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LOW DENSITY PAPERBOARD ARTICLES

FIELD OF THE INVENTION

This application is a continuation-in-part of copending provisional
application Serial No. 60/178,214, filed January 26, 2000.

This invention relates generally to the production of articles from low
density paper and paperboard and to insulated articles made therefrom, and in

particular, relates to cups made of low density paper and paperboard.

BACKGROUND AND SUMMARY OF THE INVENTION

Insulated cups and containers are widely used for serving hot and cold
beverages and other food items. Such articles may be made from a variety of materials
including polystyrene foam, double-walled containers, and multi-layered paper-based
containers such as paperboard containers containing an outer foamed layer. Paper-
based containers are often more desirable than containers made from styrene-based
materials because paper-based materials are generally more amenable to recycling, are
biodegradable and have a surface more acceptable to printing. However, multi-layered
and multi-walled paper-based containers are relatively expensive to manufacture
compared to polystyrene foam-based articles and often do not exhibit comparable
insulative properties. Paperboard containers having an outer foam insulation layer are
generally less expensive to produce than double-walled containers, but the outer surface
is less compatible with printing.

Attempts have been made to improve certain properties of paper by
incorporating expanded as well as unexpanded microspheres within the paper. For
example, U.S. Patent No. 3,556,934 to Meyer describes production of paper products
for books, magazines, and the like wherein unexpanded micrbspheres are incorporated

into a papermaking furnish which is then formed into a web and dried. The
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fi bers and expanded m crospheres, and has a relatively |ow density ranging
fromabout 6 to about 10l b/3MSF/ m |, a relatively high ca#gggﬁ éa@?b@g from
about 24 to about 35 mil, and an internal bond strength o ?eas about
80 x 10[er ft-1bf., preferably at least 100 x 10[err rr] 1ft-1Dbf.
For applié@b%@%{ Such as cups the material is also coaté%ngﬁ%hﬁgT%r bot h
sides with a barrier coating, preferably low density polyethylene, to
limt liquid penetration into the web. The | ow density paperboard nateri al
of the invention is convertible for manufacture of containers,

particul ar | R ' ' Qperties._co r e to.higher
cost mater #ﬁ?@k@%ﬁﬁe nﬂ Elugdr(éﬂ %}n%}é g g&H[ugé ?réﬁeé"l?éﬂg §9 ha'xleérgpr ({Wﬁg s@ﬁ:lp?sg@gd of the
| ow densi t yaliefr HoWeyef)ake ‘984Spuédti R wilfo adlk 16% bals Welight pap&aice’

conpared with the surface snoot hness of 160 to Z00 SU for conventi onal
cupst ock, suitabiefor énsuleted sogtaiessmandaniime, mekesswemynticorofarie gfithegrodicht

quality. However. it has.been found that. the Jow density board exhibits
good pri nt %%F Ftai}“%ﬁ“‘nf? %g&?pﬁ'%oﬁﬁ{iﬁ’ﬁt%ﬁh%’é%g I&é‘gﬁﬁl‘(eeprpf’ 1P% ¢ BYEP O r ough
surface, b 6tkin | b | | e
e at | ve e iy RO dich BOraes pikibe flodicta do3Rtd SR P el Ges
PCT/ US01/ ORirfabBritAAinEDAsubAtive doAREEROAIRR aAlSip<aridIhEllike.D OF THE | NVENTI ON Thi s

application is a continuation-in-part of copending provisional application
Serial No. 60/178, 27xcordingly, therr, sentimies tobga: neps) fr ipaperbased materiale s

general ly . r ARl f ik cl fL:0m |l ow 5 densit aper...and
paper boar d%iaihcglr}?g e igﬁ g% F’%SP %@ vg f (ﬁ%héés‘s a%@dghl?k?&%gf gmﬁgﬁ%%ﬁ C%B@F{IPE%I ar,
rel ates tObmitKEd@s@iede%mdwéd ¥tieRPEr and paperboard. BACKGROUND AND
SUMVARY OF THE | NVENTI ON I nsul ated cups and containers are w dely used for
serl ng hot and cold 10 beverages and other food itens. Such articles may

be made fr L ety | _including polystyrene foam
doubl e- wal W%We@rwﬁl ayered paper-based containers such as
paperboard contai nefge %E@t'iﬁ‘ééﬁﬁoﬁg@%Eé&tJ%ﬁ&%n&i@Y@rgareb%@gﬁate{iﬁ%&d

containers are often re desirab an contai ner m styrene- based

mat eri al s Wednpseducarpansiiaséd domminers sakh aspspeg ensy. dhlgeneral, eheapardvhgl t 0
recycling, are 15 bi odegradabl e and have a surface nore acceptable to

printing. MalREgEsomprAcE A prpsrboard webrihatinelodes pxpredediniscespheres andastani ner s

areyq el ati ' 0 f.acture. ared.to | ystyrene fpam based
art 1|f{:I es a%%k%‘?ﬁéﬁte%gﬁ%%tf%)rely?ni;?'%??m%%%wgﬁﬁ “°R meét“%g]ee}é&r & f4Pe

Paper boar dwhihlcade s BodidicRGatty hasd BisishAAPA A S bR AbbAYED tédidut BRNET al |y
| ess expensive to produce than doubl e-walTed contal ners, but the outer

surface  1bs/3000 ft.2 (3MSF). Low density paperboard according to the invention incorporates

from about 0.25 to 10 wt.% (on a dry basis) expanded micropheres and has a relatively
low apparent density ranging from about 6.0 to about 10 1b./3MSF/mil and a relatively
20 high caliper ranging from about 24 to about 35 mil. These properties are especially
well-suited for board products used to manufacture cups, particularly cups
dimensioned to contain 16 ounces of fluid (Internal base diameter = 2 1/4 inches).
However, it is to be appreciated that low density paperboard according to the invention
may find utility in a wide range of applications and product dimensions where

25 properties of low density/ thermal insulation are desirable.
In cup applications where the product is intended to contain a liquid, it

is preferred to include on the surface of the board to contact the liquid a barrier coating
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20 is less conmpatible with printing. Attenpts have been nmade to inprove
certain properties of paper by incorporating expanded as .. as
unexpanded m crospheres within the paper. For exanple, L?%E“lhﬂ’% ezn(go?\lo.

3, 556, 934 descri bes production of paper product ks,

magazi nes,&Qﬁgﬁéﬁ{e | i ke wherein unexpanded m crospheres %?T Si%?{g%%orat ed 25
i nto a papernaking furnish which is then formed into a web and dried. The 1
25 June 2004 WD 01/54988 PCT/ US01/ 02777 m crospheres expand on drying to

pr oduce a sheet said to have inproved stiffness and caliper. However, the
- 934 patent Gmabe 8k blbcks! dsé’a?e)bfll iR the'Gda0t APRRELeRRY potvithpbhe for
I nsul at ed cont ai ner manuf acture, nakes no nention of use of "the product in
t he manuf acteoatingis prafeereddar thisgmmpedener s havi ng i nsul ative properties, and
gives no 5 teaching as to how such_a product could be prqduced sgo as to
enabl e use of the prod@&eups andicoptainess intended fon beaterelluidntibisgenerally orly s

