PROCESS OF EXPEDI TI NG ACTI VATI ON OF HEAT- EXPANDABLE ADHESI VES/ COATI NGS USED
| N MAKI NG PACKAG NG SUBSTRATES 5 REFERENCE TO EARLI ER FI LED APPLI CATI ON

[ 0001] Thiwoapplidewmbi on cl ai ms the benefit under 35 U S. ECT/UB1@(10¥8%8% U. S.
Provi si onal Patent Application No. 61/379,030, filed 1 Septenber 2010, and
titled "PROCESS OF EXPEDI TI NG ACTI VATI ON OF HEAT- EXPANDABLE

ADHESI VES/ COATI NGS USED | N MAKI NG PACKAG NG SUBSTRATES, " 10which is

i ncor por at ed, i NPROSBSStOF EXPEDITINGI SCTEf £TENS ©F BRAEAAGRCPANDABLE

[ 0002] Consuners frequent | XDPIBEVESA 0 LAVGIRBEPIOALEKENGsuch as food and

beverages and ot her products, ipnCRAANIESSBRRAA flHOM packagi ng substrat es.
Thermal | y-i nsul ated contai ners may be designed for hot or cold liquids or

f oods, 155uch as hot coffee, iced-tea, or pizza. These containers nay

mai nt ai n ﬁm I f | ntents by reducing heat or
cold transfer rom tgg &%ﬁ&%ﬁgﬁfgﬂtﬁ?&ﬁg lg’%ﬂdtiﬁe consuner. [0003] To hel p
insul ate the [pgof of ThRQppRASBAR aithS ﬂfé‘Heﬁ@ﬁthﬁi@Er ﬁU@C% ofo éé)h&flggnt ents of
a food or beverage container, heat-expandabl e hesi ves and coatings 20have

been devel opdtfoyisionali Ratent Apptieationd¥a. ¢ 16r7 9&ﬁﬂeﬁle® ackaigimbgr UK enditided  Such

Comporatur e BACSE SUARY TOPOAT A i Rad 08 O BEPRER AP REEE, Dol Sheet

or roll web nabHESEVES/ZHEEINGS USED IN MAKING PACKAGING SUBSTRATES,”

10 which is incorporated, in its entirety, by this reference.

BACKGROUND

[0002] Consumers frequently purchase ready-made products, such as food and
beverages and other products, in containers made from packaging substrates.
Thermally-insulated containers may be designed for hot or cold liquids or foods,

15 such as hot coffee, iced-tea, or pizza. These containers may maintain the
temperature of the liquid or food contents by reducing heat or cold transfer from the
contents to the hand of the consumer.

[0003] To help insulate the hand of the consumer from the heat or cold of the
contents of a food or beverage container, heat-expandable adhesives and coatings

20  have been developed for micro-fluted board or other packaging substrates. Such
expandable adhesives and coatings expand upon being heated over a certain

temperature.

BRIEF SUMMARY

[0004] A method is disclosed for heating up sheet or roll web material (“sheet

25  material”) and other substrates for containers with a microwave heater during the
manufacturing process, causing a heat-expandable adhesive or coating applied to the
sheet material or substrates to rapidly expand, expediting activation thereof. The
heat-expandable adhesive or coating expands to provide insulation and rigidity to the
material, which helps converting the materials to packages or containers, and keeps

30  fluid and solid contents of the containers cold or hot, and to insulate such contents
from human contact during handling of the containers. The method is fully

automated and uses roll and or other sheet materials such as single face material and



25material ") and other substrates for containers with a m crowave heater
during the manufacturing process, causing a heat-expandabl e adhesi ve or
coating appl2oed3vdet he sheet material or2substrates to Papiustyiiexand,
expediting activation thereof. The heat-expandabl e adhesi ve or coating
expands to provide insulation and rigidity to the material, which helps
converting the materials to packages or containers, and keeps 30fluid and

solid cont entffutef bddi¢ naestiadi TieY lscac-okghnaiblbadheshBr toatingSbidyabea such contents
from human contact. during handling of the containers. The method is fully
aut omat ed andogPesitippef a iy crandiie migraderstdee VEghEoliuph 950EPMRINdeTs ace

material and oqflsytade & &itmﬁ%Sﬁ%@s-thJ&edi&%gsfaegf?ﬁ&@!‘ﬂf%%ﬁﬁﬁﬁ%%é{ By Blle

coating may be a conposition o ew expan e m crospheres per”wel ght of
starch or ot hercrdwvavdédesteaatd asoind @hhts of dreposddss, bnsespachllpsfteribse di scussed

| ater. The mater.ial heated by th i crowave heater at various. points of the
pr ocess, But 88 @éﬁoaﬂ? @w%%gxnaﬁ&a‘%p%%eﬁwsm e Priulilier pésidabl e
adhesi ve or GHAL#iAGnay"bd M@y BliednsdiR8to MRLIGHRksiIBY%ubEad @PRRhed, and
conveyed to final processing, such as’to be printed, die cut, renmoved from

bl anks, and/ alic outhesnwivsé fragskiaiiseand/or atbervaderpssambled mmontamesy. Aheet may

al so be patterned wth heat - expandabl e.coatin Lch af.ter being heated,
my al so be. drvaonty “eDeat dn T RALCER PR AT oGt Ak BS Phre

net hods, featwrﬁgﬂ;emd,ﬁ_d?/amb@gq&eafyﬁrb@essw/iﬂfadqﬁfhiﬂqré.l be, or will becone,
apparent to one with skill in the art upon exam nation of the foll ow ng

figures dAd d@P@N edOtesssystemns. arethads, fogturestaad dddantdess ohthie isyroHonddil bF.onal
systems, methods, featy raﬁéar%‘rﬁ% ady ahagesinhke %x@%#&deex% M el £ S
n’t Scope O?N I on, an(I:P

description, be Wt he 1 nveh e protected by the

foll owi ng cl ablewinkFiddRlsknd RERCRI BIScOPtEF T HENRAM N[ QRDGHEtGnall is a
perspective view of a cup assenbled wth an outer wall. [O007]FIG, 2 is a
si de cut away SYPEWSdnctiods fistuesd adyapaggsdanirded wiship dhiy descggondet i on
view of a sleg i . E i j | ary machi ne
system for rrae\ﬁ&ﬁ%\{%a%ﬁgegl&ﬁge E{)Vrg}g?%%’ iag%e g%dé&éidb%{ t(rﬁgtféeﬁ%vﬁ?g gfc%ﬁitqgi ners.

[0O010]FIG 5 is a perspective schematic view of an exenplary industrial
m cr onaveéShe BRIEFAIEFCRIRTIONOFOMEE DRAWENOGS bel t s.

[0006] FIG. 1 is a perspective view of a cup assembled with an outer wall.
[0007] FIG. 2 is a side cutaway view of a double wall cup.
[0008] FIG. 3 is a cross-section view of a sleeve with a cup.
[0009]  FIG. 4 is a view of an exemplary machine system for making packaging
20  materials and substrate for containers.
[0010]  FIG. 5 is a perspective schematic view of an exemplary industrial
microwave heater as positioned over conveyor belts.
[0011] FIG. 6 is a top, plan schematic view of the microwave heater of FIG. 5.
[0012] FIG. 7 is a side, plan schematic view of the industrial microwave heater
25 of FIG. 5.
[0013] FIG. 8 is a front, cross-section schematic view of the industrial
microwave heater of FIG. 5.
[0014]  FIG. 9is a flow chart of an exemplary method for manufacturing a
multilayer sheet material in a process that includes microwave heating of the
30  multilayer sheet material to expedite expansion of a heat-expandable adhesive or

coating.



[0011]FIG 6 is a top, plan schematic view of the m crowave heater of
5. [O0012]FIG 7 is a side, plan schematic view of the industrial m crowave

heat er 2500 2F2B308s [0013]FIG 8 is a frbnt

FI G

Cr 0ss- sect ipom/usehid/mesiRge vi ew

of the industrial mcrowave heater of FIG 5. [0014]FIG 9 is a flow chart
of an exenplary nmethod for manufacturing a nultilayer sheet materi al
I ncl udes m crowave heating of the 30nultilayer sheet materi al

process that

to expedite expaaHLEID DESGRIRFEONexpandabl e adhesi ve or coating. DETA
DESCRI PTI ON [ 0015] A package, container, or container sleeve may be
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ontain eeve.
material rnaycbe expan(f'\ed onlly on end use and only in response to, for example,

temperature. The insulating material may be used to aid with insulating capabilities
of the container and/or the container sleeve, and/or to add rigidity to the container
and/or the container sleeve, such as to reduce a thickness of the material components
of the container and/or the container sleeve.

