﬁh%ﬁﬂe@f‘ ,St&“’sﬁ? Efrf@f""ﬂ’é‘!)é’@?‘F%ﬂ' Gtherwise ac“éﬁteg-eégace'
i's then per 20r medrrem igteresy atf thet presehi invedftion inclligeg substandes sacle @snglelss pastése
tessellation, e n [ ' she : unay
%ﬁg@% dr?ﬁug;&a %gﬁgﬂagﬁnzﬂ,rhg&o&c RibRd IRfuid, Raka!

' |
triangle orns, t e%e a . outl'ine of the polygon is
t hen const ruct ed*§pgnsions, hq“é’é-cﬁﬂéﬁ?‘i"‘é!f‘?‘&*’“ééﬁf?@ﬁti ng the center points of the
ci rcunscri bed circl eThefspazacin the thiee-difiensionid | seructase off tharpyésest, invéntioh areicl ude

that vertex, Se%Uﬁi'iHllE:éﬁfttﬁﬂetﬁ}quﬁvﬂeﬁ?abi]eat%m&{ substances slgﬁglt?ﬂcé Sfot Fid €l €

center poin in a [t I ve grder such .as cl ockw se es .t he
coor di ngt estzgf PHb°{/' pt#"&&“‘o‘l‘""@&&ﬁ“ Bervptiomsten ke actiyatiop step, 9F the presept

t hr oughout the invention is preferably deformation of the three-dimensional structure by
compression. However, an activation step to cause substance to flow could be
heating the material to above room temperature or cooling it below room

~ temperature. Or it could include providing forces excessive of the earth's gravity. It
30  could also include other deforming forces, such as tensile forces and combinations of
these activation phenomena.

The term "deformable material* is intended to include foils, polymer sheets,
cloth, wovens or nonwovens, paper, cellulose fiber sheets, co-extrusions, laminates,
and combinations thereof. The properties of a selected deformable material can

35 include, though are not restricted to, combinations or degrees of being: porous, non-
porous, microporous, gas or liquid permeable, non-permeable, hydrophilic,
hydrophobic, hydroscopic, oleophilic, oleophobic, high critical surface tension, low
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field of nucleation points. In generating the polygons, a conparison is

" .made such that any triangle vertices at the boundaries of the pattern

are omtted fromthe cal cul ation since they will not ?ﬁ

conpl et e pol W§e¥/25256 Once a finished pattern of @E?’f@ﬁsng
pol ygonal two-di nensional shapes is 5 ,generated, in accordance with the
present invention such a rétwork of- i nterl ocking shapes is utilized

as the design for one web surface of a web of material wth the .
pattern defi nichfjcal haurfagepieasion. sufface apredexpred., slasgally H‘M%i @??é}“,’a"hol | ow

protrusions yieldableOreMReichMyd Rohditive)i aridaleleptriphlyn aon-vediuctives t aExémmplary
material. In qQrder,t lyi hi. f Lon: Of o] [ from
an initially ﬁgﬁg S @é@sgg"r@f‘ap faﬁi 'liégtf’é)#ylmaef,s%i{g&%rgggf gldi?,% édr?%rr%nﬂ?\g
structure conphermosey matesialsaerossclinked materigls.gubhes Fozgn liguds. cARGIReFSMERL | onal
structure iss Gigie! Mmah-whdehatehidls, $tcarSuch gaterihie carsbe Homogentesiot commmsitionm t o by .

exerting co i’ﬂ%@&{se forces sufficient to permanently deformthe
starting matertal. T Fromthe conpleted data file of | ygon
vertex coor di nat es In & partigulagy, preferred gmbodiment, protysiges 14 ﬁ?"ﬁé‘“dﬁ'ﬁ%ﬁgg“\émy be
made of the fidnsdteCoftdbited.01Dincies|(9.98% @m) Tdalsoup 8ta30rinchs (0.0TGympeandt i | i zed

| COnVent T Onent Sty Fhork Bos TR RPN, ey AR wPBeR8 cERER! N0

process to f o/ Y'S mensi ona ucture b for formng

t he 19at dpicanter spacing of fem Hd3tinches £108 om) to Q-O%inghfézﬂﬂl% a°§'13va§ﬂdrf§°'5et ween

the pol ygons ipyeferably abdﬁ&)lﬂ’SQﬁhheﬁ(O@Dfﬂh\)tsFicidgr Ohisresultain dhighmimberdensityadd one
or nore parall |.ines t

each . ' | efialWM dt h
(and hence dect@EEBPRE 21‘%‘8°€§f1”?{ﬁ%"%'§|%§%'%'§§ r%{' 9@ thﬂg%i}rﬁéegggﬁgfl lﬂgtlearmunt).
Preferably, tHadcguetusiay wallsoganabe ifeouder te desish B &IVHY 66@6@@'%5@"’@3. Pueput a
cormg ter grap mrgfen(r%&r éhbodimhent fhe nﬁﬁtﬁép dfprdindidhpdrisquare iaclpmunlits 2aphndtheegat i ve
can be made for use i.n a chin :
i npressi orld i AFBHYSIGNS o&cupy from 7?5'(‘&0%}0 {Lgug’éd% ggg%i’ﬁ& tﬁfgﬁgﬁe eg’ggl?i% frustum
pol ygonal shapfsmaterial.hTHey havsha dratetsions heisht of ghaus Q.04 inches (@040 ) dpy
dependi ng ?pom.émp&&& tc%oﬂ# Gh)) atbmoref préferably abbut @.006enches g'){.OIrSeu;atHe_igft.f orm ng
structure tor JLorm the 1.nd ' (0 | vhi high tdRhsity"
t he out put of fl??epr?,@ pu fe"Blp'Sgr a 3p§&d@r®3€?al"£§orﬂﬁﬂe;§@ Sgsl n@s, etug. of
t he pol yrplyethylene (dBBEE, such as woul d prove useful if a mechani cal
]pr ocess -Wl%e to be for gabﬁcabhlora@ﬁ!dheéi%eawiﬁihg nmeé-ainiazsimfxesmgmamm t pd
orma nmale pattern t conput er ,out put u SssifeOVi de
the desired i S?nﬁ‘?ﬁeﬂﬁ’. laopq?ﬁgecf &qﬁ’f Ry 4 %@F%tcl (ésist&o gﬁ’ggj te e%t ent. it may
differ than f csensitivecasthesivecabottchleinchy (.95 mm) thick. Even more preferably, jaygs
further ill ustgmeiubaihcei16thay B dut 00005 Gieh €aoi Nani)atiek dayef ta abrait 10:002t
obt ai ned by vari,o al .of ler I 4 ho. Fahistamb 1 §5325
(i.e., in the ?ﬁkf\@?oséﬂﬂg)e&&]ay%?of{}kéﬂ%gﬁﬁég%?’ sgsct\r%& %’? el d% a Ru hhgreat er
variation 35 tmedehyrH 3. -FullerGnof Vadipisdigightg MN. Sy pehesie 3008 156 “%‘5"1 nts and
thus the resul fuit thefiebdsAF e thdtérial sysplication. Adhesplesmyy berefdstenable, reloashble of
075 (i.e., ne_glmnr ; he%t, holr% %Fwiger.]d'l‘l?g si%ehaendrsﬁgcgr% & perrﬁs@or&)is péﬁ?ﬁlﬁ%&ﬁ of
to provide a continuous adhesive path surrounding protrusions so that air-tight seals
may be made with a target surface.
30 " Film materials may be made from homogeneous resins or blends thereof.
Single or multiple layers within the film structure are contemplated, whether co-
extruded, extrusion-coated, laminated or combined by other known means. The key
attribute of the film material is that it be formable to produce protrusions and valleys.
Useful resins include polyethylene, polypropylene, PET, PVC, PVDC, latex
35  structures, nylon, etc. Polyolefins are generally preferred due to their lower cost and
ease of forming. Preferred material gauges are about 0.0001 inches (0.0025 mm) to
about 0.010 inches (0.25 mm). More preferred gauges are from about 0.0002 inches |