cups and the_ ] | £ i . d _for

paper - based ne!mgt: é;sg{ya'lés%%gg\’/ﬁ% %}%k%:g\?gﬁ%é%ﬁ ﬁtgﬁ I[&g?(f(\)/&etﬂﬁﬁ}%ﬂ)%r i@%cge{l%[:} ?/\l;hi!nclz can
be produced fonchille@MARLsi(i.¢.Y&d dP@siddritks hwiat Bty t@idendtidiidasiesheafddogt es.
10 SUMVARY OF THE | NVENTI ON: The present invention is directed to a | ow

density papebdibaurdaceat erial for use in producing insulated containers such
as paper cups. In general, the paperhpard , materj.al ¢ i S a paper poard
teb that i neTudes oxpintetpepond HnBe S e Hahlioh p iRt FRregishRBEd ob o
for manuf act yh b 00 raBndity Sl BA155r 0%haA R Cup HaRuAStufe, RADSE A thdt fEh
case the boar dgpreferélgﬁy hagﬁa basi s vveIiJ]th rangi ng from abohut ﬂlf(%ﬁtcg
about 220 |dlsd BOfiGmnied s@ af BN\SHjbit droavetkemedi.¢.\avpeage oBVHD andCE) dintemgl bend he
i nvention i ncorgg{ate from about 0.25 to.10 w.% (on a drétbasi S

[

! . ) .
expanded ni cHHREYUIAt geat about H0G x| e i-lf (This mipimyprintssnal hord tegethes iing
from about 6 0. 4B L1 [V | i per
rangi ng f rony tg%lf)b&ta ﬁ%%% %rﬁg%lgﬁie ﬁ%gﬁﬁe{g_séaﬁfehg%ﬁ%ﬂ;@%@%l?ogxls'&'xgrggbgé%g%sl%g}liyg
wel | -suited édwehedihth dip@Bapek Endisifilaf £tiBROMWtRGI Wighi oS dvEaE ifscl Gbbed cups
di rensioned to contain 16 ounces of fluid (Internal base dianeter = 2 1/4
i nches). by the converting operations. Among these adverse effects are so-called “buckles”

which can appear along the height of a cup during the process of cup forming where
15 polyethylene-coated board develops small ripple-like deformations as a blank is
wrapped around a mandrel to form a cup wall.

Other factors believed to influence development of buckles during
conversion operations include the method of applying the coating onto the board and
the weight of the coating. Thus, for conventional extruded polyethylene coating

20 conditions (speed and weight) the 100 x 10*ft-Ibf minimum average internal bond is
believed necessary for proper conversion, while lowering the extrusion speed by 25
percent below the conventional speed orincreasing the coat weight in the neighborhood
of about 50 percent above the conventional weight will ordinarily allow a
corresponding reduction in the minimum average iniernal bond to about 80 x 103 ft-1bf.

25 According to one aspect of the invention, the uncoated low density board
surface has a roughness substantially higher than conventional cupstock on the

Sheffield smoothness scale which, quite surprisingly, results in comparable print
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However, it is to be appreciated that | ow density paperboard according to
the invention my find utility in a w de range of applicgéi$ eaggogroduct
di mensi ons where 25 properties of |low density/ thermal inhsulation are
desirable. ]| applications where the product is intended to contain a
l'i quid, itwo{&y?%?sefe”ed to include on the surface of tt?é:Tﬁlgsﬂ’E"?’o cont act
the liquid a barrier coating -2 25 June 2004 WO 01/ 54988 PCTI USQ /02777
suitabl e for bl ocking passage of liquid into the board. A low density

pol yet hyl ene <coating is preferred for this purpose. For cups and

coat the. sur P B fRko R GestioHy i, foP o RETE B oSt hoaRERRREMRY,  ©
and 5 for chitht @fbehlion Sisitable for ciqﬁﬁﬁkiﬁ% the uflcshtéddiffackBETR KUAEE®EXhibits a

condensation is an issue, to coat both surfaces. For paperboard according
to the i nvenShaffieldi smgothneseofiitdesntsheutcitd§U andhgy BESHI smentiness atrad below per
destined for cup nufacture, it is preferred that the board also be
formed so as?iod égaﬁf“&m“san average (i.e. average of MD and CD) i nternal

bond 1 strength of atrhl88%deAfS HoaldOf the %eﬁigﬁ iPlontrhtied mdﬁ\}gﬁﬁ&ffanal

bond together with other board properties 1s believed necessary 1 n order
t hat the boasupstoei whichsis calewsizted toyrovdde) warongathenthingsypaich histhendehsity in | ar
articles wthout si[q%ni ficant adverse effects caused. by the conyerting

oper ati ons. WEORGFTIRddd 248(MIl/mik papych lgwer selinesm &g rangecqdi Z0smil, s #h can

appear al ong Lght  of ' r ) re 15
pol yet hyl eneqségﬁ?%gkgg%‘fegy 8‘@% %Bgﬂé%aﬂﬂp& ?i&&%(’gﬁfoﬁg&g‘é]ﬁ §§rté?|=; @ﬁ?gggﬂg

bl ank is w bglieeed wacessas) for ARBEEBIE ptigt quality. Thedhlgh@dbnsit¥1bRer dalipEiHoard
believed to influence devel opnent of buckles during conversion operations
i ncl ute t he basttheefiert appicpsasipet the thermal egnductivity g the doardatict., dacecasss] ght

of the coating., Thuys, for conventional extruded pol yethyl ene coating 20
condi tions ('é’g‘él&*d‘"ﬁnd wei ght) the 100 x 10-3ft-1bf m ni num average i nternal

bond is beli eved necesagbmel Bipcbl IRCIRARKE pRIVILs d'fikttiBal MPRRIRS 4 1%,

extrusion speed by 25 percent "bel'ow the conventional spee creasi ng
t he coat wei ddisity pajtenieoané hrpbdpiai hidadle fof ushioprodRingdnadsted abmtyidetsizach as

conventional cu‘?ﬁ.i hl;[e z\rllmetlh!od ?rrlcqtilgeasrgrlogid?rllgl 2(1) \ga}?ennaking furnish containing cellulosic
15 fibers, and from about 0.25 to about 10 % by weight dry basis expandable
microspheres, preferably from about 5 to about 7 wt.%, forming a paperboard web from
the papermaking furnish on a papermaking machine, and drying and calendering the
web to an apparent density ranging from about 6.0 to about 10.0 1b/3MSF/mil, most
preferably from about 6.5 to about 10.0 1b/3MSF/mil, and a caliper of from about 24

20 to about 35 mil, most preferably from about 28 to about 35 mil.