[0016] The sheet material used to make the package, container, and/or container
sleeve may be manufactured on a conveyor-type machine system, in an automated
assembly-line process, which will be discussed in more detail later. The expandable
adhesive or coating may be applied by conventional application methods, such as
roll application, or sprayed on or otherwise applied to sheet material, for instance
onto a corrugated medium before a liner is laminated onto it. The expandable
adhesive or coating may thus be located between two layers of some sort of sheet
material before being expanded during the manufacturing process. When the
insulating material is a coating, the insulating material may be applied to a
monolayer (or single) sheet or to an outside surface of a multilayer sheeting before
expansion by heat. Additionally or alternatively, the expandable adhesive or coating
may be expanded by heat before being trapped between two sheets of material.
Other embodiments are likewise possible, as discussed later.

[0017]  In some embodiments, the heat-expandable adhesives/coatings are heated
during a conveyor-type machine assembly process so the expansion occurs when the
containers are manufactured. With conventional machine systems, the source of
heat has been by a temperature source such as from a heat gun or an infrared (IR)

heater or lamp. Conventional heating methods, such as a hot air oven and/or an



[ 0016] The sheet material used to nake the package, container, and/or

contai ner sleeve may be manufactured on a conveyor-type nmachi ne system in
an aut onewedorssesvsl y- | i ne process, which will be di scugsediszonimsoes det ai |

| ater. The expandabl e adhesive or coating may be applied by conventional
application nethods, such as 20roll|l application, or sprayed on or otherw se
applied to sheet material, for instance onto a corrugated medi um before a
i ner is | aminfiired hoattoinktalledlindirxgpnaiaiadiiee @dfmsmelo%ffmaé toglcgaytetyhus be
| ocat ed between t | ayers of sone sort of eet material bef ore bei ng
expanded duri%BV%tm@emaW@P{?rmws %%@wﬁmﬁnm@ d; typigplly 2hfereRSri al i s

a coating, thgilp ts(garﬁ}formo erprd | r&ﬁé(, 19?aﬁ98't111@§3a%9a1?d @e‘affgmé@yer (or

single) sheet or an outstde sur ace o | ayer sheeting before
expansi on by lmeigttionfeich ducotoadhd lyeadmg aldcbamsh oY Blcys methedeppandigtiiascdahesi ve

or coating ma e expanded. b at.. hefo tra d between two sheets
R T e e TR G BTN vt et

[0017] I n some.amRadistRAtafo cltiGitdag/linBRANGAR] &RENESI ¥EHISBARLENGS ! €
heated 30 during a conveyor-type nachi ne assenbly process so the expansion

occurs when tand tl@emﬁom, m@ pa«msswmadlsao‘tmveajSp%dtS&pmdnﬂeranIOdn@uonmeféhﬂ ne

syst ens, thecsn em m e%,nqnmdm%sa H%nperature source such as froma
heat gun or an y(?<¥$51% atér Xﬁﬁ Conventi onal heating nethods,

such as a hot[oels] OVRHS n)?bwd idfhe preielhaa@@loélﬂatcﬁzﬁpplﬁﬁﬁ@bm&% érdrdyl MGMON a
machi ne system are not effective to adequately activate heat-expandabl e

i cr osphéPes aatingisgirh eritionaspbesder adgpiicd &1 TagiapGoyor g shgetrmatpinl tpessiipm to
600 f Th d
due 16 the el Rkl bt AbATRBRR BeaRE gk REMGheklSp AL 0N

5conducti on, t&aﬁ&veﬁdrg@élthe&ﬁ@aﬁ(ﬁdleéﬁdhémve Mﬁhkulﬁttms&aﬁ@g;rc@@ﬁngaﬂheﬂﬁaﬂmat
accordingly, technical issues are exhibited in limted thermal energy, |ow
expansi on ef fUPCPEACROrCAHEC hEaB ey oule fiom pitserddcrmpaawse opthgfist speed

sl ows down praghet gn 19[1ue%1{69ch§94'?%@é1ﬂ m o Mea& D6soFO ;Béﬂ{vhtgf‘ﬁld o'i‘a& system

[0018] It is proposed in the pres |sc osure to ply m crowa e ener gy
fron110aﬂ5|ndndbmﬂahnnh@h@Mam@mhdabedmﬂd&ptaﬂn@snraduamhmmMﬁm tHoe sheet

material passing through it duri t he oce cor t he m crowaves
rom the bt orbuiave: madra cmargibies A Bl B peS et el peviRathdt P on
coating, caushpiglyHeA the niedke anmmeme ir6ddry 1I4ARA qul&kyy N b from a
thermal tenperature or other heat source. is is due to the | arge anount

of heat absorflwd chyoswet te theapaivastil ericionlaze energy.

[0019]  The heat-expandable adhesives or insulating materials may include

20  starch-based glues, may be synthetics-based, and may be applied in corrugated board
production as laminating adhesive to render higher bulk, paper reduction, or both.
The corrugated boards in turn can be converted into many useful food and non-food
corrugated packaging products, for example, but not limited to, fluted sleeves,
microfluted clamshells, and E-fluted box and bag-in-boxes. These heat-expandable

25  adhesives/coatings can be applied in a conventional corrugators or laminator, and
expanded with the assistance of an industrial microwave heater to boost efficiency
and speed. Other heat-expandable coatings can be applied onto paper substrates in
full coverage or in patterns, and subsequently expanded by the microwave heater to
create a foam layer or textures with different end-use benefits, some of which will be

30  explained below.
[0020] FIG.1 illustrates a container 100, such as a cup, with an inner wall 102
and an outer wall 104 that may be made from the sheet material such as paperboard

manufactured by the machine system referred to previously and displayed in FIG. 4.



15nol ecul es in the heat-expandabl e adhesi ves/coatings in a very short tine.
For instance, expandable m crospheres m xed into the adhesives/coatings nmay
expand r awodbiz/osbéms t he ni xture in which the M crospher esTAISe0110¢s0Ed

qui ckly heats up from exposure to the powerful mcrowave energy. [0019] The
heat - expandabl e adhesives or insulating materials may include

20st arch- based gl ues, may be synthetics-based, and nmay be applied in
corrugat ed boabthnRifedte bitenwal 10&magdiciintheafdhe st ¥ €oitaineesiesie dniaghelrorbul | (
paper reduction, Og bot h. The corrugateed boards in turn can be converted

into many usergy %&Oaﬁaleﬁéﬂof86?10%41%@&9%11%5&1&% G PP 8t &y bergy
exanpl e, but diR chhfllideed 519d1n§ bHrLfd—i' h%hfeﬁ‘f@sa bulfk €6 §e' dheshd! ATR g%ﬁs and

E-fluted box bag- i n- oxes ese heat -‘expandabl e 25 adhesi ves/coati ngs
can be appl|qdamdban@bmnmnmﬂmmaue@bdegagowsgadmkannugue¢;bahmfsxpanded

wi th the assistance of an industri m cr heat er to t efficiency
And 'speeds . CUREREHEL OB DEHBLET ¢ RN GE o R BECRISH B I paper
substrates i npifdidiells MG LAREs Qfth bﬁwﬂﬁ&ﬁt%o&s oﬁﬂ@ev%k'b?ﬁgb'@tﬂ&lh& RvRanded by
the mcrowave heater to create a foam| éﬂr or textures with different

end- use benefd edinddeahsuppr sboHing havingeotBgeepmairivelcdréigumationn ordjdagG, 1
illustrates a %%n anm1u%r(ﬁ such as a cup, with an inner wall 102 and an
outer wall 108"tRaf § ade fromthe sheet material such as paper board

manuf act ur ed [gg21]he MBREBhRLwWaN I0£BlahRiERdt Skhited tbRYIrOKEbY diBRMt BlhSRlaayed i n
FIG 4. A blank for the outer wall 104 may be in the formof a cont ai ner

sl eeve of0a viady baoronsaustedef atykinbef papAdoaippapeTHeilclolm. dalies forop plastipot
limted to a #i%tcanﬂle%YerWalﬁM rﬁ{lpbﬁ{ w%&@% grei{o]nbl néogb'cond%kbfﬁtclu'aﬂit l+dtm ted

to, a bulk coffee contal her, a so ai ners

sl eeve (e. g. noslingtee td alaﬁlradrﬂgu@ﬁrcedyhltb@mbbai {ingle feﬁfépdfdat@lail@dhed top

non- cor r ugat ed, cardboard etc.), folding cartons, tra bow s,

cl amshel | s, amtBlofacercomyepts. Bptedrpmreatc anycombinagipa 8y Se Thee sitstlher 100

may be a cylij 'bqrrhﬁfé‘t%e %HBv%le’&o ﬁ%%bﬂtﬁfnef‘% S%nOb G Wﬁﬁggﬁﬁk%'ammd

configurations, I ng conica rectangu ar, etc. e outer wal
104 bl ankS3i s tadic danrditeed 000 The ooter wghtl 4 ndnyé>e<adherbdi afnke;xamlﬂie Ymay be

constructed qf any ki.nd of ard, foil,.film bric, foam

S st o, and Jepiatg gl DR o ol e onuiBrolingn o oHRRA pelfer
stock, incl udh@gaRisr 9tothdr THARH lR sedlRbUh&hasisng! RittAGEvelWBE frerddprped
srngle face, coated bl éached top single-face, corrugate, fluted corrugate

or any conblnhtDmmrwﬁﬂﬂﬂ@bbnkﬁmdb@@ﬂ@ﬂemammaQOﬂﬁﬁay@bamm@ﬁDMdbbeu&ronrthe

contai ner 100w28f 161‘ S a&gd[heea tg\ﬁ% cuI])' ﬁnng Xlanufaéa:tupee, riterrcliay increase efficiency by

20  climinating an assembly step by the commercial end-user. Further, it may decrease
the amount of storage space required by the commercial end-user, e.g., storing one
item as opposed to two.