@)




variation in center-to-center spacing also in the geonetrical sense

translates into a WO 97/ 25256
PCT/ US97/ 00245 23 correspondi ng degree of
variation in nunber of sides in the resulting polygons as well as

pol ygon si ze, t@gg?{ggzggts of which were discussed above. |n orggidePooz4s
produce the esired | evel of anorphousness in the resulting pattern

of pol ygons,- the val ue »_presently preherred for [err] is 0.75, but
this value may of course be tailoredas required 5 to suit a particul ar
application d| st.r egution decreases as the

: Q%po o\égorl‘. are
constraint ([ err{9.005smm)se ahut £.002"nches (2P mmpl cEveny more preferred, gauges are
constrai ned patt fom abailiti 000003 irchés (0HA26 mrrangﬂlmnf 0.001 ingloas (&szemm) t han

the mor e, constrai ned el NHRRNE e ol ol RRARS Rinth2 Rpgikian " aun

within the pattern a cha ts the,range

of % pol ygon 10 durngcuseds EP“&F%W sakingcmaperiall O 4902 Sargst 58 "t%e tresghed fijm
decreases, th® vresalstin résidyaliforces parallel tofthé plgnenofaddhesiverconreats adich Gmywanseal v,

as the area of t &ﬁksx@&‘odd%rb?éﬁe%e 9§¥ﬁ%d Fnore closelfrﬁﬁéc@d fhepbidlsidnie %

pol ygon area re ns const an hrou out
constrai ned mat gﬁﬁ‘&"’a&“ ?‘aﬂf‘é’ rs?"f‘f BF%‘HF’!S)/@ aaB’Yﬁ!?JHmnaﬁm’Gm elastiseings o

pol ygon area mateaaldOomhdengb bhmndestrabisfcamke 86 podnyaien vaapwhizgh sealsstoml | er
test box size t hﬁ&tﬁnéreﬁaﬁre]a?e ot%ﬁ}fyﬁ% rn?ah ﬂ'[ e@ rtbta!m elEHTctzhﬁEnal cBhtaining a

consi stency in X cat]é gsr Pores hro
const r ai ned 3%33 tegn plskRstancs; Beducing dhe Rfﬁ‘t"ﬁ‘%&q %9?1"'!‘31‘08@? F'aﬁesambleypaqnse

t he | ocal i whidh rismasufachiirable miayUfdredse ntabelial str¢tels (banGt may pé desefisiabins
well's, per unit ghe éngetcl‘:e V?IUBIF of fubstaF&%%gveléR g#butu@fbﬁ? Slﬁmy %&l@%ﬁns ok 1ﬁ’éOU| d

be apparent that _a pr consi gned

into the patter nred smaterial) of the) Peaseny inventipe "}ﬂﬂe#'@#ﬁeelﬂleéome Hf@!! H’G@F“&fot he
present inventi oprofusions] AowghasahoseRbiinsoTehdsubstattiesuded ehepartither n i s

preserved. Aggordingly, Ml%&‘a? P&pgﬁﬂ@eﬁﬁ Qr?ngﬂm%?mqy%eﬁﬁﬂén {oRfi Sheet material

nesti ng-resi st ant
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there 25 is Shwﬁﬁof GRd IYseﬁ\%n,afefnm%o ?ls(f}/?f gfnglt ﬁ{ﬁcﬂng&e [ag%eﬁg Q04 of

nesting-resistan rage Wrap
material of the pmpatible shapgdince e profmsions jsurrounding the single pratrusis; of ntergsta s
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selecting the material type and thickness, as well as the density and pattern of

protrusions. It has been observed that in general larger numbers of smaller

protrusions provide a greater level of beam strength for a given material type and

25  thickness than a smaller number of larger protrusions. Said differently, thinner and

more conformable materials may be utilized and still realize the non-nesting

advantages of the present invention through the use of an amorphous pattern having

generally comparatively small, comparatively high number density protrusions.

" It is believed that the protrusion size, shape and spacing, the web material

30 properties such as flexural modulus, material stiffness, material thickness, hardness,

deflection temperature as well as the forming process determing the strength of the

protrusion. The forming process is important in polymer films for example, since

"cold forming" or embossing generates residual stresses and different wall thickness

distributions than that produced by thermoforming at elevated temperatures. For

35 some applications it is desirable to provide a stiffness (deformation resistance) which

is sufficient to withstand a pressure of at least 0.1 pounds per square inch (0.69 kPa)

without substantially deforming protrusions to where the substance contacts an




Material 10 has a plurality of non-uniformy shaped and sized, preferably
hol | ow, 30 protrusions 12, surrounded by spaces or valleys 14

t her ebet ween, which are preferably interconnected to forma

«conti nuous network of spaces within the anor phous pattern Figure 2
al so shows a dinension A, which represents the width S es 14,
neasured as tW@9%W8 antial |y perpendicul ar distance bet weeH> 36'1%3@8%{’5
substantially parallel walls at the basezgf the protrusions. In a preferred
enbodi rent, 35 the width of spaces 14 i“§ preferably substantially
constant throughout the pattern of ~ protrusions.
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when t hey defo orm
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of the materia tance
present in t hep‘mthr o beli fF‘I’QE‘ﬂ‘i fqréﬂ&mmacbv tbﬂ Psgr. gSidewalls ﬂ!"é#{fé‘
surface. 20  substantially fthifieér én a2t l&Bph baion of HrRONRRa aY cethgival tocthé material

Cross-sectypn gf th%[s&%@ét pqagioﬁladﬁﬂe protrusion also beneficially bias the deformation to
occur primarily within the sidewall structure.
In structures containing relatively small protrusions, as found in high number
density protrusion patterns, such thinner sidewall gauges can be particularly useful.
Protrusions 12 have sidewalls 22, which become thinned when protrusions 12

25  are formed, to help ensure that protrusions 12 deform as intended. High density
polyethylene is preferred over low density polyethylene because the former can be
made thinner for the same protrusion deform strength and because once deformed,
HDPE protrusions do not tend to rebound toward their undeformed initial
configuration as do the LDPE protrusions.