In yet another aspect, the invention provides a method for makiﬁg an
insulated container such as a paper cup from a paperboard material. The method
includes providing a papermaking furnish containing cellulosic fibers and from about
0.25 to about 10 wt% dry basis expandable microspheres, preferably from about 5 to

25 about 7 % by weight, forming a paperboard web from the papermaking furnish on a

paper machine, and drying and calendering the web to an apparent density ranging from

about 6.0 to about 10.0 1b/3MSF/mil, preferably about 6.5 to about 10.0 1b/3MSF/mil,
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correspondi ng reduction in the mninum average internal bond to about 80 x
10-3ft-1bf. 25 According to one aspect of the invention, é?e uncogbsg | ow
density board surface has a roughness substantially highér {HER
conventional cupstock on the Sheffield snoothness scal e which uite
surprisi ng}Y??”Sr"E@ul ts in conparable print -3 25 June 20F H8I8% E4988

PCT/ US01/ 02777 quality in a flexo printing operation. Thus, for a typical

| ow density board according to the invention suitable for cupmaking, the
uncoat ed surface of the board exhibits a Sheffield snoothness of at |east

bout 300SU t 6. ' : Th
ow densi 1y “Saipd Seipd SRR T floud s iR BB o aRol A GRBpus
cupst ock Whiggif) ahSnteHaBBERT 6Tdt le@stRbOMI 806 1 (OTRIME, stkfeedbly B 18418 abcut TOG R 107 gher
density in the order of 11-12 |b/3MSF/ m |, a nuch | ower caliper in the

range of 20 °#lbf, andd Sheffickdsmenthness of asloaahovelapout 300 8K, aud tharsaftenforhing ange
of fromabouyt 160.to about 200,SU believed necessary for acceptabl rint
qual i Ly, Thitke WERHD 2 GENSIEG SIS FORF] S NIOSING HOPARSEICRHGWER RUEESt

i ncregsing ttﬁl?sihé\ﬁél[*ﬁ&nﬁﬁ%‘i‘ﬁfetéu‘ﬂty of the board (i.e., decreased

I nsul ation). In another aspect, "the invention provides a nethod for nmaking
a low density paper bParetbomed evebalmade Acbtding 0o thes mvientipn eghibitnigeieasad at ed
contai ners such as cups. The nethod includes_ providing a papernaking

fum sh cont Anssattyedquppastiessomnased fo,eprventiprpl singhs Rlygapethoarl websiprdiare10 %

by wei ght dr, ' a - ' re ferably .fromabout 5 to
about 7 wt. ¢ qgn %ﬁﬁg&é p %g%rlg%5@‘8%&%%8Eﬁ%nmaugtﬁia%sgeg&ﬁmo@“ P[ﬂ?i?fFéhoron a
paper meki ng pap&Bbad prédifdtsiantaiting AdosReEHEIEF éddlink NThe WP dbMitghapdBasAN
density ranging fromabout 6.0 to about 10.0 | b/3MSF/ m |, npoSt "~ preferably

fromlfibout @nBerial may dherefor® be oBNBEdinte cupsl and aheérpiesulated foontaimdrowh 24

20 to about 35 m), nost preferably from about 28 to about 35 |.. In yet
anot her as pé:BP‘,’e“Pﬁﬁalipﬁ?/"&ﬁgp%ﬁqlﬂP tyath imaHgss p grachingsprp dadnd 4 redyned: ed
contai ner s . : ' The. net hod

I ncl udes pr gﬁz{g | gﬁaﬂgg%gfﬂggﬁ%%&r# gﬁ%‘gﬁ?@ﬁh?ﬁ%‘%ﬁ %?poezi&z: i bers and

fromabout 0.25 to ahdey fédduretofdist iyvirainds thenrs dlbintaiste afplssiRses in
preferably fﬂzeogli&?r%g{dng i%n(')nish and a resuiting reIafiver low density/high caliper board
15 containing the expanded spheres. Although the presence of microspheres in the
papermaking furnish had been thought to adversely effect physical properties of the

resulting materials for certain end use applications, it has now been found that by

producing the materials according to the invention, the resulting board may be readily

converted into containers such as insulated cups. Without desiring to be bound by

20 theory, it is believed that suitable insulative paperboard products having strength
properties required for cup converting operations may be produced by significantly

increasing the caliper of the material and decreasing the density (compared to

conventional board products) while maintaining a relatively high internal bond.

25 BRIEF DESCRIPTION OF THE DRAWINGS
The above and other aspects and advantages of the invention will become

further apparent by reference to the following detailed description of preferred
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25 about 7 % by weight, form ng a paperboard web from the paper nmaki ng
furnish on a paper nmachine, and drying and cal enderi ng t?sl\gﬁ_ﬁet?o@@
apparent density ranging from about 6.0 to about 10.0 Ib mr,
preferably_about 6.5 to about 10.0 I b/3MSF/ m |, 4 25 June_ 2004 W) 01/54988
PCT/ US01/ O%¥9 77" 2¥% al i per ranging from about 24 to about %%T"ﬁoll’,"”ﬁ’r ef erably
from about 28 to about 35 ml, an internal bond of at |east about 80 x
10-1 ft-1bf, preferably at |east about 100 x 10- 3 ft-Ibf, and a Sheffield
snoot hness of at or above about 300 SU, and thereafter form ng the web
into a contal .S\ Pl i } . .| east
for 5 the o RERFRS SAfeadtRRiod il ditionh il B AEBPHRTRE SRR 10T
t he i nventi owhielhi bit increased insulative properties conpared to
conventional single pl ¥@paper board webs and are significantly |ess

expensi ve to produce FHanl wiieh isjagraphigalapresantation grwallibeat fx vepmsdhdoar d
products containing..a foaned out.er ing. T | w density paperboard 10
mat eri al nayar{“fﬁ“eqt8?8?13ao%lpccgﬁggiufl%&gﬁﬁ::%a%ﬁﬁ@hlg%}beq@{t her insulated
contaisners on convenkignal a Bla@FANHhHGviRAh PRRPEctVelIF al At d ppibdald

machi ne speed, and a reduced tendency to form buckles and ot he

i rregul arit i@y made dveoxdimg/rthe imyenppar;at i ons. A key feature of the invention

is the use of expandahle m crospheres in. the papernmaking furnish and a
resulting relatively P&ﬁv3d€r?s?rf’§§’$ﬁ"5ﬂ“¥é‘l‘?‘ﬁé’f Akl portips of sriaperhoaty ewe
expanded sp : sence of mcrospheres in the papernaking
furni sh had éﬁa%cﬁ%%%t&pgﬁa \r}g{){g’ely ef fect physical properties of the
resulting materials f®ig. de3d @oss-sRtlontd ©icdpld cwahéwiva betvieehadottom poegsh f ound
that by producing the materials according to the invention, the resulting
boar d0may bear\deaaﬂgfryali@@ﬁmrqf@cpwprﬂp@ordmtaithmmyemarasé i nsul at ed cups.

W thout desiring to b%.bgmd by 20 th%%[)(( it.ls beI.ieve]i t hat sritable

i nsul ative paper boar d”r odffct SFEITEHIPR VisThOf @ 19PAIL, VAR POFIQLOF &dRor cup
converting oRGHRlALBILERWeRGoPr 0duced by significantly increasing the
caliper of the material and decreasing the density (conpared to
conventional board products) while maintaining a relatively high internal

bond. 25 BRI I THE._DRAW NGS The above and ot her aspects and
advant ages JPEPALLEPORCBH TON OB ARRERRED EMBODR AT s

15 Insulated containers such as cups are widely used for dispensing hot and

cold beverages. Paperboard webs coated with an insulating layer often provide
acceptable insulative properties, however, the outer layer is usually a foamed
thermoplastic polymeric layer which raises the cost and is difficult to print. Corrugated
and double-walled paperboard containers also generally provide suitable insulative

20 properties, but are more complex and expensive to manufacture than single ply
containers. Until now, it has been difficult to produce an economical insulated
container made substantially of paperboard which has the required strength for
convertibility, exhibits insulative properties, and contains a surface which is receptive
to printing.