[0022] FIG. 1 is not necessarily drawn to scale. For example, the outer wall 104
may cover a larger or smaller portion of the surface of the container 100 than

25  illustrated. For example, the outer wall 104 may provide full body coverage.
Increasing the surface area of the outer wall 104 may provide a larger insulated area
as well as a larger print surface. Although the drawing illustrates the outer wall 104
on a cup, the outer wall 104 may be added to any other containers, such as but not
limited to, a bulk beverage container, press-formed container, and soup tub.

30  Alternatively or additionally, the outer wall 104 may be added to a container sleeve
(FIG. 3).

[0023]  Fig. 2 is a side cutaway view of a container 100, which may be a double

wall cup. The container 100 may provide a jacket of air 200 between an outer wall



15to the container 100. The outer wall 104 may be adhered, for exanple, by
| am nating the outer wall 104 blank onto the container, using a hot

adhesi ve,woabm/o3edss and/ or any ot her adHesive or seal i n@CEAESR@NI0S3YBS
Alternatively or in addition, the outer wall 104 bl ank may be adhered with
an insulating material. If the outer wall 104 is attached to the cup during
manuf acture, it may increase efficiency by 20 elimnating an assenbly step
by the conweﬂgﬂghdeﬁdfmse06sﬁbﬁ?behmthonﬁywdegéeaﬂedphﬁhammuﬂhmoﬂxstorage
space required by the comercial  ,end-user storing one item as
opposed to twde qipigget FPmay pr%VlﬁiFofthe%aéé%%léﬁtwws greanicd By arqutaide segtace

exanpl e, the t%@@tﬁtu‘ﬁ@l "l"hcl%gfl a@ﬁ% 200Vely Artiadly Ao 'ble‘fé@kﬁt%utﬁHQEé &ﬁgalﬁér t he

surface of the contal ner an 25rl'lustrated. For” exa out
wal | 104 nayiMMo&VMHHhubmﬁbmdyﬂxbsgn@@aiaunmmeﬁsnnged@mﬂsumkmmaﬂdméa of t he

outer wall. 104 vide a |ar i.nsul ated area as wel] as .a | r
orint sarPacdiod ibtdlivtsiol apBRARY 10 ROREI RO iR S Bt s Sash

cup, the out %d%telnua,@ﬁmm@axe BntA4 I8 dnQnAd¥v At 112N o fRNERIABESL00S BB aBS but
not limted to, bul K beverage container, press-formed container, and soup

tub. 30Alter rjacthet/é(DQ/m@Y coldkist tdvalprapsure melnéﬂﬁ@rmwmwe Q@ﬂnsmﬁlmrlamldyd to a
cont ai ner slee 248 utaway view of a

cont ai ner 10(fm V\lﬁllﬁf %%ﬁa BgLea thtBP(g[S\%alﬂfe Rl aiﬁl(ﬁ‘(:ont ai ner 100 may
provide a jaqg@t4]of @hlrlnéi@ﬁm%%%@@ﬂ 238 a@lbﬁéi‘lrbe‘ﬁﬁéén thd BthepREll GONheNS 206,
such as a hot or cold beverage or food, of the container 100. The air

jacket 200 reptesmeli U mameredase orrpliminate gns elfeqtedEapeldiciopt amownivi de surf ace
tenperature. d;m%]tﬁltg r{n%]t@ﬁeh% %QQSGHH%S%%L a'tlﬁ% L%abe(%{&l E%%agta@ o pRggound the

cont ai ner e con al ner dsuré exerted on the
outer wal l 1G{gl&tmuh@ntcomrmbingp&eth%hﬁal@mwnowa)lfItheldih4jaaltet poessthce points
to reduce the air jacket 200 an ggtentlally initiate contact with an inner

wal | 102 of tHEeTdGik Hi4 rﬁéph%@cthew r 3yail 104 degs notsollarsg. casmnleisyerunder
pressure poi d , ma

P eate hot_spErid THRn i Aoy Sy AhALY spdfih Ko EMAR T8
appl i ed bétmﬁﬁm.ﬂmgumnmeghMmenmﬁﬁwamﬂLchbmkﬁomkenhwﬁhMmmﬁdoﬁmyeMeduce or
elimnate this fect. If a ficient anmount sulating material 216 is
Csed the i nalrdemicd srerdh APtk SRR AR el o) Bt i lie yowet b
conprom si ng ¢,b@rddRrimlg thsshi@hbOTYhay Beredifed. aTGhs AR olritatthg 29yt er wal |

104 such that the outer mall 104 does not col | apse, conpletely or
partial ly. Theay besayipicd mgspots. ewdhals dzmomtleed@ammmﬁcam thetinmamgtahl t o t he

ggm g: zg; ig él%gutélléltogpe% %vrallvﬁ) ghtbor%atsgéﬂ falthd Xsug%ng actier}a?2% QSIS a;[l Du%

20  gap 200 and prevents the outer wall 104 from collapsing onto the inner wall 102
under holding pressure. The insulating material 216 may also provide a rigid feel to
the user, while allowing a reduction of a substrate material, for example the inner
wall 102 or outer wall 104.
[0025] The insulating material 216 may expand when activated, or may be pre-

25  expanded, for example, by the inclusion of air or inert gas, in situ air voids,
microspheres, expandable microspheres or other foaming agents. The insulating
material 216 may be activated by, for example, temperature or through other
methods. In one example, the insulating material 216 may be thermally-activatable
by a hot temperature. The insulating material 216 may be an expandable insulating

30  material or adhesive. Additionally or alternatively, the insulating material 216 may
include but is not limited to, binder, expandable microspheres or other micro-
encapsulated particles, pigment and other additives, adhesives, inert gas foamed hot

melt, aqueous coating containing heat-expandable microspheres, starch-based



mechani cal strength added by the insulating material 216, such that the
source of a substrate formng the container 100 may be reduced. The

i nsul at i yormat23pas 216 may be applied ih spots, such agcaatsgoiiosssasot her
pattern, either on the inner wall 102, the outer wall 104, or both, such
that the insulating material 216 defines an air 20gap 200 and prevents the
outer wall 104 from coll apsing onto the inner wall 102 under hol di ng
pressure. Theadhaswsahdtingl paiteet alhc@L s, PRAC, @80 cqutidgs,ddodegrddgbld ghes) ort 0 t he
user, while allowing a reduction of a substrate material, for exanple the
i nner wal | 102YSPMBiRagpn ghtheseigypthgraeseyah e The gy ainggaisHeleri0anan16 may
expand when aaLiy@kedn A vdIBY niEoRliftios2RRABARAGE, k. SRR b he
inclusion of alr or Inert gas, In situ air volds, mcrospheres, expandable
m cr ospher es dssobtiigeparfidasyiang cmgdmbse edneple, ibaiinat]atuge matcerl 216 R may be
activated_by, for gxa | e, L‘ﬁwperature or .t hrough .ot her, net hod I n one
exanpl e, Phe THEFPATPHYXHRCEIC S OO WEN Al P Hel £ O 'B1YE by a hot

t enperat ure. pERQnt MibhbRY niTRd EintPthe Zk81aMRY n€erAi 2 e PaRdARLIgANS Ul at i ng
30material or adhesive. Additional I]y or alternatively, the insulating
mat eri al 216 matyrialid bueky tsutiodegradeblel ¢ormpasthbleo andiprugeycladgpandabl e

m cr ospheres t her, m cro-.encapsu d rticl Lgmrent and her

nadi 41 ves, - adbafles o5k BER SRR 2 Raf B bt ye B RE P Rhaf Mg B8Nt ai ni ng
heat - expandaljh&dfing RSBRAA 8 maStiatiahe BAsEMthcBd BEBAMARS mafdalindludRQ Yer
adhesi ves, PVC, foam coatings, bi odegradable gl ues, or any conbination of

these or 18t hexqupritsdepes solvamidasedshighsplids. aut QP solibmaterialy. The Pagsntiaf- si t u
air voids, mgy. 1] rtigeh [ ; I i.b&6

i Ssol ving papi SASh ISy afik 8P blsEho S b s E Ry FURRIERR b RIS o 216
W th 5m cr ospites.eaddipnal icdradientd nelydrecddded s bindonand/driinaul dtidgy,maeed as one
to five, percent. nmcrospheres mxed into the insulating nmaterjal 216. The

i nsul ati ng metlér ingludiedbutpgt Igpited i9apigreatnr dycs Snpesrihders. sisgreigpts for

recycl able. [ : ] i i : 3 £x: l.e: when wet or
dry. The insuﬁ%ﬁl\%ﬂ%ﬁk%ﬁﬁgﬁ?ﬁS%eﬁr&g&/ﬁdﬁoﬁég%sn xgy tt’%tg i@d(: r C%édtwﬁr al

mat eri al 16nclfoaining agEntacpddoives bksedxesswislipatds aslabl likd. ghltsohtivdsy, tle 100%
solid materiagls, The anount of salj ontent ig typically 30%to, 80% of the
at er a1 andiis angperai At s 5 on St dhesir ThhubelepigiE] be
added to the DA hABAL QT alipRSHrBdsl MRSt 3bt Rhfed 1o DBuRHbn RO
limted to, pignments or dyes, fillers/extenders, surfactants for

di spersi on, thece kereinsr antantd hag ot soltl pabsomptipn bof vérslcnsitioy ahd/pr bgtid randad

appl i cation,

it may expand on contact with hot material (such as, over 150 °F), and preferably

20  remains inactive before a determined designed activation temperature. For instance,
the insulating material 216 would remain inactive at about room temperatures. The
insulating material 216 may be repulpable, recyclable, and/or biodegradable.