30 Protrusions 12 preferably have a convex polygonal base shape, the formation
of which is described hereinafter. By convex polygonal shape, it is meant that the
bases of the protrusions have multiple (three or more) linear sides, which form no
externally measured angle of less than 180° with any adjacent side. Of course,
alternative base shapes are equally useful. However, the preferred base shape is

35 believed to be most easily generated. Polygons preferably interfock in the plane of

" the lower or female surface 17, as in a tessellation, to provide constant width spacing
between them. The width A of spaces 14 may be selected depending upon the

onto a roll for transport and/or dispensing. Even with very low in-woung Xressures and




at a location where a conplete protrusion 12 and both adjoi ni ng spaces or
val | eys 14 can be seen in cross-section. In this view, the upper
surface of the web which faces . the viewer of Figure 2, and which

i-ncl udes the projecting portions of the protrusions 12, is identified
wi th the nuner nd is referred to hereafter as the Wﬁ|e§({1%‘s

the material. %P#Z@f}gﬁdl ngly, the lower surface of the web facing ngm%za)}?
fromthe - viewer of Figure 2, which ing udes the openings of the

hol I ow portions of the protrusi'ons 12, is identified with the nuneral
17, and is referred to hereafter_ as the femal e sjide of the material.
Figure 3 shows a velwmstofisulstance desitedibetweenpretusians. Paeferglly widih A is Ahways l¥p | ow
30  undersi de ofthdnhthe pfisinbiSpromssich’dimensicCcefodngt i pluraiity bf proerusionc I2. nThe of
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protrusions fromcARR%tng sids Of' therfoemed matenalexmmuveburfom& Sﬂf@!ﬁbs?tzam&
Wi thin different compfse Dfhrdetiimémionsli fafmidd structure oanﬂ/:ﬁﬂe%ﬁekyﬁyﬂavm

eonetrical |l yzdi st e of nmate ot be
Phe s oubd? andine o PrafeAgieF brlyndl Sane biving sy o iR w0 pcqupd 2B€
servi ng di pinsni4. | yindusef suchna formingi ssmisture would form corresgoirding, dergale | s
defined in this uapfegsfdn@mtasstmiﬁrere&@iduags@aamb?or&uhﬁtem held 10 in open

yalleys and!or o0t e3y sl BRSE CABIS| Bl SR Vi ol e >
substantial ly to formagncarrespandips threodimepsional materigl 10sugh aadme@mrﬁlwe 2.
"Substance" Qan WWiea aBafena 10 is therﬂ%fd?ﬁtb@'ov%oﬁhmé%ﬁﬂ'ﬁbetnf IpfothugionsiliR .aréuch
as a fibrous or %e erably i er‘J’ 9 E gQPem m{o recesses 34 with vacuum when material 10 is
heated to a softening temperature, and then maintaining protrusions 12 drawn into
recesses 34 while material 10 cools to a solidification temperature. In this method,
lands 36 define the bases of spaces 14 between protrusions 12. Protrusions 12 are
25  preferably formed with sidewalls 22 being as nearly perpendicular to plane 20 as
possible, but with some taper being typical. Outermost ends of protrusions 12 may
domed or more truncated in shape so as to form frustums of the corresponding
polygonal shape.
" Material 10 may be vacuum thermoformed, embossed, or hydroformed, or
30 formed by other forming means commonly known in the art for permanently
deforming thin materials.

Figure 4 shows a preferred forming screen 32 comprising interconnected
lands 36 surrounding polygonal recesses 34. Lands 36 are preferably made of
stainless steel and coated with a release agent. Most preferably, screen 32 is made

35 into a continuous belt 38, as shown in Figure 6. Alternatively, screen 32 could be
utilized in flat plate-like form or formed into a rigid drum. Figure S depicts a partial
cross-sectional view of forming screen 32 taken at a location which depicts a cross-



"Substance" may mean a fluid or a solid. Adhesives, electrostatics,
mechani cal 15 interlocking, capillary attraction, surface adsorption, and

friction, for exanple, may be used to hold the substances in the .
val | eys and/ or depressions. The substances may be permanently held in
t he val |l eys and/ or depressions, or the substances may be I ntended to

be rel eased tWOM3R528n when. exposed to contact with external BHPSIA®R4y,
when the three dinensional structure is deformed, heated, or otherw se
activated. O 20 current “interest-in tR8 present invention include
substances such as gels, pastes, f oanms, powders, aggl onerated
particles, pri bdction thougletwa nseaind@ lahddli dsends\38 Siave a dimenSibs B NGRS,

auide, and cop el \RSANGARR! which s preerbly. SOPI6 ekl feowesn |
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open; t her ef or &ubstantially pacallel adjaeent bndadsseSSajﬁﬁ dimensipnsk which fepsesgnts sefigen not
run 25 out othidkaessstructure without an activation step. The activation
step of the present e ref er a def o on_of
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ot nat g, o B PR B RBRRE poificor B with PR nChetiys Jordlt 1R,
def or mabl e rat iteraal backup s@een'sipurposelis to preweny furthepdnawingrof therpiretrusipnt Glhis
conbi nati ons inﬁi‘@&h%:msﬁfm&ebﬁﬁd eqmsme Wiltﬂm the sndewaﬂ@r ous, m croporous,
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hydr oscopi c, oleo
WO 97/ 2525135 when using hot melt adhesive for the substance, thermoforming behaves dxﬁ‘erently

) PCT{ U59|7/ 002;15111311 when other substances are proce?sed The dlﬁ‘erence lts that ?'otmgﬁml-. which
. critical surface e ca i e

ol st cal Ty a8 ol kBt el BB s Beet apiliod £ 8 roripe it 0l
non- conduct i veexlumm:p [thinning in their sidewalls. ok is bielieyid:that the ot mﬂﬁatﬁieswer ¢apils]
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conposi tion  uni onm;h'gkmgg valjeys result.. th other substances, such as latex adhesive, less
thinning of protrusion sidewalls occurs, presumably because some of the web
material in contact with the adhesive on the lands or pin tops of the forming surface
flows into the recesses during thermoforming.

25 Figure 6 shows a suitable and presently preferred method and apparatus for
making a material such as material 10 of the present invention, which is generally
indicated as 180. The formed material is preferably transparent or translucent, so
that it may be accurately positioned before being deformed. Transparency, however,
introduces a new problem of determining on which side of the three-dimensional

30 structure the substance is located, in order to know which side to place against a
target surface. Substance side identification can be solved by placing indicia on the
surface of the three dimensional structure, by coloring the substance a different tint
than the three dimensional structure, or by providing a laminated material structure of
different tints, for example. In the case of labels, transparency may not be needed

35  since material edges may be used for proper positioning.