25 The invention provides an improved low density paperboard material
having insulative properties suitable for hot and cold beverage containers, and which

has the strength properties necessary for conversion to cups in a cup forming operation.
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further apparent by reference to the follow ng detailed description of
preferred -5 25 June 2004 WO 01/54988 PCTI USQ /02777 enbo?%q?nts %@8@
considered in conjunction with the acconpanyi ng draw ngs 1 WFch" " FIG |
which is a graphical representation of wall heat flux versus the anmount of
time a cup® SHEQ?%ing 190F water can be held; 5 Fig. 2 i®$TAS8V %3 ammuatic
view i n perspective of an insul ated paperboard cup nmade according to the
invention; Fig. 3 is a cross-sectional view of a wall portion of a
paperboard cup nade according to the invention; Fig. 4 is a

Cross-secti (VA . |, QF . | . a
ol Ge var 1 panBiion!ehsty pihEIRE i 1EWRE b PRl dOEh Bbbiniine Rl
cross-sect i oagthinitigoWardivoad Lfitierd, | Softerlol i, &iNa @bmbititin FCleRERb6d ah@ t he
i nventi on. DETAI LED DESCRI PTI ON OF PREFERRED EMBODI MENTS: 15 I nsul ated

cont ai ners SeféwoedfikarpsA prefemedipipermslang fumishicopleimsifrogn abaut 86 do alxwit 80
beverages. Paperhoard s.caated w an insulating |ayer often provide
nccentabi e PROES, Veelliy ik heSwiog dvef and Femahodia EyBuc ket Y o
f oanme the;ﬁ% b &iRQReRal ayer which raises the cost and is

di ffigul t to pri gﬁb%éd}?ugat géﬁ)etind doubl e-wal | ed paperboard contai ners

al so general |y provi dreferatiylihe fibas urafionebl2fiched hpeivwicdsandssiftwaicd kb e
conpl ex and expensi ve to nmanufacture than si n%@(&lt%p containers. Until

now it hasPBFeri i Prhigheeo cenais e USSR Gnka! 10metieat Y Are Biie ner
conver t1 b1 | RS Uil PRGOS, U3 ah dBeA BRI Sl MER T dpioBly,

convertibili ertres, ai ns

which is regephick@phéres &_Kmﬁmsierfﬁ)m dbout 320 kbR TipefRniXyoNEightofake fupisipyed | ow
density paperboard naterial having insulative prggert ies suitable for hot
and ¢@l d bewdrubasis SHbericnaventionaldmaikrigls su¢hass starehstillesn giding ehepeicals and

necessary f gtrrenc ne%%g%o??m%r% xr?a%lpaisoi l?e i%cl%HQd {notflp pgl%rr%gl%;lgtfﬁrgﬂ;h Among the

fillers that may be used are organic and inorganic pigments such as, by the way of

example only, polymeric particles such as polystyrene latexes and
polymethylmethacrylate, and minerais such as calcium carbonate, kaolin, and talc.

15 The production of paper containing expandable microspheres is generally
described, for exampile, in U.S. Patent No. 3,556,934 to Meyer, the disclosure of which

is incorpérated by reference as if fully set forth herein. Suitable expandable
microspheres include synthetic resinous particles having a generally spherical liquid-
containing center. The resinous particles may be made from methyl methacrylate,

20 methyl methacrylate, ortho-chlorostyrene, polyortho-chlorostyrene, polyvinylbenzyl
chloride, acrylonitrile, vinylidene chioride, para-tert-butyl styrene, vinyl acetate, butyl

acrylate, styrene, methacrylic acid, vinylbenzyl chloride and combinations of two or

more of the foregoing. Preferred resinous particles comprise a polymer containing

from about 65 to about 90 percent by weight vinylidene chloride, preferably from about

25 65 to about 75 percent by weight vinylidene chloride, and from about 35 to about 10
percent by weight acrylonitrile, preferably from about 25 to about 35 percent by weight

acrylonitrile.



6 25 June 2004 WD 01/54988 PCT/ US01/ 02777 The | ow density paperboard
material is nade by providing a papermaking furnish contg%n&nltgeh%g od
fibers, softwood fibers, or a combination of hardwood and sof twood Ti bers.
A preferred papermaki ng furnish contains from about 60 tg t..80 percent
by wei ght PY¥2% s har dwood fiber and from about O topﬁaﬁﬁﬂ%ﬂpercent by
5 weight dry basis softwood fiber. Preferably, the fibers are from bl eached
har dwood and softwood kraft pulp. The furnish also contains from about
0.25 to about 10 percent by dry weight basis expandabl e m crospheres,
preferably in an une o5, ably . '

conpri se from about W&gﬁ%&ﬁf%%ﬁ&ceh‘ﬁ%@&% TRt mgygé}ﬁ%%%{fﬁggﬁe%ﬁalo a
dry basis. @dnfihg 6@ WHidhOb ateféfablyr hatlaSobuahfor hedodyrfibs rebinl lAepaticahaty N9
chem cal s and strengthening polymers may al so be included in the

paper maki ngpfeferrsdsiramingnggntinsobitane whichmirytberpagseptinas emogntrangiggdiam and

i norgani c pi S syc b he f, exanple only, .pol yner.ic

par t el e SuoT0 tpabodF3naerhy by el el e FERPR PadRiet: nEOmeRlng opq
mneral s SUghyRSabRl f R GAEDRRHdn abBal B0 1B Aopec iy FBUPLOAME GEON Of
paper contal ning expandabl e"m crospheres 1s generally escribed, Tor
exanpl e, i npipetimakiapendchixe, thd réshfous Pdrtickes kieyakl, to tldéantbtaatnging ronf abouch i s

i ncorporated by reference as if fully set forth herein. Suitable expandabl e
ni cr ospher e8-5tAAPAFSOTHIHEMSt i ¢ resi nous particles having a general |y

spheri cal 1iquid- contglphig,f epariftSn [SkNB WleRBInE SR e TRY pPiiRde
fromnet hyl nethacrylate, net’hacryl afe, orthRo-c BF oS yrene,
pol yort ho- chh®pAFEMEEIRE pravRbsey iy Hearzy ko foil gpefifdard®ield S0 the lf@mish.

vinylidene chloride, para-tert-butyl styrene, vinyl acetate, butyl

acryl@t e, sHewener, onglehaice ofitheinyentihn i thaythi dow densettiveabicostaiming expapidedit i ons
of two or nore qf the F?Frﬁ)gﬁi ng. Pr.ef erred resinous .Barti.cl es conlprise a
pol ymer confHFTRPRFresHs RifeRay, progicadn Sych amansenas 10 SXRIOH 3 THBIT 2V6148¢ | dene
chloride, p : toriY VR

vi nyl i dene b %Igé?'ﬁ’lgu (%\{]egdger%g%ﬁa%ioﬁuit. 1@3%&%&?@%6&13%@6%%{5@%1@ %%\Eé\fe%ﬁ‘tl

acryl oni tri Hensitgranticinedehsedf catiperainoretatidh th coabantionabpgpertaarnd uksd tveinglhé

acrylonitrile. 7 ) ] ) .
insulative containers such as paper cups. To this end, those of ordinary skill are aware

15 of various measures that alone or in combination may be taken to increase the internal
bonding strength properties of paperboard webs for a given basis weight. These
include, but are not limited to, increasing the addition of wet and/or dry strength agents
such as melamine formaldehyde, polyamine-epichlorohydrine, and polyamide-
epichlorohydrine for wet strength and dry strength agents such as starch, gums, and

20 polyacrylamides for dry strength in the furnish, increasing the refining of the pulp, and
increased pressing of the wet web in the press section of the papermachine. In addition
to improving internal bond, increased wet pressing also reduces the moisture in the web
and allows the paperbeard to be dried at a faster speed than otherwise possible.