[0027] In a further example an inert gas, such as nitrogen gas, may be injected
into the insulating material 216. For example, an inert gas, such as nitrogen gas,

25  may be injected into a hot-melt adhesive, starch-based adhesive, or natural polymer
adhesive may be used. The gas may be applied onto the outer surface of the inner
wall 102 before placing the outer wall 104 to give these materials foam structure,
and therefore improve the mechanical and thermal insulation properties of the
double wall container. The gas may be injected into the insulating material 216, for

30  example, before it is applied to the outer wall 104, or during application to outer

wall 104.

[0028] FIG. 3 illustrates a cross section of an outer wall 104 (FIG. 2), such as a

sleeve, assembled with the container 100. This figure is meant to be illustrative and



15f oam ng agents, additives |ike waxes or slip aids, and the Ilike.
Alternatively, the binder and/or insulating material 216 may be an

adhesi ve.wdhe1z03sissat i ng material 216 nmdy have several PCOAS2A11H3928
including but not limted to thermal insulation to keep container contents
hot or cold, absorption of condensation and/or liquid, and/or it may expand
on contact with hot material (such as, over 150 F), and preferably

20r emai ns i nawt livetief Theecup mist ey mplaeet wib hgneshtaati, katekanplkeapesat ure.  For
instance, the insulating material 216 would remain_ inactive at about room
t enper at ur es. iR iy @IsaER AY- At Bk AeVIaEs s TBparisanrl, 10¢ edydays e,

and/ or Dbi odegpagdalee id,acll%a]agr&u%r FREBogr A%Xiﬁ{métﬁl atEﬂ?zﬁr2tl6%?a§vbesdégne@S
nitrogen gas, may be injected into the insulating material 216. r
exanpl e, an itndre ingasacsith theoumrtfacgdd, gakor t8 arrarfadee312hjepeteamdhe mner a

hot - nel t $dhe i sta or. natu nmer _adhesi ve may

iv ch- based hesi ve, al. pol
b weed. $ho Tt ninhS BuBtRes 8RN o of ittt bl R B VR IR vl
102 before plmgd 16 dnld@ueYtrsde 308! do I%Qﬂecte@sagiil})/@oﬂtahﬁﬁ%pé@%t%Qib%{v%etlpam

structure, and therefore inprove the nmecharical and thermal insulation
properties of[00BY dodliesuking redeatiai2dérsuciihea heas-crpyndableimjteritlenay ht o t he

i nsul ati ng mat er.i 216, for e I b .1t is applied to the outer
wall 104, Jor BPTs EphercRie TR SISl VLR Fins el Sa e S Tl at es
a cross sectiigfulffnganatetideNn 6\Walyl belddpliédasa théd £ilng Hah dGs rdt BlaBeMRy aR&SENDI ed
with the container 100. This figure is nmeant to be illustrative and not

| i mi ti nglO0Thehethickigss ddahe epawell 194t Appliipgdbhingilabnrg mpisriabdintpltee a
press-forned .tr. . bever ag kher out er wal |
P04y have Y B SRR b e By AR B BB R A ousT ety

mat eri al 216 thayutbewalp pb4 el thoinkilietingumeteribbZi® e otftewalltion if asemB6d,

and/or to a surface 302 between the inner 5face 306 and the outer face 304,
such as to arfor Fi@wlnarth Hstandaed panss g, 1tRay MAHEHN thectinspietilgof tBe e face

501 o1 DAL ECNS L ARAEE SIS A2 0 i

15 to expedite expansion thereof during manufacturing, before being assembled as a
sleeve. This assures that the expandable adhesive/coating is expanded during
manufacturing and provides for additional stiffness and strength after manufacturing
and before use.
[0030]  FIG. 4 is a view of an exemplary machine system 400 for manufacturing

20  packaging material or substrate for making containers such as the container 100
discussed above. For example, the machine system 400 may be a conveyor-type
machine system with a number of stages such as the Asitrade microflute lamination
machine made by Asitrade AG of Grenchen, Switzerland, cited as merely one
example. FIG. 4 provides three parallel views of a process: a view of the machinery,

25 A, aview of a manner in which the sheet material may travel through the machine,
B, and a cross-section view of the resulting manufactured product, C. The machine
system 400 may extend longitudinally over a considerable length and may include a
number of work stations along its length. The sheet materials assembled into the
packaging material or substrate travel from right to left along the machine as

30  displayed in FIG. 4.
[0031]  The machine system 400 may use a first sheet material 402 which may be
provided in bulk as a roll or web. The first sheet material 402 may be fed into the

machine system 400 and through the various steps of the process by a wheel-based,



applied to an inner face 306 of the outer wall 104 in an active or inactive
form The insulating material 216 may be applied as a thin filmthat does
not mat erwal2biz/mbiver 10t he thi ckness of $he outer wal |l POZ/USAmployiong t he
insulating material 216 to the inside of the outer wall 104 may al so
maintain the printability of the outer face of the outer wall 104. If the
insulating material 216 on the outer wall 104 is assenbled, for exanple,

W th a standérett-tpagt br 6thpr corveyamye @ydtaﬁaFIGtmﬁusﬂrdtmthéoﬁé ot whedbasedup. I'n
the alternative, the heat-expandabl e terial may be actl vat e by t he
m crowaves 15V8cExgtarraivelipidibenlie thegnaching systemnHIF @AY ue sheet bef or e

bei ng assenbl gd.ag hisl IEAAS p;g'fgr?nt@é at & taﬂ@édpltﬂé%leeéﬁ%mgiatt rn or

adhesi ve/ coati ng 1's expanded manu actur ng and provi des
addi ti onal sthldrfknefehe pﬂdcdanlmcgagm@ffbmxan@ﬁmfommof u@smmitdnm‘rmrp@tme

[ 0030] FI 4 1is ew of an e | ar mach system4 0 for manufacturing
20packagi g ke hels B oF REEH 16 ORI GOES APASY E0Sch as t he

cont ai ner 10Go@35cus R iRk &Rt nﬁ%aﬁmh be E&ﬁ SR RERecRY LM RY be a
conveyor-type nachine systemw th a nurrber of {)a es such as the Asitrade

m crof | ute | dnivingtsoow rigadity and M@Cab?blﬁ\gfbmagibelﬂ@r@tbor@l @n@h@mte @udll@r | and,

ted | | e, | |
beases noy e A Ep B Re, M AR AT BT LRI s GhRer | P

sheet mat eri alneFpypck, oY &laniflé @Mqﬁtllhﬁtemkmepap%r ciydcAt@ReS HoeEt | on Vi ew
of the resulting manufactured product, C The nachi ne system 400 may extend

| ongi t udilAal IWhitprtep linc epripiaerbaprds, Soéﬁ@ﬂwcbﬁﬁﬁu@? She) bemdgorethtrer of work
stations al Onnq%t&{ ! #R &Qtengnﬁ Q@%atﬁ?t ﬁéﬂ ?Jet?)tp?&ﬁﬁm séd'\;/ﬁ fepgckagi ng

material or su rate rave e ITHC I ne as

30di spl ayed irpsifthfise ahd n[l@%lz]: ﬁhﬁtlﬂi@cmsel&taypdr&thmweuaE z&ltématﬁtelﬁ heet
material 402 which m OV|ded|n bulk as a roJl_or web, e first
sheet materi &' aﬂ@lﬁloﬁﬁi}’ fe}meﬁ%alﬁﬂé Ay s %@p@%dt@rﬁozmeats%aarﬂmaé@pgh t he