Micro-texturing the material during forming may aiso be useful, such as in
producing a distinction between one side of the material and the other side. Micro-




In a particularly preferred enbodi ment, protrusions 14 have an average base
di aneter of about 0.015 inches (0.038 cm to about 0.030 inches (0.076 cm,
and - nore preferably about 0.025 inches (0.064 cm. They al so have an
average center- 10 to-center spacing of fromO0.03 inches (0.08 cn) to 0.06
inches (0.15 cq g,90d,more preferably about 0.05 inchespdfyudodnbizh
spacing. This results in a high nunber density of protrusions. The
nore protrusions per unit area, the thinngy the piece of material and

protrusion walls can be in order to resist a given deformation force. In a

preferred enbodi nent t nunber of trusi ons per uare jnch exceeds 200
and the 15  pr BYMGEs aﬂ?e&l&rmstﬁw&%ﬁ Tesiies olobs e BBesORdoYTyFtuEa ey be
protrusion si deaﬂievbdhm qh'e @resent inventionf forekample by diineyg tevdeca of materiabnton
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and nore preferﬁ 3/
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density 5 pol yet ForiningescfdddAE) .is #ideaded over idler Euﬂeyflsbrmdat driven ovRcusm
adnesi ve-cont al Riftba. (R ALABN T4 PR hererdlp bl 0103/ 5k ) ek, 12155
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t bout O. 002 Lve,
speci 11 cat f on i i) toll 184110’ 05 B ghachle” ol f i il p iy 82 303
Vadnai s Hei 4t sinchgg 218 gm3, Jrhich SPRVER 85 R E%mt'ﬁs‘l?ﬁ“%?%ﬁ“ for f""@m-“f’%“{‘ Hl needs
of the material appl Fm-enrbdxrcmgAdiiresureesanm ddhesivef cdntainivgbhateridlcd sutsahte,
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sel ected
protrusions so ?MF“‘Q" rlgq ivgtile femming screen 181 urapels #hé poutj 40, fegt (@tog@f’) 8¢f f ace.

30 : Fi inuret A waterial 190y fop exdimples; aMHDPE Roaraels ot 6.0085intlkes ¢0.0013ends
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eret 13 HIPHE D S A
conmbi ned by ot hiaterialinfeed idlereoll Wﬂeﬂ@é?‘f at approxigeately 60Q°E (316°Chand flowingak er i al
is that it be fmmmaemlmm(mmwmawmmemmm radially at masegialu|

resins include pgj Xg%mﬁlt%ﬂ' souft8! 6B S8 R%b %?enaPE%Fes (Wé‘r rdgﬁeﬁ;(arﬁs?]s ,

structures, nylon, f I'ns areﬁ rred
| ower cost and vacuum igappliedfo ﬁ’ﬁl‘"ﬁg sereendf hraugly V%ﬁ&'!‘@rfpall%éﬂ?gf%d éfﬂ@"ﬁlbout

0. 0001 inches (Mmakifold 196FroinCa vacuum saixee {ndd -sRdwn)i N&RacuunD oREppidRimatdiyr 12
pref er 1 ed_9augeR o eoiebblrd RS Kby 20 Bpileld 48 B materal is heated by Vi doifas®
194. A formed, substance coated material 198 is stripped from forming screen 18] at
stripping roll 200.
Stainless stee! forming screen 181 is a fabricated, seamed belt It is fabricated
25 in several steps. The recess pattern is preferably developed by a computer program
according to the method described above and is preferably printed onto a
transparency to provide a photomask for photoetching. The photomask is used to
create etched and non-etched areas. The etched material is typically stainless steel,
but it may also be brass, aluminum, copper, magnesium, and other materials including
30 alloys. Methods of making metal screens by photoetching are described in more
detail in commonly owned U.S. Patent Nos. 4,342,314 to Radel and Thompson,
4,508,256 to Radel et al., and 4,509,908 to Mullane, Jr., the disclosures of which are
hereby incorporated herein by reference.
Additionally, the recess pattern may be etched into photosensitive polymers
35 instead of metals. Examples are described along with a methods of making polymer
forming screens in commonly owned U.S. Patent Nos. 4,514,345 to Johnson et al,
5,098,522 to Smurkoski et al., 4,528,239 to Trokhan, and 5,245,025 to Trokhan, the



27 (0.005 nmm to about 0.002 inches (0.051 nm. Even nore preferred

gauges are from about 0.0003 inches (0.0076 mm to about 0.001 inches
(0.025 mm. Providing a filmnodulus of elasticity
sufficiently high to mnimze filmstretch during use is benefi ci al
to sealing material 10 to a target surface. Stretched film 5 results I n
resi dual forC¥R¥E#¥M el to the plane of adhesive contact, W15 ause
a weak adhesive bond to break. The %arger and -nore cl osel y spaced the
protrusions, the greater the-li kel Phood of stretch occurri ng in a
given film Al though elasticity in material 10 is believed to be
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properties such as flexural nodulus, material stiffness, thSt eria
t hi ckness, har dnesdBecause the gaye|cemmop formingcress fsused o trpmsfer gs‘ttﬁ@"%‘ﬁ’m ng
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For 35 s257e wpdllyiimedconitsted tin this configuratione Howpven\if d dissominubisgattern of
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of at |east 0 pounds “per square_ i n hout
substantial |y brtwesnprogusignemoylditesslt- o where the substance cont acts an
In accordance with the preferred method of manufacturing the three-

dimensional, nesting-resistant sheet material 10, the three-dimensional protrusions are
30 unitarily formed from the sheet of deformable material itself and are hollow
structures with depressions in one side which preferably each have a size and three-
dimensional shape corresponding substantially with the size and three-dimensional
shape of their respective protrusion. However, it may also be desirable for some
applications to utilize solid protrusions unitarily, integrally, or separately formed from

35  (and applied to) the sheet of material and which may or may not be deformable.
In general, the present invention is a storage wrap material which may take
the form of a three-dimensional sheet material which is activated by applying a
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external surface. An exanple of this requirenent would be the need to w nd
t he web onto a roll for transport and/or dispensing. Even with very

| ow i n-wound PLES SHHsES; of 0. 1 pounds per square inch (@c8Riskidbes
residual in-wound pressure in the interior of the roll may deform

protrusions-in the web sufficiently to brigg the overlaying web 5 | ayers
into contact with the substance. A "threshold" protrusion stiffness is
required to prevent this w nding danmage fromoccurring., Simlarly,
when the web is ORPFEsveforce so thaythe setuee eollapies i exPospbadhesive fp gontact

" Lhr es hgl d" 3 ti fuwitdeaaerna suffips(s). cHowevepthy Q:lbbtle of the invpritidialso rapplies td viokdgen (ﬁf

t he product due i | ot her
forces, such as ‘#"%P %@gﬂ?ﬁﬁdﬂg%of 9%?/8%%?%%?{%8&\? s %ﬁ’%{ ?’3‘?\ Es:?'ﬁé}ngg@h glof ﬁ’éa,rﬁﬁe’
dropping 10  arthe inyentprsihave found that a tensile feree ppplied ¢ thepame dhgedimensiopaly pe

i nfl IuencedAbys t hegrustutecedn CaubditCrsnidstically deforﬁl{1 Rhgihinally Bid Wietkby dntra¢iaiai rfed
results. pr ot ' e { 0 r 0]

t he protrusion t‘{%ﬂﬁl{gp 6’?\?%%%3%@%@?%&%@]@5%5? uﬂsg"%ea;?‘e% dfVed gtga? H’r%?er of
the protrusion. syffisiest teasion, thexwatgrislibgveenniptrusions defermsiip response it flerees in15
rﬁ_gi on suEst ant ithé Ipfaneidfthe ni_afbﬁalotﬁd_ethai)ﬁ:;otrnﬁbﬁd g8 thkrehelbagatedoint hatdamlk! v

t hi nner than ant L€ 0 .