According to the invention, it is preferred that measures be taken

25 sufficient to maintain a minium average internal bond of at least about 100 x 10 - ft-Ibf,

These measures are preferred, at least in regard to cupstock carrying a conventional

weight of barrier coating applied in a conventional manner on one or both of its
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25 June 2004 WD 01154988 PCT/ US01/ 02777 The center of the expandabl e
m crospheres may include a volatile fluid foam ng agent %’@'i\?"ﬂnésm 4
preferably not a solvent for the polymer resin. A particularly "preferred

foam ng a LS.d Sobut ane which may be present in an a ing from
about 10 ?‘gaég%‘%# 25 percent by wei ght of the resinous ;r)%iﬁsg{@g%l Upon
heating to a 5 tenperature in the range of from about 800 to about 190'C in

the dryer unit of papermaki ng machine, the resinous particles expand to a
di ameter ranging fromabout 0.5 to about 50 microns. Conventional pulp

preparation S(ﬁ:% i p_&m'] f:1 ni ?‘ﬂﬂ | | ng
processes nmay géﬁijseg e?gg or mﬂl%g{ﬁ@rlg%g% b?/ve S eb?@n%!l %)ﬁge)rfa’ Il?ra%?ss:ﬁ‘.ﬂ }i

However, onehé Bedvitrevedght bingiet Sttt Spplied at thainiddle-ubpay efl@BSile X obdhtional

cont ai ni ng ex%anded m crospheres Is preferably produced in such a nanner as

to exhi bit &-tod.Frinid ranes efgeatingthicknesses drnd example 21 bamier cptiggdhivknasseser nal
bond) in conjunctio Lth its. decreased, . .densi.t | ncr al.i per in
el at i on ¢ o AP8HE Rt o i BB aRRER HoB s el St IR RlirRd, <

such &s papeyffdi@s. for Qcéebtablee%vcﬁth@xqrﬂfnn%é& NAYYG, SéduktioR i iRV BliRisibn Of

vari ous measures that alone or in conbination may be taken to increase the
i nternal  bgwo¢essing speeddn theprdepef abhoms 2D perpap eibasrdnxatibs of the irdegaliamdbasi s
wei ght. These .include, but are not limted to, increasing the addition of

wet and/ or JPYUERREH, I aboyh tersamedniimyd Ie¥ala i ne f or mal dehyde,
v . i ohl or ohvdt i as. s e ap! . .
pol yam ne- epi chl oro y%értogl‘ﬁ thé‘{’%écﬂlgua\éuﬁfﬂagﬁes ﬁpin‘é@a%&g?é%hgﬁﬁ%r%l ¥5ild, it

strength and dry stre agen as starc

pol yacryl amiglseféoed € ¥ccohiptishithe desicdeinéresei Bhincreagingake neriding thepulpi ng of
the pulp, and increased pressing of the wet web in the press section of

t he Pg8per madhmsh, inereasing theolevelt of intasnal\atargh iand dryi strength dditives.cths adetwet

i I d th i st inth b || t h bgard t
e ari oq at PRebie g e i Vet s petabingana BPE Seipg aper igdifEd” 1
i nvention, ihcredsitd tahloRHt 4 iBlrcHRRAP S ESmeriAR kEMiedds tRiutfa6d 6fhe gg%er
mai ntain a mniumaverage internal bond of at |east about 100 x 10-

ft-1bf. Theseb avasdons foramample hbtheaikepeess.| east in regard to cupstock
carrying a conventional ., weight of barrier coating applied in a

conventional nanner ohD&iRElusionwEexpandalle migrosphenssipthspapermaking furnish in
15 an unexpanded state has the effect of lowering the apparent density of the resulting

dried board. However, it has been found that reducing the density of paperboard by
inclusion of expanded microspheres adversely affects the convertibility of the board
into cups and other containers. In accordance with the invention, it has been
determined that low density paperboard products containing expanded micropheres
20 produced in a relatively narrow range of densities and calipers in conjunction with the
above-mentioned increased internal bond provides the physical properties necessary for
processability in various converting operations. Such boards exhibit significantly
improved insulation performance compared to conventional cupstock and double-
walled containers and provide insulative properties comparable to containers having
25 a foamed outer layer at a much lower cost. For example, low density board according
to the invention has been observed to exhibit an R value in the neighborhood of 0.0752

ft>-°F-hrs/btu compared to an R value in the order of about 0.03 f>-°F-hzs/btu for
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WD 01/ 54988 PCT/ US01/ 02777 surfaces. However, the m ninuminternal bond
strength may be rel axed sonewhat for the heavier weight ?gr%&lgé ﬁ?@ﬁi ngs
applied at the m ddl e-upper end of the conventional 0.5 to 3.5 mIl range
of coating thicknesses. For exanple, at barrier coating thicknesses above
about 1.5 WPMA#%i ni num i nternal bond of about 80 x 10- FFHUFEPEs pel i eved
5 sufficient for acceptable converting performance. Al so, reduction in the
extrusion processing speed in the order of about 25 percent all ows

rel axation of the internal bond requirenent to about the sane m ni num

R e S R R S P R

refining theualyPand&hétddRastiged Ncreasing the |level of internal starch and
dry strength additives, the wet pressing of the wet web during papernmaking
to a |l evel bel ow sheethus;inskcerdancewith oneembadimentiofithednnention,afpaperdoatd and

ot'her materials appl.ied to the surface of t.h r .wep as i s done, for
ool o ot ebceoaBuinE EeendiHlE TRt gH eBl R prihe SRpETEEing, t e
paper gaki ng | ' HGAR fof : ring
t he aggar entnfl%?a'lnmsﬁst ?f}h 0 P atl-ﬁga?%sul t ﬁggﬁ%ﬁée%hgggﬁgaﬁﬁ\}\g\%ﬁsw%ﬁ/ élgae%een
found that raechlipenin theeordemsf frymodbopa2dribabodt By mil.nAsuddsoribeal alexpaticed

m crospheres adversely affects the convertibility of the board into_cups
and ot her cdaptiingeeb coptaining cypanded nicrosphercs Anterprised aprongdhe Hibsps is

det ermined th densi ¢ t ai:ni
i or ophor es PaerPRipERc foR AORIB BRI Al A0 B Y Q%S e
cal i pers in e&RAikitaRGYEraBe MtdrhalbBRd ol P48t AFR0E 8000 B0 f-IHTTSARGKE heiRf dbatedoond

provi des the physical properties necessary for processability i'n various
convdbti ng dwerddli.-eonabovesbott hdmibigp texthé miaxinging of dhah ddimil) andpt lsest dbout

cont ai ner s 308 pIGOFE Rt b Nehp GrarL Boug (b TROd CatbdrBin
o8 75 2 AR s Shunclinlb et Sy B SEBIEAbY |
val ue in t heustdghberangd obfif ithibihem| havifg bii Rtérinn] woomdpeledaticnt 80 xR0¥al ue
bCT! LG0L) 05 AbE, 18 Aot believed to be suiiabic for use in forming commercially insulated cupe. -

15 The upper bound for the caliper is selected to provide paperboard webs which may be
converted into cups. on existing cup-making equipment with only minor or no
modifications to the machines.