T L P

conveyance system ased system
Al t er nat il$el wr@nrxﬁdﬂitlbnmfahé foregdieg, wa divi like. éfy]stfemsﬂl@@ negtiall 462 shgde

mat eri al WhICh ri nt.ed and, ma aIr be die-cut with the
e tora o b dros B R R e RS g Pad o e R e b aR ke of cups.
cont ai ners, pRlalwstiorereiishel l's, trays, bags or beverage contai ner

hol ders, anong others. [0032] The first sheet material 402 may be conposed
of a general |[§033]at irhe¢ érst aheet material 402 may be conveyed by a roller 408 to a first

work station 420. The first work station 420 may be a corrugating station. The first

20  work station 420 may also include a corrugating roll. The corrugating roll may
shape the first sheet material 402, or other medium paper, into a series of waves or
flutes. In the alternative, a monolayer or single sheet substrate may be passed in
directly, without corrugation, as the first sheet material 402 or paper medium.
[0034] The first work station 420 may also include an applicator which may

25  apply a securing material to a side, i.e. to the flute top, of the first sheet material 402
or to the side of other medium paper. For example, the applicator may be a trough
containing a securing material, such as an adhesive. The trough may be stationed
near the corrugating roll such that the adhesive is applied to the tips of the waves or
flutes generated by the corrugating roll. Additionally or alternatively, the securing

30  material may be applied by spraying, brushing, or otherwise. For example, an
applicator may apply the securing material by spraying it onto a side of the first
sheeting (or other medium paper) material 402. The spray from the applicator may

be constant or intermittent and may create broken lines, stripes, dots, or ellipses of



havi ng sone rigidity and bei ng capabl e of being bent or scored to
facilitate bending along determned |lines. For exanple, the sheet materi al
402 may beosbrgisessbace |iner paper, for ¥xanpl e but not PCirmseed/os892Kr af t
paper, clay-coated news board, 10white-top liner, containerboards, solid
bl eached sulfate (SBS) boards or other materials. The material may be
treated, such as to provide increased water or fluid resistance and nmay
have printi ngeomrimpahsetigd Dreighk Qﬁt‘,spalferﬂd’lﬁay’rbé gipliall by Advérigiat apelioata@ior
additional ly, the sheet_ material 402 may be conposed of corrugated
cardboard, cmyﬁﬂ%‘épﬁthepﬁ“%ﬁ?ﬁﬁ m%é‘il%ll“lo%éﬁa%‘éﬁ‘pt@rthe P& ¢, pol yner, fibers,

composi Lo, mighysies HLLAARPHIA RSB, Ifop@xe{ngg{)]?%?ﬂaﬂgem@er Rkl ke. The

first sheet terlal made rec e naterial's or nay be
conpost abl e, 1b$1ﬂ1ai&1grraata1bdlé216pasr cahaondseniead omaﬁﬁgg freszampROBBTWahf i r st
sheet material 402 nveyed by al rol|er 408 t first work station
420. The Pi réﬁc%}gl@rggeéil?so ndablg insy lﬂégtaitfﬁba VOR Pretsh r st

20work stati %scﬁg&dqﬁue@ilspuﬁmhﬁpeet& éé@ﬁﬁ%%&ﬂeﬂglrﬁ 8 be a IEMGPEF HHG-1 N9
roll may shape the first sheet material 402, or other nedi um paper, into a

series of wavesnoft ahesiesor a eld st adhdsarenfor icvenpla armrcrmeay?éheswe siamjpl- e sheet

substrate nm ssed i ctly,,Wtho cor,r e first
sheet  matert BTSN gl pattnaputsa PSR TP R Ve e B 956" ey
al so i ncl ude @fesapillneat BindvRi §atHEYs, 28aRNkid thedeUri ng material to a side,
i.e. tothe f UtEtOEb of the first sheet material 402 or to the side of

¢

ot her nmedOum (883 S@nangn@tertah@aabpldiekimr@i torthy aprdicator fiouyhlieofiZai ni ng
a securing materi al The stationed near
the cor  ugat 1 HICh Biey TP aCpRUOR TG pEPFubOS R, "B Tl peor Che
waves or fl utrﬁ@rcgpm@émﬁdhémxpmiabIarlﬁmtdnﬁgaté@euImayﬁwrémmalwlm Qiirch,
alternatively, the securi ng 30mat er.i aI may be. applied by spra i ng,

brushi ng, or *dtiAdgrwprssherpdhesiveanpieral 18 theagapritionterandgyeramsiop siaten 4dgur i ng
terial t ther nedi
paper ) - mat or 10ty o P Bl Bl e Rle AR bl HIRI8 | 02 Constant o

intermttént [aﬂw]nayhcmx&t emlydients,| the egplicatol kpEl$ mayaipply Opatetd ofxsiest-of
securing materi al ns a d patterns may be applied hy noving the
appl i cat or orexswd?%l%e ?F &Y shasbpptera %rrqtgfrr p&e? pedigm; (RECTEEl Phe

sprayer. [003plthess ﬁﬁ)‘ﬂBlag% s‘ﬂ@éte&zhﬁh 1§7ﬁ1¥n B€ated Y a %maee h&ferdd Ia@%or

thermal insulating materi 6, or other materials or coatings,
exanpl e, thogbe hedtfexpandable coatlng to expand. This coated and patterned monolayer sheet

may then be sent to be processed into a final product having the patterned coating.
20  [0038] In still other embodiments, the first sheet material 402 may also be
incorporated with a second sheet 404, for example, by pressing the second sheet
material 404 to the first sheet material 402. The second sheet material 404 may be
secured to the first sheet material 402 by the securing material resulting in a two-
layer sheet material 426, such as single-face fluted sheeting as shown in FIG. 4, C.
25 [0039]  Any temperatures above a predetermined temperature in the corrugating
or first work station 420 may have the negative side effect of over-drying the heat-
expandable adhesive or coating, which may cause premature partial expansion of the
microspheres in the adhesive or coating. If left too dry, the heat-expandable
adhesive or coating would then not have sufficient moisture with which to absorb
30  microwave energy to be rapidly heated. Accordingly, the temperature applied to the
combined corrugated board, e.g., a single-face board, at the corrugating station is

preferably kept at or below about 200 degrees Fahrenheit.



5 securing properties. Various expandable insulating materials 216 were
previously discussed in detail. Furthernore, the securing material nmay be a
hot melt wo auxemokot nelt adhesive or allcol d set adhesipg@/ustain/oesoaspl e a
hot - mel t adhesi ve, starch-based adhesive, natural polyner adhesive,

cel | ul ose-based adhesi ve, glue, hot nelt glues, polyneric binders,
synthetics, foans, and the |like. 10[0036] The securing material may be
delivered to [0040]appiThe av@tayts Sivcembtcriel 428dnayhice bo Byt obthr@idhadne at a
conditioning and preparation station 432. The microspheres or other
expandabl e i A8dusiial HrHciodREe heaterfed/, wBICH ey bedilptonnd thercomyeyor beligler  or

ot her adhesi I I: iti.oni | t Btk 432

bef or e del 1 very b Sehe afith 1o PR iR B B R Bl B 00377 1 n
sone enbodi ngmtferabtyhemapplwidat dre lepptypandablampliitisg patariel Pl ofrora theat -
expandabl e coating to the first sheet terial. or ath paper nedi um
referred o HBREIHPEDatedip s Cé?%lrnogwgé‘fln,gPWPP@ﬂopétaPﬂ%%g%ei}FléHl%%}m& 15

m crovave heash%ep’?i@le%‘h!@s%rﬁtfb% d]%%fo%%@%@ﬂ &naﬁﬁﬁh'g RYn Be BXABNDve ROItS
coated and patterned nonolayer sheet may then be sent to be processed into

a final produéf, imahthngheatseupapidey, veddinptatdxpgnd e IGOBSHE mastridl P 1@ohie
enbodi nent s, Eége.fi rst[. sheet r{)att rial.402 may al so be incorporated with a
second sheet ZPPVFeRE aPIcd nge BUSEOhg the second sheet naterial 404 to

the first shqgpsiet erhehidBravd Rt idpehegly ARlhl §he 4PdaiBYt 55 Secur ed

to the first sheet material 402 by the securing material resulting in a

t wo- | ayer OshedHzmwaelsi @Hz.42 6t saueothasacsepigple ficgesncy| hemigheeare hgptas shown
in FIG 4, C ,,25[0039]An enper at ur es appve a-predeterm.ned tenperature in
the cor r ugat g B TR Gr Wb RPGE B iPe Bty AL TR lER e e e ot fect

of over - dryi ngictdvavh@ditesdpatsiabbelyadbe®l 4 vaterc@atainige miktuel ofpodaatdse
premature partial expansion of the mcrospheres in the adhesive or coating.