Prot  usi one. yher SrogtaH WHER e broleGi el iohbilid? the dFRTERR! il Alfe. Wit
subst anti al 11 t HinAvSh elppgation the profusioRsqaragedicedyin height tariwhare the, subsigaces

perimeter are bdletveeendhent, & thempst both aréetppsedat i on by the user. Sidewalls
that are al so 0f. | i J kL

si dewal | as conpar edﬁgﬁkﬁgﬁlﬁﬁfﬁ oggﬁfe?gfl(fhnghgﬁgér@o@? “%@?@'P@ﬁ? %‘F‘?t he
protrusion al so thiekEDORE and fprmad-te haveprotrusionseafi0fi96tinches (0.152gumbheightiandr i | v
Wi It hit_n tlhe si dle}mbjo iféHes! (0. 7626mm) difametea spacecri] _o.laﬁs %oprbmlume}ﬁm;ﬁm@i:ﬁut tefisile

rel atively rQtrusion s found I n hi nunber... . Si .

prot rusi on ;S)lgfl t ef?%g ?&g‘ gc"ﬁcegsfﬁ%ﬁ’eclﬂuﬁ 1?58%‘&'?“%%5’&’@%" %_Qr?%é"‘fﬁé?‘? ?% m"é?)r/tf‘ka
usef ul . coating qiraghesivgiin the vatleyn hotaveen prodisiprs ig approimatelyfe8® peundsi nned -
when protrusi ong0.38 kgpper isthfkteip Wadth. t o hel p ensure that protrusions 12

deform as int ended. i QhyBEARLT Y compressiR! A8 [HLIE Torckd bl e hirida WS OV

density pol yet hyl ene “because the can be ner Tor the
sane protrusi on Teateril of dhe presanh inyertioncis arder 19ne@oct substagce from withiprthe -
pr O]E rusio ?.S ggoanmmsfb%é rsabfzu?sriur:ing%fgﬂ ihf(;nebfefdmded‘nﬂfogirﬁiinir of fftlieﬁbresent
or ot o1 bl have TR Tue e B potRlsf e e spfiom gl of S ade-
i s described herdémensionalr stnejure dnverderpix eyponal subblanss, 1q tanj exterazinsurfaeatis t he
bases of the pr QighifithIySerbadr@hdill EdniPressivt RSrEE€1004chidé M shihé PRIt Sd SiAfeturphi ch
form no may be designed which is more easily deformed by a tensile force applied in a specific
25 planar direction. For example, a structure may have parallel waves instead of
protrusions and the waves may be easily flattened by stretching the structure
perpendicular to the waves but in the plane of the waves. Tensile responsive
structures and the principles behind them are disclosed in commonly-assigned U.S.
Patent No. 5,518,801 to Chappell et al, the disclosure of which is hereby
30 incorporated herein by reference. '
In another example, heat could be applied to cause the same structure made
of shrinkable film to reduce in thickness to similarly release or expose the substance.
As described herein, different substances can be deposited on the opposing
faces of the formed material. Multiple substances can be located on the same face of
35  the material either geometrically spaced from each other or commingled. Substances
~ can be partially layered. An example is a layer of adhesive adjacent to the material
surface with a solid particulate adhered to the exposed side of the adhesive layer. In




externally nmeasured angle of less than 180 with any adjacent side. O

cour se, alternative base shapes are equally useful. However, the
pref.erred base shape is 35 believed to be nost easily generated. Pol ygons
‘preferably interlock in the plane of the |l ower or female surface 17,
as in a tessellation, to provide constant w dth spacing bet ween them

The width A NO¥HAREs 14 may be sel ected depending upon t he PCT/USI7/00245 8
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vol ume of substance desired between protrusions. Preferably wwdth Ais

al ways | ess  additiok,l I8 doRRmiplafidnhim ip kay lbe deshabldi for ertainnapplications @f haveural ity

of protru5|ons A ns 12
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9 O e a as measur e

parallel to plane aoiattem of protrus:ons cErl &%@&mﬂp&eﬂl iRy @ﬁ @ simifad idinfeakiondlet hod
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10. Method 30 uti | iAgiofalfdefas o thé piodes &‘a?lgd/b@l&bsIv&llwseicﬂttﬁhkl)’de'ialtshree-

10 di mensi onal cre Vi n rece S t egesses
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f emal e-type f aforemention andsmoemremécvmmeﬂy—amneé,eo-m@m epawreeey fiedpondi ng
mal e protngsi qng, Pdﬁeﬂth&b ﬁ&aixUﬁSéﬂaﬁ?No # ]qum@tslmekamte Cake $§922Rf or ned

material. Alternat formn 4
t hr ee- di nensi onal :‘v%'?'irﬁyqﬁ' ersstofnﬁc P'Es%'fce? ﬁé"ﬁ’éﬁ ac?/eei’ﬁa ‘gegiq%aévtl%nge%rgal sed 15
pins 34 of t hdheigorage wrapmatstalaio agnaﬁenma\msnganMé pseerbembem Ad

around the anoth@r' ﬁ?ge@ﬂurfdc@ $42FK as %9 Qﬁvxﬁg bR rizifbﬂﬂﬂttéhft ot @isgbiRinibus KEydrasfm
correspondi ng

i,ons St,r nt act [ de of
Che Tormod e on its active Suftace, g praseptly prefered, g - orapE Wb iEA
form ng suSf ade designed soasitol eidabxmhelabmwo form a continuowsiseal chhqﬂdwﬂhléﬁe

rmterial 10 é"“?r'“]“e"rm e e D ot Fusie V\hegrg
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mat eri al 10 i gnaterial 10.heated to a softening tenperature, and then
mai nt ai ni ng prO”UﬁM&@S articuldrR Wan 16 07 dep ts E@e@esa&p?:ﬁmma! emrratnmeual 10

O S iy e i o Do e i A,
one-sided version of storage wrap material 10 is preferably utilized such that only
one side of the material is active, although a two-sided material could also be utilized.
To utilize storage wrap material 10 in this fashion, the material is wrapped or folded
around the desired item 60 so as to leave a marginal edge extending outwardly

25 beyond the maximum dimensions of the item 60. As depicted in Figure 7, the web of
storage wrap material 10 has been folded over and around the item 60 by folding the
material along a folded edge 55 and forming a fin-type seal 50 around the remaining
perimeter, in this instance three sides, of the item 60. In this deployment, the storage
wrap material 10 is bonded or adhered to itself in a face-to-face orientation wherein

30 both active sides of the material are in contact with one another. Accordingly, when
a user 70 activates the adhesive on at least one, and preferably both, of the overlying
or overlapping portions of the material in the region of the fin seal 50 the overlying
portions are firmly adhered together to complete the enclosure of the item 60.
Alternatively, rather than folding a larger web of material upon itself to form an

35  enclosure, two or more discrete smaller pieces of storage wrap material 10 may be
utilized by wrapping them over the item 60 and sealing them to one another in face-
to-face or face-to-back orientation.