In terms of other physical properties needed for cup manufacture, low
density paperboard webs according to the invention also preferably have a minimum

20 tenstle strength as determined by Tappi Standard Test T of about 30 1bf/in, a minimum
value for the average CD stretch of the substrate as determined by Tappi Standard Test
T494 of about 3.3 percent.

It is an additional feature of the invention that the low density board has
a roughness of at least about 300 on the Sheffield smoothness scale, while exhibiting
25 comparable print quality in a flexo printing operation. The printability of the board is

quite unexpected since conventional board such as cupstock is ordinarily calendered

down to a caliper of about 20 mil in order to achieve a surface smoothness (uncoated)
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conventional cupstock, all the while exhibiting good convertibility
properties, print quality, and other advantages. Thus, i?s@f&&édﬁﬁﬁ wth
one enbodi nent of the invention, apaperboard web contai ning expandabl e

m crospheres is dried and cal endared on the papermaking 5 machine to an
appar ent JER8144988 angi ng from about 6.0 to about 10.0 | BEUSEVHT” and a
caliper in the order of fromabout 24 to about 35 ml|. As described above,
the resulting web containing expanded m crospheres interspersed anong the
fibers is preferably produced froma pulp and/or furnish treated in order

to cause th o]l inter f at_least .abqut 80
<103 7t-| pEeRSR S 4R O0Eh b BOnEHELR0G S BRr 20080t ¥ mrpBRRnaBRAT | O
to the maxi gmdoMinessineikceds 20Ub) S @eﬁéveUQ@aéssagqui accé@ﬁbm pHat qudlity] bf for
average for lightly coated board (i.e., fromabout 0.5 to 1.5 m|t§.

Paper boar d web cont ai Husginsglsaderang the beard phihedsveatidn Hewn tap cdipst tangingand
calipers outside thes anges Lo i thin the ving an, Jj nternal bond
bel ow about %@6‘9&@@30“&{@ ,Ou'fgWﬂ)lt(fpb%df’riagb'e%mpél%‘ét%ﬁot%w&#‘G‘Fﬁﬁg‘gai n
form ng co ' | J1%m lner is
sel ectged t?ﬁ%ﬁgyﬁﬁgggﬁga%?ﬁ?% m?%ﬁr@ggﬁéﬁeﬁ?umﬁgsg{%@ on
exi sting cuporbSMEF/adl)ilpavimg awelativelnlrpugh mafacerhaning ar8héffiekbsmonthnése t he
machi nes. In terns_of other Physical properties needed for cup manufacture,

| ow densi t uEApEah u lée&%igﬁfvrr(grcg@arﬂhémmb@ﬁt3%0&13@1& 3§P§f18(rjaam y
o SI 1 . MAUAIA i T
S oar’ So Mg HF b S GR £3 kB KA RetARR bR Befhd

of about 30 he™average

substrate as figheofphatbllity bepPindiRdahdliniemtion 1484 284 caeibifiSoP@ECent .

It is an additional feature of the invention that the | ow density board has
a r olighness botrdafor| aps maniaoiurg 0 OWighouthkeigh dofiné by theont, Hinés belioabdethewhi | e

cx b 1 19 ohSOE AR BoRE bt B b SRt BREY b, T,
e P O AN G il per o oot 201 1
01/ 54988 PCT/ US01/ 027AY ngpeionad bieviouslyh doarddmadehedordimgatoothit invention igbout
200 SU (fro g]sp%c%@_‘,\(fe?}l.fquﬁ rfc?rdmakimc,r cups that require good thermal insulation properties.
15 Such cups are ordinarily made with cupstock that includes a barrier coating on one or
both sides. Cups designed for hot beverages such as coffees, soups, and other heated
material generally require a coating only on the inside surface, so cupstock according
to the invention for making these products may be barrier-coated only on one side, with
the other side often carrying printing indicia/ designs applied directly to its surface. In
20 the assembled cup, the coated side is arranged interiorly.
Cups designed for cold beverages are ordinarily made from cupstock
coated on both sides and any printing is applied to one of the coating layers.
Accordingly, cupstock according to the invention for making these products may be
barrier-coated on both sides, with the non-printed side arranged interiorly. In cups
25 carrying chilled beverages, the exterior barrier coating helps prevent any condensation

forming on the outside from penetrating and possibly weakening the board substrate.

Any suitable barrier coating may be used to complete the product for
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snmoot hness in excess of 400 SU) believed necessary for acceptable print
quality. Thus, in calendering the board of the invention QQM@uﬁg'goggliper
ranging fromonly about 24 to about 35 m| (preferably from about 28 to
about 35 ml) and a .5 density of fromabout 6.0 to about 10 |b/3MSF/ mi |
(pr ef er abl YO8 ¥8bout 6.5 to about 10 I b/3VBF/ mil) | ea TR at i vel y
rough surface having a Sheffield snoothness (uncoated) of about 300 SU or
hi gher (ordinarily from about 320 to about 350 SU) and a PPS 10 snoot hness
| ess than about 6.5 m crons, a surprising bonus effect is observed in

terms of pri I 4ty Qver t | tion. val n .
converti bil i({%}@gﬂfs lokxﬁétol%ﬁgggélg/ ﬁg@\é%g 6: Bﬁ%@ glé‘tehuésgcw t’ﬁ@b%gg‘éf)ﬁ'dieﬁ}%d by
theory, it ipolf@hylenesbatihgs ar_@hké&i%?hia\%}fu&fprbb&t@ﬂﬁf@e pefarrdd foPuicAlige t O
its relatively high conpressibility, ich  enabl es i nproved perfornmance on
fl exo pri ntiingeniwohnatarl and syntheticoshsthigal systows Isych asostandh+basks! eratiogdandy t o

the invention,is e cially well-suited for makin ups that requi,re good
her mal 1 ns ey RFaDesd CoatingS giitaes, 36 RS o0 el pegehisdc v
cupst gek t halonthGh ; W=TE | p&% '

desi gned for rrllot bg\q}grﬁ %\%é‘gaé%%%ﬁlgg)@%@%%gﬂ agg% ’(s)"faran &6?1?1%%?%5%230%

mat eri al genmrthdy provide i ffeiant bariet ogothat propertiehifor ithesintbh dédiipplizatiors OThe
cupstock accordin to the invention for nmaking these products nay be
barri er - coat ©atiBgF)manbespplied §x conyentionalfecaps.iiad insthg sassraf palyethylspemeay