If left too dybicheerdaingatar @qbeaviraishas ahimb dlodeciomagasticryciunde hen not
have suffi ci GHferdflE Al r%h lg"ilﬂ'h&ihn Qanﬁtﬂﬁﬂﬁgth?é%t&r RV ARGLAN 10 De

rapi dly heat Accordi ngl'y, the tenperature applied to the conbi ned
corrugat éd baapkingehgprodactsi Tigl midraeeycdmated 42atif plagarcony ughideraghasitoat, i on i s

preferably kept at or bel ow about 2 degrees Fahyenheit. 0040] The
t wo- | ayer shaBen gt g]rl?eéw_ewor@yekswgﬁjegange&n ﬁPbE}&i‘}n%llﬁ[ﬂ?rr?oR@Frri al
m crovave heal&y oddifer sWtGR 8% tRBubKIdsked! RUNESt IR GORVE¥RfwaREhEatd ter the

t
first work station 420 to apply mcrowaves to the two-|ayer sheeting.
Mbi st ure preféfatdyynatenbi dig thd papenweher hibatrateXpad ackakteandrsphmt thag nmat eri al

216 fromthe 5m X‘{?H[e gtr e%ar ed i(rg1 (ﬁget condi ti oniln and ]g{kgpar ation station
432. This noi SPIUCICSTEHSTRPITHIE T 3 AEBFItHBH B nPLoWaPePPower _
emanat i ngof r qupifie NMras VRS chedicaihl $héd 428NEhichhv e shRRLfct Pufc@Rhéting, causi ng
to expand the insulating material 216 of the adhesive/coating applied by

t he appl i cat onay §00h¢ pRgkingisprteond(e ahége en tafurthesprocessimgabtlyasdipcatiiag, t ype

d 915 .10 , 5 : h le f .
The mi or owayd RUAPEr 2y e G el TR 86 Bk ARFOFRARr noater.

These types ofitdrigiigty, il twiklaywave @@t 136 afag beammipyoddsed blyahdr y
wat er - cont ai ni ng_m xtures or products, which contain polar nolecul es that

absorb the elreedbinsriagiaer 1) asdesqgipet helone Note ivhehramicrarare hegtsid 21 may i n
heating 3gd dd’eyallﬂaﬂlaho&y\{\@cta?erd’ al(ﬁ&dstaﬁﬂ)@%f Aitthet Brocessing down the machine

system 400. For instance, an expandable adhesive or coating may be applied at a

later stage in the process, after which, at some point, the microwave heater 427 may

be positioned to expand the adhesive/coating, as discussed later. The location of the

microwave heater 427 is therefore not critical, but some locations may be better for
30  ecase-of-attachment purposes to the machine system 400 parts.

[0043]  The two-layer material sheet 426 may be conveyed to a second work

station 430. The second workstation 430 may include an applicator which may

apply a securing material to a side of the two-layer sheeting 426. For example, the



15cooki ng the products. The m crowave heater 427, if planar, may include a
narrow, open slot in between two panels of the m crowave gui des or channel s
for a pap®o 20e2m303960t her substrate to golX hrough, as seenTius2flLGHN2S- 8. The
m crowave heater 427 may not only dry the paper web or substrate, but
activate and expand the expandable materials pre-applied between the paper

| ayers or on the paper. 20[0042] The two-|layer material sheet 426, such as a
si ngl e-face fdppliedoisheeipphga se@yingxidicridhéo thacbione sbyts esard0@04side gbthen to
further processing such as die cutting, printing, condition, folding, and

the |ike, whit®R #¥&ahecking 426 whiglamayOp dhrchiner Adeaf histtodrysr sheringdisof ayer
sheet materi al;428; ?Iﬁdggﬁg,ﬁm% &hé’%{kgi\%/i%ﬁglg é;r)lslg)% SBBETHE SN S kS MARY, as

descri bed bel ow. Not e mcr 427 may 25be alternatively
| ocat ed al onghs¢tamdtens 402 sidaiof Hertwoprleype sbeatigg ddon Thi ecomsiog nmaeersy stag e 400.

For instapce, an_ expandabl dhesi.ve or coating.ma e appl.ied at a |l ater
o ag  n Bhe 5 P RV o o RNEY £0F r B lbe Sutner 427

nmay be posi tinnedaltiyebtPaihbNee, FINERMHE! £RALhAYadRSivE sBEUSEREY hdlc§ive, The
| ocati on of the m crowave heater 427 is therefore not critical, but some

| ocat i ons maynabwalneiyreer ddbesiBo eelbdosstbased adhisrimatglpuhpomek gtusstdedd spachi ne
system 400 parts.,[0Q043] The. two-l ayer..mategial s t..426 may be conveyed to
a second wor%ﬂg?aP%§ﬁ3 fg$ﬁéxggg%ﬁdna%?k%?%¥Vg@%ﬁﬁgéﬁay i ncl ude an

appl i cat or \Ahbom]rraym@pécmia%mwfai Rty belpplicll byt Prayisd, Beushingt be t wo- 1 ayer
sheeting 426. For exanple, the applicator may apgly a securing material to
the secondl shukarwingt &or exanqde the epplightor maY bRe troags cORABETY htpcu2B2  whi ch may

be the |iner sj o] - sheet | t ' -
o onal 1y PRI AS | MSLuSIAPLLDR 130 Al BLIALL KB R e
sheet mat eri akceHidvekdetioh 48 0gudhinhat thy efcusihg atataral A2pHpliddh® thedpy ofithe

mat eri al may be 5or _i ncl ude an, expandabl e adhesi ve or jnsul ation coating.

For exanpl e, WH&s eelufch Agnciaiedby Hic cRuyeyigdRll adndscend ¢ampexatpl e a
hot - nel dhesi N i : : i
ot-melt a g%ht{gaéﬁlrﬁéf%&gﬁggfaﬁ%@%ﬁalgysﬁﬁkn O%%{tﬁ%fmf’ed&}‘%ﬁé Pt

cel | ul ose-ba esi've, t u | d set gl ues, binder,
synt heti d§, pbbstmgrmatetialdd2ythe Saanmd shandg tiaterial k@4, of 06thd | THeapsg diomn Hg
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may be stati Qefifgass chgidhhtehli Hbsf@edsd bRRRAREY b Hilicl B nRRGANGWOr K
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station 430 such that the securing material is applied to the tips of the
waves or f| utapplicptorardiyerobyg thedirstoheefqaatenma 402 Irdlativigto shesspeayed exanpl e, an

appl i cat or - my, agipl vl N, SECUT g TRLErLA) B SPE AN D okske PR il 02 ©f

20  sheet material 410, which may be a second liner, for example, by pressing the third
sheet material 410 to the two-layer sheeting 426, creating a three-layer sheet
material 434.
[0046] The three-layer sheet material 410 may be composed of a generally-flat
material having some rigidity and being capable of being bent or scored to facilitate

25  bending along determined lines. For example, the three-layer sheet material 410
may be single-face liner paper, for example, but not limited to, Kraft paper. The
material may be treated, such as to provide increased water or fluid resistance and
may have printing on selected portions of the material. Alternatively or additionally,
the third sheet material 410 may be composed of corrugated cardboard, chipboard,

30  SBS, metalized paper, plastic, polymer, fibers, composite, mixtures or combination
of the foregoing, or the like. The third sheet material 410 may be made of

recyclable materials or may be compostable, biodegradable, or a combination of

these.



15sheeting material 402, the second sheeting material 404, or both. The
spray fromthe applicator may be constant or intermttent and may create
broken | iwe2pi1zBoisgpes, dots, or ellipsesldof securing maremiuskoliDesvgins and
patterns nay be applied by noving the applicator or by noving the first
sheet material 402 relative to the sprayer. [0045] The two-| ayer sheeting
material 426 may be incorporated with a third 20sheet material 410, which
may be a secd0047]i neThe f@bnéxaaphtetiony3(pmep bt dthntiigot. NTHdlagdieef theat er i al
410 to the two-| ayer sheeting 426, creating a three-|ayer sheet materi al
434. [0046] THeukikyerdshedingstisbes Hhstthicrdryca shechaptesial i&%hﬁ@é{é@pﬁﬁveéhe

general | y-fl l.al i P did Ve I lg,.0f bei ng
Bent or Scor o FrE it 3K ABBRRE BB e AR oo, exanml .
t he t hree- | ayeicretmethcatat 427 mhy dlidnarayelblee locatgd et dracer the seonpapek , f or
exanple, but not limted.to, Kraft paper. The terial . be treated, such
as to progi degitaltWBr“éﬁ]é‘éBa%\Wé? ?é’ﬂtléé?lc “g‘i"ﬁ “PEsy st n@él?aé(ﬁﬁdﬁg%ﬁg\l’és%?g nting on
sel ected por thQMsh ffe fBshdWER skon 480! &EPBUAN N0 R ToAdHahé oM@l y, the third
sheet material 4I0 may be conposed of corrugated cardboard, chipboard,
30SBS, net al imetbwapdcatepd 2y thepohyidyrheat, pinkthes cxpmd ot adhesiviexarur es or
conbi nati on of tt.he Fogﬁaﬁi .n? or ihe Ii%agb.1 The third sﬁleet.mat Eri al 410 may
be made of r&CYUIHBIE! RATERT HCENHY - FRP DI SHPRYTECh &) BiEYPAShIe, or a
combi nati on afppliteeahe nlu@4ydrddghesEARE sdtfikg Slatlia® NTHSBuIBY cRY sheet

| am nator. The layers of the nultilayered sheeting, such as the three-|ayer
sheet matl@ri ahataey leaying thapecene woaile stetiond3Uimay be furthgr renditiongdappheadignce of

al Tor nat i vel 3 bant saar 2 /OBy apbk TR0 UM Ei QYRR AR AN AR WBRYs st o e

W th m cr onwaMvgetoahee@itaihbel0dul ti | ayered sheeting passing through the second
work station 430, during |lam nation, for instance. The m crowave heater 427
may then rapil8@098lheaBeveasidat feasiblity fenig haysbecadissioried wing» semmgn ofage
cont ai ns ther - il GYTR 1 phe | to the
mul til ayered rﬂﬁé&g{avﬁé@%ﬂg&gé I&?Ei %g%ﬂéﬁ%@fﬁ?ﬁﬂﬁ%aﬁ%ﬁﬁ %a%?gﬁ%g%ye?‘ge