25 preferably fornmed w th sidewal s 22 bei ng as nearly perpendicular to

pl ane 20 as possi bl e, but with sonme taper being typical. Quternost
ends -of protrusions 12 nmay domed or nore truncated in shape so as to
formfrustuns of the correspondi ng pol ygonal shape.

Material 10 P 5, ygcuum t her nof or med, enbossed. or hydr of opERfsyHo20
formed by ot he ormng nmeans commonly known in the art for permanently
deform ng t-hin materials. _ F| sure 4 shows a preferred form ng
screen 32 conprising interconnected - ands 36 surroundi ng pol ygonal

recesses 34. Lands 36 are preferably nade of stainless steel and
coated with a rel eaEigutededepictsiunsthepsefubdeptiymentsefistasagedgrap matesialel 035 the nt o a
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utilized in i

depi'cts a part ?I R g C%IP§§§’°§e°8f'§aBﬁ%\Pm\ifT1%gﬁ/'?) huf all"'f‘?#rgtﬁg “&]’éeé%t@zgéjrﬁgen at a
| ocati on whi chwdapateral &s aghered to the rim portion 105 §f3he zamaagavhich circumscribes

PCT/ US97/ 00845 he opening 110 to form a correspondmg closure for the opemng Althtfhg h the
section through two consecuti v

represents t heSCHE8 WipRmatengl 10 ‘H°‘ﬁ§ %T%?‘gﬂ'l’a)’e B‘Efﬁ‘?t ?%‘t leyrwglé@rtgdhaoet ween
substantial |y puafage bélheam} HSewhicl iainithe plaps of the dpening hidhas dapictediih Figure

[ﬁgr fegrenmt ﬁgsggreeme storag erﬁg]?;be ?Aaihﬁam% n‘%r aalso be appuedTizﬁa@fw%?gpu%ea%%ﬁafhgf
W
met hod descr i bé%ﬁlé‘ﬂ‘&ﬁ@%a am“m?&eypeg he Eﬁiﬁd'g“ 33 5’?’5’8&@{’5 tht Ea‘Yf“" ;mr{] nce
t he si dewalld t hiseftbe sorpamtfrlwlmclmxtﬂndam a direction substhatially somfal to the planegf scr een
with essential {ge (ﬁkﬁxﬁ gfﬁﬁ‘e%ﬁ%e%llﬂ? alé’@'b%"hc@@rﬁﬂ:lf&ﬁezf bonding tlfeod't&‘a

screen hole. Such'a s h V\ﬁ L{g g t|a nner 10

t hi ckness si nc@"‘!ﬂw’@a sﬁ°c} e pa PP'@'@N ©; ?r%‘feer into
t he for rrcmgplstely@adoses ¢keseontentst(het shown) oﬁjhe comalaext 108§ tHe cohtents areer nal
backup screen. ma from tHe ik fRFBAEnvR SfritehP oFEiue B c%nﬁerPQnﬁiearé 3lsb ConthiRae Nt
further dr ¥\n naﬁﬂ rotru3|on Thi s approach yields a nore varied
gauge profite WPW"'FH of} Ig%ual | s. It has been di scovered

whi l e reduci ng to pComtainers suble asr emeairer i merwhndn as hshbwii Shas o qmotmgdingy hot
mel t adhesive Etﬂicn%@sef& &!Qéﬂe?d?ﬁ with rg%f Qfa E@tﬁl ddoHtﬁIc?eBtdﬂéuch

t han when ot her d. e ls

stancej are_ pro r]
pr ot r usi ons, wHgidpr semi-rigi materlals ‘Suc as ‘metals, glass ceram:cs plastics, or wood which

have a comparatively smooth and uniform surface. Accordingly, storage wrap

20  material 10 in accordance with the present invention activates to provide the desired
level of adhesive force in combination with such non-conforming, rigid or semi-rigid
surfaces so as to effectively form a closure for such containers. In addition, the
storage wrap material may also be utilized in conjunction with openings in the plane
of a wall of a container as well as openings which are formed at an end, etc. of a

25  container substantially normal to adjacent wall surfaces. Such versatility is due to the
adhesive properties of the storage wrap material which, unlike dead-fold wrap
materials such as waxed paper or aluminum foil, enable the storage wrap materials of
the present invention to form a suitable seal without the need to form a wrap angle
around a rim, lip, or other structure adjacent the container opening.

30 Figure 9 depicts yet another common application for storage wrap 10,
wherein a discrete web of storage wrap 10 of the desired dimensions is wrapped
continuously around an item 60 so as to enclose the item 60 completely. Edge
portions 80 of the storage wrap 10 which overly the item and overly other portions
of the storage wrap 10 are adhered to such other portions after activation such that

35 they are secured in sealing relationship. This mode of item enclosure is particularly
useful when the item has an irregular shape, such as the item 60 depicted in Figure 9.
In this mode of deployment, the storage wrap 10 is preferably oriented with the



are formed when hot nelt adhesive has been applied to the form ng surface,
tend to exhibit nore thinning in their sidewalls. It is believed that
t he .hot nelt adhesive cools and solidifies when contacting the netal
+form ng surface and thereby prevents web 20 material in contact with the
adhesive from being drawn into the recesses, so that uni f orm
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form ng may al a_ distinction
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97/ 25256 employed to enclose a wide variety of items, both perishable and non-perishable.
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oxturing of TSR HEREFAY Dt spals e itk 2 given cpptainespackees sytentas wel
struct ure kfay asenultiple itemsnfesbe game of Wiffepant Synes. | Itsresnenclased may l%fmee
drawi ng the piRaRinefs SBpikages whidioare themsefves o b eﬁﬂbﬁﬂnsdcﬁc‘a% beuiimf

agai nst a m crQ- textured ogeIhaeF%g%rfymcph SO?e%‘%ﬁfé eu ms. m eg qusgg tiny

apertures t herBftRDs re over “idl er
pul l ey 182 ancgraun!:mtmﬂwwhum single cha cnwmmthemnmnﬁg O fay be, scpgegated

preferably a Guigfipdiffesent ¢HamBérs oﬁaamﬁahlnfehtsfdr%eﬁ bly B storage wrap Jdatdiatindelfni de, 6
f oot (183 ﬁ_g&ﬁﬂ%&{gp%esé % eSS steel belt, having the desired

protrusi on pat P a Fecesses in the beIt Cover i ng ﬁ oute%r
surface of While particular embodiments of the present invention have been iilustrat

and described, it would be obvious to those skilled in the art that various other

changes and modifications can be made without departing from the spirit and scope

of the invention. It is therefore intended to cover in the appended claims all such
25  changes and modifications that are within the scope of this invention.



vacuumroll 184 is a 195 rresh—se&nd%ss_m_cjsureen havi ng a di aneter of
8.63 10 inches (21.9 cm, which serves as a porous backing surface for

form ng screen 181. J,ﬂﬂﬂmMImﬂ pressure sensitive
“adhesi ve containing material, m ’"F186 preferably hot nelt

adhesive, is R to form ng sérebn 181 by a substance at or
188 while form ngﬁg?:irggen 181 travels at about 20 feet (610 c rSCTmﬁqmbi4g
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descri bed above and I@’o@n ?ﬂﬂf‘a‘r “}?Jdr?ft é%ép a?mnon B?CH q%e?gﬁélaéﬁg %‘
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hereby incorporated Addi tionally, the
recess pattern nay be etched into photosensitive polyners 35 instead of
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L1 ng sergens ! 0, SRP A s et s, wiible o e s ©
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3. The improved storage wrap material of Claim 2, characterized in that said
active side is activatible by an externally applied compressive force exerted in
a direction substantially normal to said sheet of material, and is preferably
only activatible by a compressive force of at least 0.1 psi.