Nt S i Al ; : . . ¢ o 20 1 h
eserbl ad cus wpiet GOy AR FrGhiBRbYY oh Srlib A ot Be PRl or
col d bever agegredofiméd HinlaThé thidlaRss Hf @B oML REY gef@A P Fhngh HOf Mbotk @&s and
any printing 1s applied to one of the coating layers. ~ Accordingly,

cupstléck accomtpeic.§ mik ped isppreferabnaticnt 1 /Serkil iy thérimsisle sudakecifsheregntiirer
barrier-coated on goéh gi dﬁs, wWth th non-.gri nt.ed side arranged
interiorly. TFURdpE abent lmpilyrheg used P the PUSILS SIFECE. ( he exterior barrier
coating hel ps prevent aan t 1101 n [ f
penetrating and possi ﬁﬁ%yy\ﬁggﬂgﬁir%g %ﬁ%c%ggr%gefskgﬁgt &Jg{‘?eﬂéiﬁﬁ'gggrgi %Ig)b (ét
barri er coatdcoordingytoltiee insarttidnga ewpemsity phperbpard ehatéridl eomprisds a paperboag 2004
WO 01/ 54988 PCT/ USQ [ 02777 conversion into a thermally insul ated contai ner
such as a cufeb Ahigibinpindes gxgandsd; picrpsphgess ndehas awapparget densitysefd7 Oor

many such pradeGicreaAnd, £68idak SF 98 H8P ShofictF SmbOhhS of at least 300 SU, PPS10

smoothness of 6.5 microns or less, tensile strength (cross direction) of 30 Ibf/in, and an

internal bond (cross-direction) of 90 x 10-*{/Ibf/mil. This board has a basis weight of

2001b/ 30001t and the microspheres constitute 5 to 6 wt.% dry basis of the web. A low

density polyethylene is extrusion laminated to one or both sides of the web in a

20 thickness of about 1.5 mil. Theresulting low density paperboard material is convertible

into cups without significant problems and exhibits and R value in the order of 0.07 fi2-
°F-hrs/btu.

Again, it is to be appreciated that low density board according to the

invention may be used to make a range of potential products including, but not limited

25 to, cups and other paperboard containers formed to hold warm, hot, or cold material

where there is a need for insulation and at least short-term barrier properties. Also,

when used to make cups (a primary intended application), the bottom section is
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I nvention, natural and synthetic chem cal systens such as starch-based
coatings and polyvinyl alcohol-based coatings may al so bgsused.agsomel! | as
pi gnented coatings 5 containing inorganic or organic pignents such as clay,
carbonate, and | atexes, so long as they provide sufficient barrier or

ot her prop®P®/¥88 or the intended application. The coattiTEY % Hy be
applied by conventional neans, and in the case of polyethylene my be
applied to the | ow density board surface by an extrusion |am nation or by

| am nating a pre-forned film The thickness of the coating rmay generally

range from 5410 ' ' b A M|
on the insi gig’%g%l} gc%&oﬁebgrﬁgebg%‘% %P?E;éﬁi}l 8? %pﬁ(gtnlgg g{)rg{?? #g%?ﬁwvﬁ%l#@s ed on
t he out si de jsdhlfted Boardsnatlle 2BEGHIngGo MnSEMEsH, dbpehdRfediLédoRemi@VandeiBért ¥
board product according to the invention, a | ow density paperboard

mat eri al corfpetorses a paperboard web which includes expanded nicrospheres

and has an apparent depsity,of, 7.0 15.1bs/3000ft2/m | . a caliper aof 28 ml,
Aot o o D o < (B ToBRing Bt if A SPPEORGAI TR Hhif ¢ SIS HORler ons

bond {or ose Ta VL RgHAty (0GR R IRRbIR tf b dohl) o flifo dRngclrer 1
wei ght of  2o8idvalipéieOBtcauseidsilhied bbard asgirdingso the iivtehtiot maP be thickenthato dry

basis of the web. A low density polyethylene is extrusion |amnated to one
or both si detngdard; pepsigek (far & giyep Hhasienwsighps thgyduereased ealiper MY £a6I ti ng

e AR AR Sl SRR L5y PR, BB b
F-hrs/btu. Ag@infion intay o dsed BeadRRtRe iR tede kitadtione'W dﬁ?&éihg alatich acger di ng
to the invention may be used to make a range of pog’en i al ~products

} ncl dgi ng, hlylagerhoardnge;ietaéldaﬁarhaTygnghﬁpscgmdf%nhwawﬁntbugcldh@mrgssms

orned to war or cold.materi ere there is, a nee r

| oulati on SAPrRTRREL F0URE P SERER, BICh Al PRERERHY SETPEPIBE PORRAT Beed ¢ o
make cups ( 'em?nﬁa)hgé | 1000, i bottom section is -12 25
June 2004 ngldl 5498 ggﬁ%@%ﬁ@%%@\%ﬁ%ﬁ@&: flat separate piece and may
or may not be fornmed Anexarhplwigthasidtseam ofaphekagd obag. A tarivendmeinfmbigly t o

the invention, dependi ng on econom cs and other  factors.
the insulated board of the invention may have a significantly higher caliper than a

15 standard board, creating a sideseam which may be too thick for some conventional
converting applications. By exposing the side seam portion of the blank or the formed
carton to high pressures, the thickness may be reduced to at or near conventional board
caliper levels (generally about 20 mil). This processing step is generally referred to in
the art as “crimping” and may be considered a pretreatment of the finished low density

20 board (i.e., board that has been coated) to facilitate its use in forming cups and other
paperboard containers having one or more iap seams.

The same sort of crimping operation may be performed on the portion of
the blank to be used to make the rim of a cup or tub type of container to reduce the final
rim thickness. This has the advantage of improving aesthetic appearances with a

25 smaller diameter rim or allowing use of existing lids on a cup or tub container made of

insulated board. The rim consists of an edge of the package being rolled into a

cylinder. This is typically a 360 degree wrap of the board.

-13-



Also, in formng cups it is a commercial reality that sonme conventional 5
packagi ng machinery is designed to accommodate the use of,9nkyn8 HaHkow
range of board calipers. Because insul ated board according to the I nvention
may be thicker than standard cupstock (for a given basis weight), the

i ncreased WP may cause nmanufacturing i ssues potentPEIUSHIABAUI ri ng new
or nodified tooling. The present invention may to used to advantage in

t hese situations by exposing a portion of the 10 paperboard (generally
after having been cut to forma blank) to relatively high pressures

(approxi mately 200 psi,.or at er which w Il permapently conpress the
portion of the boardhdffﬂﬁai ”?Ontgflfba © pegyng Bb?r;a@ﬁf”i@ﬂ@lﬁeprﬁguy An

exanple is t ji packa r . i i ight the
Thoul at ed bogr ReASEERATboI RAGRKEIMY fof  fonyehuiBndl U HaNRRL B iidess
than a 15 stheridedidmetea(tte diarendriof thexylindaseantalen bh tiigxl16e-ovadarhdfake f or

sonme conventional converting applications. By exposing the side seam
portion of tHanhihahforgs theant epcissling cand: forming the Gep pdge) dsipwtinarilyabouti Tkness

be red i onal d . cal | | evel |
TRy 0% eOcilel e BbaPlealR! 1PARISH bR osIROA s BRI Lo B e IRBSL X,
"crinping” ahe dEmetherehn Sy il thay dNoBd RELCENITHR porfiéh bf RE DGR hAWHENSI tY

20 board (i.e., board that has been coated) to facilitate its use In
form ng cupsformdherimanay pepdmpeditockedaset its antirs diametangorinmap be rrimpeti aritls eans.