15 corrugate board and F-flute single-wall corrugated board were used as substrates in

these tests. The results from these tests include confirmed the feasibility of
activating and expanding the heat-expandable adhesive and coatings sandwiched
between medium and liner. The tests also showed an enhancement in drying and
reducing steam energy consumption. The tests also revealed that an angular

20  waveguide, for example, a 45-degree-oritened micro-waveguide configuration could
be used in-line on the machine system 400 to produce increases in speed of the
process commensurate with the process when no heat-expandable adhesives or
coatings are used.

[0049] FIGS. 5 through 8 include various schematic views of the micro-

25  waveguide(s) that may be used for the microwave heater 427, which may be
installed around one or more conveyor belts 503 that convey the paper board, sheet
material, or other substrate through the machine system 400. The microwave heater
427 displayed is a planar type having a narrow slot 505 through which the sheet
material passes. FIG. 7 shows a cross-machine side view while FIG. 8 shows a front

30  or machine-direction view of the microwave heater 427. The microwave heater 427
may include a number of micro-waveguide channels that are connected together to

provide increased surface area with which to radiate the sheet material. The



10 material |eaving the second work station 430 may be further conditioned,
cut or die-cut, and stacked for shipping. The nultilayered sheet materi al
may t hen We 2hwasesdsi nto t he contai ner 100 [0048] Sever alPClrais2diamssons | i ty
tests have been perfornmed using a common office m crowave oven and a pil ot
pl anar, industrial mcrowave heater. E-flute single-face 15corrugate board
and F-flute single-wall corrugated board were used as substrates in these
tests. The raefmkhsordsrdispliyrdse FI@StSthitough®8dsf thomidroweet Rdaer Beasictbuki ty of
activating and expandi ng t he heat-expandabl e adhesi ve and coati ngs

sandwi ched beetxﬁ%‘@[)?%%‘éﬁ%ﬂﬁnéﬁ?ﬁ“ioi dimitife tests al so showed an enhancenent

|0 drying andobsgiuct piS) SIMSSKANCANSUAPLEPReuTi%o! iahimalag, £ oveal ed

t hat an angular Z0 wavegui exanp ree-oritene

m cr 0- waveguimdtitaynf shgetr@stena ic apretcbethasiadudes hicnevor Heh@ngwaitthe ne syst em
400 to produce i.ncreases in.speed of the process commen ate with the
process wHen Ryl SPAMAHH] T CXRfS cyRansign O?a}ffﬁtﬁfa@aﬁaiﬁ SIV¢ 8049] FI GS.

S5 through 8 idgliMderyaddsRuslins he MRS | Cinkiu8¥Wep@inal RfitdY (Rt Pnay?R pagvGaWrde(s)
that may be used Tor the m crowave heater 457, whi ch may be ‘install ed

around one ormemsrsteps ohtheyarthdsk| Asbled39AMhatfirsshest ynatérel prydrc lpalrd dytosheet
material, or pther,.substra t hrou t he chi syst.em 400.. The m ¢rowave
neat er 427" i Bpravad RO st B9 B HRuRGT L ArhSdSTE Sterng it

whi ch the shagiy b@dplicdko TS 85theFlr§e shdet TINFal ATHE Q& BrilR eI Hlafl®c Wi eW
while FIG 8 shows a front 30 or machi ne-direction view of the m crowave

heater 429. Teat-erirendabbsedhgaize er coppingmulich meyuadude mstatsangmicrospheres

m cr o- wavegui h I . ar r . i ey .eased
curface. ar oa GreRe A srorbo Mo L PRESA, Sar AR e b LY R ES

di spl ayed i n tht G5t stect iaruigh 18 tlaf tidrieaydit shcowvamerifidal ascditingatifednl that
exenpl ary and not neant to be limting. [O050]FIG 9 is. a flow chart of an

exenpl ary met'ABBdesShe heangreandable sgatinentherthodyar shertsratarit BYY &F bedcdabr ocess
that incl Udesol&'ékcés‘bv\?i‘{t?nﬁ&%h@eﬂ t‘g%xéargﬂhé h&&%%@axmﬁl%_tadﬁ@sﬁﬁ‘gﬁéo%n 0
a he able a e dashed

expedi te expansion o at - expa esive or coating.
l'i nes i nlBl GAtDlockcd40deheapbiloymishead utagsial hay beryninypd sspronessmyg imorae St eps

of the netho t bl ock 900, a fi.rst,.sheet nmater.i al e loaded.into the
o chi me oyt dinthbreaias e by Deblif id S et on ok foRghlads ULt St of | ol
may be appliedsdnghigg Side of the first sheet material. The securing material

may be a 10 heat - expandabl e adhesi ve or coating, which may include a starch
and m crosphdf@sljor aobiwchOhera sompbsctiimnmatariabhay ke Adicddo s eclondtieheet

material may be appljed to the first sheet. material. |f this two: er
Sheet rmat or ] dMoraLTanES pifforial i sEpud “ERtied aGrisfiney bha S AR RIaD! o
coati ng, 2phe ddhesivANoaBRE RkhifBMeY iRtluddBYar&iLadteRiceshpRére DBl B3R dhdrh

m crowave energy to expand t he heat - expandabl e adhesi ve/ coati ng. 15At bl ock

940, the two-ddaguate emepasitipg: diollawingstfisistepe theweyldlyeiosheetgaasyilienyi skib a
final producty, SUGRC A%, WpPLAdEdt AatedhfySH1bhiliba & RIRY BRY nh 8T ks
and/ or being assensted >*P & 5
sheet material applied. Otherwise, at block 960, a third sheet material may be
applied to an exposed side of the first or second sheet materials. At block 970, if the
25  second securing material is a heat-expandable adhesive or coating, the multilayer
sheet material may be heated with microwave energy to expand the heat-expandable
adhesive or coating. At block 980, the multiplayer sheet material may be laminated.
That is, if the first, second, and third sheet materials have been applied together, then
may be laminated together at block 980. At block 940, the multilayer sheet material
30  or substrate may then be processed into a final product, which may include printing,
die cutting, being removed from blanks, and/or being assembled.

[0052] For example, the resulting multilayer sheet material may be further

processed such as by application of and subsequent removal of packaging blanks



[ 0051] At bl ock 950, a second securing material may be applied to a side of
the two-|layer sheet material. The second securing nmaterial nmay be a

heat - expamdabi23@®adhesi ve or coating, wWW ch may i ncl udecstseah/oasyds

m crospheres and/ or sone ot her adequate conposition. Follow ng this step,
the nultilayer sheet material may skip forward certain steps and get heated
and/or lam nated without first having a third sheet material applied.