4, The improved storage wrap material of Claim 2, characterized in that said
active side is activatible by an externally applied tensile force exerted in a
direction substantially parallel to said sheet of material.

5..  The improved storage wrap material of any of Claims 1 to 4, characterized in
that said active side comprises a plurality of three-dimensional non-adherent
protrusions extending outwardly from and preferably uniformly formed from
said sheet of material and a pressure-sensitive adhesive surrounding said non-
adherent protrusions, said adhesive having a thickness less than the height of
said non-adherent protrusions before activation.



di scl osures of which are hereby incorporated herein by reference.

Next, the formng screen is converted into a continuous belt by butt

wel di ng t he ends together, i I Mﬁr or electron beam

viel di ng. Thi s produces a ne¥ﬂ|‘mummmm seam which is needed to
mnimze disryptions in the recess & ‘tpattern® The final step is coating
the endl ess b9 a 1 ow critical surface tension ( RERUSYVQORAS
coating, such as a Series 21000 propri eta%ry rel ease coating nmade by and
applied by Plasma Coatings of TN, Inc., Tocated in Menphis, TN. It is

bel i eved that . this coating is primarily an organo-silicone epoxy. As
applied to a % ai nThedmptoyed storage wrhp mmteripl sf Ciném S shatacteridell dn nidt kaids of
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. e
material as is usefil & Of i clingless andy B IPAdhesion peel foree
conveniently priergo attbvation by 4 bseb.he protrusions. In the preferred
enbodi ment, the top surface of form ng screen 32 is continuous except

for recesses §4; t hus, {he substance pattern is 25 totally interconnected
in this confi gurat AFAMAMEHIFEM comensingii scont i nuous pattern of
subst ance were coa(@d omsheef oft maternl havieg a fisst, side atld acsecdndrside, said ubst ance

pattern bet ween qbsd.n : s . accordance
with the preferred net ﬁﬂrgtt% mﬁﬁﬁ?‘lﬁ@%rg?‘ﬁg%é"'f’?{?‘é%m adhesion I mensi onal ,
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material whicfgis ﬁ%ﬁtﬁﬁﬁ&?ﬂgﬁ c@ﬁﬁﬁﬂﬁé’g a

(a)  a sheet of material having a first side and a second side, said
first side comprising an active side exhibiting an adhesion peel
force after activation by a user which is greater than an
adhesion peel force exhibited prior to activation by a user; and

(b)  anitem to be enclosed;

characterized in that said sheet of material is adhered to itself around said

item following activation of a desired region by a user to enclose said item.
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conpressive force so that the structure coll apses to expose an adhesive to
cont act with external surface(s). However, the scope of the invention
al so applies to,st wrap materials which are activaty Jeans
ot her than conﬁW@ggé%ﬁg For exanpl e, the inventors have %%%ﬁﬁp¥%a a
tensile force applied to the_sane three-di nensional 5 structure can
cause it to plastically deformlongitudinally and thereby contract in
caliper or thickness to simlarly expose or release substance. It is
bel i eved t hat under sufficient tension, the material between
protrusions defornms in response to forces in t he plane of the
material and that protrusions are thereby elongated in the sane

direction. Wien the protrusions are elongated, they are reduced in height.
Wth 10 enough el ongation the protrusions are reduced in height to where
t he subst ances between them in tgfyxéor both are exposed.

For a one inch wide strip of material 10 de from 0.0003 inch (0.0076 mm
thick HDPE and fornmed to have protrusions of 0.006 inches (0.152 mm height
and 0. 030 inches (0.762 mm dianeter, spaced 0.045 inches (1.14 mm
apart, the tensile 15 force found necessary to cause protrusions to
expose a 0.001 inch (0.025 mm thick coating of adhesive in the
val | eys between protrusions is approximately 0.80 pounds (0.36 kg)
per inch of strip w dth. A conbi nati on of conpression and
tensile forces may be applied to the mat eri al of the present
invention in order to expose a substance fromw thin the 20

t hree-di nensi onal structure. Although in a preferred enbodi nent of the

pr esent invention, the tensile force necessary to~achi eve sufficient
def ormati on of said three- di mensi onal struc i order to expose
substance to an external surface is Si gni A greater than a

re may be

desi gned which is nore easily deforned e applied in a
specific 25 pl anar direction. For_e= ny have pggall e
waves i nstead of protrusi gn 22 F J |y fattened by
stretching the structure 2 i\t A
of the waves. Tensile resp8gsi
them are di sclosed in coy
Chappel |l et al., the di/#
by reference. f
cause the sanme struct
t hi ckness to simlarl
descri bed herein, dif
faces of the forﬁﬁd
sane face of

U S Pat ent
is hereby 30 [
ot her exanpl e, heat could pplied to
of shrinkable filmtges i
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material along a folded edge 55 and formng a fin-type seal 50 around the

remai ni ng perineter, in this instance three sides, of the item®60. In
this deployment, the storage wap material 10 is bonded or adhered to
itself in a face-to-face orientation wherein 30 both active sides of the

material are i wi th one another. Accordingly, when 70
activates the a ﬁgg%z%é&on at |east one, and preferably both, O%CT{%%”U&%

overlying - or overl apping portions of the material in the region of
the fin seal 50 the overlying portions are firmy adhered together to
conpl ete the enclosure of the item 60. Al ternatively, rather than

folding a larger web of material upon itself to forman 35 encl osure, two
or nore discrete snmaller pieces of storage wap material 10 nay be
utilized by wapping themover the item 9!6nd sealing themto one another

in face- to-face or face-to-back ofientation. WO

97/ 25256

PCT/ US97/ 00245 35

Figure 8 depicts another useful deploynent of storage wap nmaterial 10 as

t he closure of a sem -enclosed, rigid or sem -rigid container 100. In
the configuration of Figure 8, -a conbination container structure is
thus illustrated ' ' ' t he
rimportion 105 of ' ' ' ' e Agpeni ng ilo
to forma corresp [ d s AN \O st ¢r age
wrap material 10 b t he
surface of the ri

depicted in Figure bl i ed
so as to effect a Pry
of the rim 105 by 11

whi ch extends in t he
opening. Effectiv Fage
wap material onl h a
cl osure - com hi ner
100, the contents [ si de
t he contai ner and
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have a conparatively snooth and uniform surface. Accordingly, storage wap
20 material 10 in accordance wth the present invention activates to
provi-de the desired | evel of adhesive force in combination with such
hon-conformng, rigid or sem-rigid surfaces so as to effectively
forma closure Sjgh containers. In addition, the

mat eri al may ar&) ge utilized in conjunction mnth openi ngs |nﬂéﬁg§ ﬁkﬁg

of a wall of a container as _well as openings which are forned at an end,
etc. of a 25 cont ai ner substantiall'y nornmal to adjacent wall surfaces.