Qt herw se, atfrdoh daksh@&Gnateridlhind dssshdgt ofitht Blankd infEthe H@abpptuedbibok an
exposed side of the first or seﬁond sheet . materjals. At block 970, if the
25second sec hg! hatiea ipxrductotihe gepcess,(yhitldpreba dited e eRNRIBOMET. t he

mul til ayer s : LAl e i ] nd the
heat-expandagﬁg&ggﬁgg%ég’%gﬁﬁggfF%%%k%ﬁmﬁ$%gkﬁggggﬂgﬁgoﬁﬁﬁ%?p(ggggégﬁeet
mat eri al may dent animeat eftthe Toatmémgioned mateeiafsi NVEhgre sedtapid layarschftnmterthl s heet

mat eri al s_have been _ applied.together, then nay be | am nat.ed together at

bl Gk 6805 ATBIGOKGREHY R do RS BYordyeht GLETTFR e PrAE FUGHUSE B ey
then be procesredidethQerrdltbftdher B5OAMChscd Wb gdn MY include printing, die
cutting, being renmoved from bl anks, and/or being assenbl ed. [0052] For

exanpl e, the [0883 t i Ag nmntipn¢dayes ofsthe stsulating magdriah@lo ey helptthesdupe teessed
such as by appljcation.of and sequent renoval of packagi. bl anks from
The ‘shoet ” mutBiekES afe3ba G e s SE M TR & vehtr PRz bl ock
940) . The fi nahoRIHY edel &f tht BEnRMREETEe bkl ABKrRE2 1 Emby als@ifipidve
cont ai ner hol der, containers sleeve, clanshell, tray, or otherw se) may be

made of dHe dpsuigioa Nregesties Withoematanerpwrdtodieln krsp diohrtages ofeddnvtnat i al s.
Wh Itiple | erial, 5 sed i Qi ,
ere muttlpl &o?iﬁ?ﬁ%er?&e@%ﬁé 'ofﬂhe Cﬁ%‘bgfalﬁso Arrhb Qﬁlﬁt‘% .n?ag/ 463{51{%%6%1% g%glgtsher

but not limte ein nat e ued; or “otherw s

f or i ncreasedilgty, enghdtic dr@o83 kdsh EIBY @okd blcusedahilfithepdpesbbad bngoxrat eri al
216 may help to reduce the thickness of substrate needed to nmgke the
cont ai ner, s|t®éifes) slseve matgrpls ssughpmtingrAng gnedivipraay bypigdredioti o t he

consuner. TheldL?}’dGN&h RO1 R BR{ doRke? ﬁ?a@eﬁéﬁ%géé?&eﬂaﬁﬁ@rl%‘@/ fdtoRsty ation
properties of the container, and to help keep the“beverages or foods warm
15 40LB/1000ft".
[0054] While various embodiments of the invention have been described, it will
be apparent to those of ordinary skill in the art that many more embodiments and
implementations are possible that are within the scope of the invention. For
instance, steps of a method as displayed in the figures or reflected in the below
20  claims do require a specific order of execution by the way they are presented, unless

specified. The disclosed steps are listed as exemplary such that additional or

different steps may be executed or the steps may be executed in a different order.



or cold |l onger, depending on the application. The substrates may be nade of
natural fibers, synthetic or both, such as SBS (solid bleached sulfate)
paper boawd 20r2d3esecboard. A sl eeve materils, such as | Po@usand/ossds um may
be produced of 10LB/1000ft2to 100LB/ 1000ft2 material, and preferably

15LB/ 1000ft 2t 0 1540LB/ 1000ft 2. [0054] Wil e various enbodi nents of the

i nvention have been described, it wll be apparent to those of ordinary
skill in the art that many nore enbodi nents and inpl enmentations are
possi bl e t hatWar@ AaiNthi n t he scope of the invention. For instance, steps of
a nethod as displayed in the figures or reflected in the bel ow 20cl ai ns do
require a specific L : - ar : unl ess
speci fi ed. Tﬁé diééﬁ%ggﬁjgﬁg%éﬁggghﬁ?g?%%ﬁ%gaggéﬁp a%yﬁgﬁgﬁﬁgﬁggﬁg ?tiona
or different mikpsaringypadsegeofabe siedt matetihethstughs mashiteesyexmc bitatiagitinc a
different order.. WE CLAIM . 1.. A nethod for nmanufacturing a Ltilayer
sheet mat eri dMUEEET TePgatcr! Wighd MYGPHEYGRFAH O pred gdies Bt
material &hr oughid SRGRIiRE IR &Tbr \Qﬁﬁﬁl'tﬂgmﬁlhﬁ%}@ kdet AMREapheet materi al
with a mcrowave heater to expand a heat - expandabl e 5adhesi ve or coating
applied to or within the nultilayer sheet material. 2. A nethod for

manuf acturing, a nu|til.a substrat.e for packagj he process conpri sing:
bassi ng a 1t sHeat iRy PRI B, FnBRS bt fof BBy R ER et ha 11 1 ot
sheet 10nateqﬁa&$bayhﬁﬁbmg;l east two sides; corrugating the first sheet

mat eri al ; applying a first securing material to a side of the first
sheet material, tHassegafiyigheehafarigl ingoapen syl mchiassysspathe kit sheet
adhesi ve;pap ' 4 mterial to the side of the first sheet
naterial}OlSﬁ%é%ﬁ%éSY%g%?RggﬁagﬁEeggcond sheet materials with a m crowave
heater, thereby cassiupgtiigahefipantiktet hatdiaat - expandabl e adhesi ve and form ng
the multilayer substrate; _and

applying a first securing material to a side of the first sheet material, the
securing material comprising a heat-expandable adhesive;
applying a second sheet material to the side of the first sheet material;
15 heating the first and second sheet materials with a microwave heater, thereby
causing to expand the heat-expandable adhesive and forming the multilayer

substrate; and

processing the multilayer substrate into a final product.

20 3. The method of claim 2, where the first sheet material comprises paper.
4. The method of claim 2, where the second sheet material comprises paper.
5. The method of claim 2, further comprising:

25 applying a second securing material to a side of the first sheet material or to

the second sheet material;
applying a third sheet material to the first and second sheet materials;
laminating the first, second, and third sheet materials to form a second
multilayer substrate; and

30 processing the second multilayer substrate into a final product.



processing the multilayer substrate into a final product. 203. The nmethod of
claim2, where the first sheet material conprises paper. 4. The nethod of
claim 2, whene/mh®ésecond sheet materiall’conpri ses papePcTAIS2dh@4sves hod of
claim2, further conprising: 25applying a second securing naterial to a
side of the first sheet material or to the second sheet material;

applying a third sheet material to the first and second sheet materials;

| am nating the firBiemabedoticlaians, widre thesberid seairérg mhtsriilacohpiigtsa second
mul til ayer substrate; and 30processing the second multilayer substrate into
a final produegond hsafrppa bgfb hepive thy meBlod{idhes coreTis®8ond securi ng

mat erial compr i sescu R neal: GRARCARS, AUNESUS ki LA, further

conpri si ng: ayer substrate havin e second
securi ng mat expaid tho secopd hdattdxparkblrmihbewt. - expandabl e adhesive. 5 7. The
met hod of _.clainms 2 or 6, where the heat-expandabl e adhesi ves conpri se
starch orot her bi ndi ng material and heat-expandabl e m crospheres. 8. A

net hod for nenuf ackyirhfdo@oihids B3ed, wildRsthE AbA-&BAndABRKAUER s bRfrise
10pr ocess conpri si ng: assing a first sheet material into a conveyor,

machi ne syst etgreh hleothéwténdiggé@ter' et heat-chpanidalye aticrogphstest wo si des;
applying a first securing material to a side of the first sheet material;
8. A method for manufacturing a multilayer substrate for packaging, the
10 process comprising:
passing a first sheet material into a conveyor, machine system, the first sheet
material having at least two sides;
applying a first securing material to a side of the first sheet material;
applying a second sheet material to the side of the first sheet material;

15 applying a second securing material to a side of the first sheet material or to
the second sheet material, the second securing material comprising a heat-
expandable coating;

heating the first and second sheet materials with a microwave heater, thereby
causing to expand the heat-expandable coating applied thereto;

20 applying a third sheet material to the first and second sheet materials to form
the multilayer substrate; and

processing the multilayer substrate into a final product.

9. The method of claim 8, where the heat-expandable coating comprises starch

25  or other binding material and heat-expandable microspheres.

10. A method for manufacturing a monolayer sheet coated with a pattern of heat-

expandable coating comprising, at some point during passage of the sheet material

through a machine system, heating the monolayer sheet material having the pattern
30  of heat-expandable coating with a microwave heater to expand the heat-expandable

coating applied to the monolayer sheet material.



applying a second sheet material to the side of the first sheet material;
15appl ying a second securing material to a side of the first sheet materi al
or to theweesmmo®heet naterial, the secdnd securing nareriuskoiaousses sing a
heat - expandabl e coati ng; heating the first and second sheet nmaterials
with a mcrowave heater, thereby causing to expand the heat-expandabl e
coating applied thereto; 20applying a third sheet material to the first and
second sheet Imat erftalmethed dOany dffegaimi[1td, loay,er 19Ut ¢ ticanicandvphoatessi ng t he
multilayer substrate into a fipal product, 9. The pmethod of clai.m8, where
the heat - expdREREISE THARIHYPPCHIFERY LEI1CtehPRAND B BIIYIH 8f MBSTRYAYYEHES®r | al

and heat - exp ] : : I

Tonol ayer - shon Coaarey hitE RIELEEmhich the e R At e
conpri si ng, atpesbieatdb MHdor atrigdp@slgage of the sheet material through a
machi ne sgstenl heati ng the nonol ayer sheet material having the pattern
300f heat “expandabl e coating with a m crowave heater to expand the

heat - expandabl e coating applied to the nonol ayer sheet material. 11.The
met hod of any of clains 1-2, 6, 8, or 10 where the m crowave heater
conprises a planar type mcrowave heater having a plurality of m crowave
gui des surroundi ng a space through which the sheet materials pass, the

m crowave heater operable at 915 MHz or at 2.45 GHz.