Such versatility is due to the adhesi ve properties of the storage
wrap material which, unlike dead-fold wap mat eri als such as waxed
paper or alum numfoil, enable the storage wap materials of t he
present invention to forma suitable ##Bw thout the need to forma wap
angl e around a rim |ip, or other structure adjacent the container
openi ng. 30 Figure 9 depicts yet another comon application for
storage wap 10, wherein a discrete web of storage wap 10 of the
desired di nensions is wapped continuously around an item 60 so as to
encl ose the item 60 conpletely. Edge portions 80 of the storage wap
10 which overly the itemand overly other portions of the storage

wrap 10 are adhered to such other portionsJ3&fter activation such that 35
they are secured in sealing relatlonshlp h|s podeyof itemenclosure is
particularly useful when theBi |rre ul ar shape, such as the
item 60 depicted in Figure 9. de of deploynent t he storage
wrap 10 is preferably orientedblw WO 97/ 25256

PCT/ US97/ 00245 36

active side facing inwardly toward the i t3th 60 such that the storage wap
may be activated over the itemto provide additional security against
- shifting or | oosening of the material. Alternatively, the storage
wap 10 coul d be wapped around the itPphj H with the active side facing
- outwardly if adherence to the itemis not“desired. In either 5 node of
depl oynent, the overlying portions 80 of the storage wap nmaterial 10 w |
be activated and adhered to one another in face-to-back relation with one

of the overlying portions being activated to provide the adhesive
property and the other overlying portion being non-activated and hence
a passive target surface. If a two-sided activatible storage

wrap material were utilized in the above 10 exanple, then either or both
of the superinposed face and back portions in the

180
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| overlying portions 80 could be activated to effect a seal ed region.
The i nproved storage wap naterials of the present invention may be
enpl.oyed to enclose a wide variety of itens, both perishable and

-non- peri shabl e. Such itens may include single itenms wthin a given
cont ai ner/ package system as well 15 as multiple itens of tghGnsssioe29¢
different type¥t 9?’Féﬁ% encl osed may in fact be contai ners or packages
whi ch are t.hensel ves to be encl osed, such as a group of cartons

wr apped together upon a pallet, for exanple. The itens nmay be | oosely
grouped together within a single chanber within the container, or may be
segr egat ed within different chanbers or conpartnents forned by the
storage wap material itself 20 or other features of the container.

Whi |l e particul ar enbodi nrents of the present invention have been illustrated
and described, it would be obvious to those skilled in the art that various
ot her changes and nodi ficati ons can be nmade wi t hout departing from
the spirit and scope of the invention. It is therefore intended to
cover in the appended clains all such 25 changes and nodifications that
are within the scope of this invention. 5/6 WO 97/ 25256

PCT/-US97/ 00245 37 CLAI V5 1

An i nproved storage wap material conprising a sheet of material,

preferably a polyneric filmmaterial, nore preferably a
substantially transl ucent polymeric filmmaterial, having a first
side and a second side, characterized in that said first side and
optionally said second side conprises an active side exhi biting an

adhesi on peel force, preferably an adhesion peel force of at |east

one ounce per inch width, after activation by a user which is greater,
preferably at |east one ounce per inch wdth greater, than an adhesi on peel
force exhibited prior to activation by a user, said adhesion peel force

after activation preferably being sufficient to forma barrier
seal against a target surface, said seal preferably exhibiting
barrier properties at |east as great as those of said material and

said target surface, said active side preferably
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including a pressure sensitive adhesive. 2. The i nproved storage wap
material of Claim1l, characterized in that said ' active side is
activatible, preferably selectively activatible in discrete regions,

‘by an externally applied force exerted upon said sheet of nmaterial by a
user. 3. .oproved storage wap material of Caim 2, Lzed
in that said ‘wﬁ%ﬂhg&sactive side is activatible by an externa yagég?%ed
conpressive force exerted ip a direction substantially normal to
said sheet of material, and is preferably only activatible by a
conpressive force of at least 0.1 psi. 4. The i nproved storage wap
material of Claim?2, characterized inﬂs said active side is
activatible by an externally applied |l e force exerted in a

direction substantially parallel to said sheet of material. 5. The

i nproved storage wap material of any of Clains 1 to 4, characterized in
that said active side conprises a plurality of three-dinensiona

non- adher ent protrusions extending outwardly fromand preferably
uniformy formed from p said sheet of material and a g
pressure-sensitive adhesige urroundi ng said non- adher ent

| ess than the height of
/ WO 97/ 25256
%ed storage wap

protrusions, said adhesive hay
sai d non-adherent protrusions
PCT/ US97/ 00245

mat eri al of Claidqg
includes a plurality
depressi ons correspond
are hol | ow, and
partially filled wth a
i nproved storage wap nat

e e T

active side

Fig. 9
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'req'i'ji res'no renoval
| nproved storage wap materi al
t hats said sheet of nmaterial

of conponents of said sheet of material.

B O bhet 7|
of any of Clains 1 to 7

' - , Charact er%
is clingless and exhibits no adhesi &’ 3/

:force prior to activation by a user. 9. A cont ai ner/ge em
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(54) Title: IMPROVED STORAGE WRAP MATERIAL

{57) Abstract

The present invention relates to sheet-like materials suitable for use in the containment and protection of various items, as well as
the preservation of perishable materials such as food items. More particularly, the present invention provides an improved storage wrap
material comprising a sheet of material having a first side and a second side. The first side comprises an active side exhibiting an adhesion
peel force after activation by a user which is greater than an adhesion peel force exhibited prior to activation by a user. The storage wrap
material may be activated by different approaches, but in a preferred embodiment the active side is activatible by an externally applied force
exerted upon the sheet of material. The force may be an extemnally applied compressive force exerted in a direction substantially normal
to the sheet of material. In accordance with the present invention, the storage wrap material is selectively activatible by a user in discrete
regions to provide adhesive propertics where and when desired. The use of an adhesive or adhesive-like substance on the surface of the
material provides an adhesion peel force after activation which is sufficient to form a barrier seal against a target surface at least as great as
those of the material and the target surface such that perishable items, such as food items, may be effectively preserved. The storage wrap
materials of the present invention may be utilized to enclose and protect a wide variety of items by various methods of application, including
direct application to the desired item, enclosure of the desired -item and securement to itself, and/or in combination with a semi-enclosed
container.
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