The sane sort_of cpinpj oper at.i.on, erformed on the portion of the
bl ank to be %%Célﬁsng%u%%f:?%sr\%}ﬁlb?\’llﬁ?%d%?gﬁ‘mpag. type of container to
reduce the final rimphhi ; T%daﬁ%‘,t | '

aest heti c appearances w téﬁhg %lplsnga}}? er a'rﬂéf’{ ggggé“rﬁagrgsgief%%@éﬁs Yof

exi stli0ng | i dse formedeo pedce their ®enilbhivknessade of insul ated board. The rim

consi sts of an edge of the package being rolled into a cylinder. This is
typically a 360 degr eEustheggspscts; pdvapisgesand fegures of theénvzeotian may be s&ndgs

PCT/ US01/ 027 L5 3l ot ed that i ni ' i nder
i aneter 1 5 Vopoib RoPhaRe b ARui Pl g eF R RhiEs he hRrboR it
convent i onala CDPEGvathSNal ikaBtdPfoRREES side RSl 'biﬁde&t“?e&Ing‘;gﬁCﬁ;g{ﬁ%"? of

the cylinder formtaken by the rolled-over part of r ms
t he ri m encimashing thmehpsdraningp sidewalbpeamigh) thestables]ithabasiy webghttis 3f the

15 paperboard itself without the polyethylene coating, which ordinarily adds in the

neighborhood of about an additional 5 to 20 percent to the overall weight of the
paperboard when, for example, LDPE material is extrusion laminated to one surface

of the board at about 1.5 mil thickness.

20

Example 1

In the following example, samples of low density board containing
microspheres were produced. and compared to a sample marked “control” which
contained no microspheres. Expandable microspheres used in the furnish are available

25 from Expancel, Inc. of Duluth, Georgia of under the trade name EXPANCEL. The
targeted caliper for the samples was 19 mil to simulate conventional cupstock calipers.

After producing the boards, they were taken off-machine to an extruder and extrusion
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5 tinmes the board caliper. If the top portion of the rimis crinped to
reduce the caliper, the dianmeter of rimcylinder may al sgshe,redsggssd. The
portion of the blank that will formthe rimmy be crinped to reduce its
entire dianete or it my be crinped with a series of parallel scopes
which wi |1V ﬁﬁé%@ﬁornation. The sane crinping technol og cﬁﬁ?“W@Tgpplied to
sideseans after they 10 are forned to reduce their overall thickness.

Furt her aspects, advantages and features of the invention may be seen by
way of the following non-limting exanples. In these exanples, the
paperboard with a LDPE coating was used to formthe sidewall blank for the

cups on a cépatadryithglovhdernsity @oletiylenspat seale af 14 b/ GBI presdde abarridre

t abl es, the basi Lght, i f t 15 b d.itself.with th

ol yet hyl ongRiE phgne dide i Blect Hiskies” BEAEST il ARt ibommBlss <OFatbout
an addi ti on&ampld 0 cﬁ%gﬂ%ﬂﬁ@'ﬁq@éﬁaﬁ&% Q4BhA! %n e W haddhsifliSienfiRREEMRCRE

when, for exanple, E material s extrusi am nated to one strface of
the board atwaaliowbrittleStortid extiisohnesaed 2ithBadyginderie. | The helytiblyleneicogted

exanpl'e, sanples of |ow density board containing. nicrospheres were,
produted, agg"“Blgﬁﬁ’&Fee%P”tvﬁﬁ%ff@a%p?ze cm%ﬂwlemﬁf%wpmcgwe- RERsUKERYe N O

m cr osphere p@fﬁ)% ' | ., ' | habl e 25
from EXpa-ncZ’f? nc r&g?é %]ﬁpu‘ﬁ{g (e‘;{e}gl?lglﬁg f ﬁéﬁ Q%E &%t%ggigrsﬁg%%,&{lg&.
The target edp fillkd with hbowatttRvipt@perBie d81 90°F. RelesiniplopeRics ofihendvw onal
cupstock calipers. After producing the boards, they were taken off-machine

to an ext r udepsityrhoardsamplesoare givgnds Tabled. 2004 10 15 20 25 WO 01/ 54988
PCT/ US01/ 02777 coated with | ow density_ palyethylene at a rate of 14

PG S

| bs/ EB/SF to B ovite—a barrter—coattng—ghoneTstdethavi-ngra—threkresy of
about®1 nil petieHf t he s anpl es ex c’("é)ptfo! Sample | Sample | Sample | Sample | Sample
. A D E G M
'EXPANCEL microspheres (Ib/ton} - 0 60 24¢ 603 100 100
Dry Strength additive (Ib/ton)' 0 0 0 40 40 40
Basis weight (Ib/3MSF) 216 173 | 196 179 140 139
Caliper (mil) 21.0 18.4 85.0 224 19.0 21.0
15 Density (Ib/3MSF dry basis) 103 9.4 2.3 8.0 7.4 6.6
- Stretch at Peak (%), MD 1.93 2.41 2.23 1.74 201 1.76
Stretch at Peak (%), CD 4,03 4.83 4.52 4.40 473 4.79
Tensile Strength (ibffin), MD . 72.0 68.5 27.7 52.3 455 382
_ Tensile Strength (Ibffin), CD 46.5 39.2 17.5 331 26.2 23.0
20 Wet Tensile Strength (1bf/in), MD 4.03 3.28 3.05 396 2.87 2.64
Wet Tensile Strength (Ibf/in}, CD 2.69 2.06 1.8} 2.14 1.51 1.58
Internal Bond (1*E*ft-1bf), MD 68 94 48 77 90 96
# Internal Bond (1*E3f-1bf), CD. 72 83 50 78 79 86
: Internal Bond (1*E>ft-1bf), AVG 70.0 88.5 490 77.5 84.5 91.0
25 Sheffield Smoothness (SU), FS 285 275 478 300 311 327
Sheffield Smoothness (SU), WS 296 277 478 310 312 328

' The dry swength additive was an_anionic polyacrylamide sold under the trade
designation ACCOSTRENGTH available from BAYER of Leverkusen, Germany.
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Sampl e D contai ned the pol yethyl ene coating. Sanple D had insufficient
strength and was too brittle to be extrusion coated vmthzgo_g%%hé/g)@é]e The
pol yet hyl ene-coated sanples were converted to 16 oz. cups onh a connerci al
cup machine. The insulative properties of the cups were determ ned by
rregsurl ng WHY5#88ke a person could hold a cup filled w ERMEY%ET er having
a tenperature of 190F. Rel evant properties of the low density board
sanples are given in Table 1. Table |I PropertiesControl Sanpl e Sanpl e Sanpl e
Sanmpl e Sanpl e ADEGI\/I EXPANCEL m crospheres (Il b/ton)060240603100100 Dry

St rengt h adgtive—f{+brton—066404040—Bast-s—werght
(1 b/ 3MBF) 214 137@1%%@140139 Cal i per i | )23*1001 8.1485.10220419.2021 |0 2BRNnBi t y
(1 b/ 3MSF dry dags gﬁﬁ]@s 39. 42. 38. 07. 46536 Jt rLhLCh a,QTPeaI§3(,%, 220 20.3
MD1. 932. 412 }234+—F42-01+1+—F6—Stret-eh—at—Paak—{-34—EDB4-1034-—8344-524-1404—+34. 79
Tensi | e St r gddherStiffnessefram) MDVD72. 06/8. 227.|7502345.938.|2 P&ndi 1184 St|r eyt
(Ibf/in), CAG.pRELldrasen’ 26. 223 0}]\{‘ét TQnsifl 44? ength [(1,0F/1in), 5
M. 033. 283. St gt s WA

CD2. 682. 061.|Je@steuth LM | nt er naj #6nd (4BO E- 3f187|t )499 M6 94447 209p

| nt er nal Borf [ bf CD. 72835Q7979 Nt gg ngl *E{3TL - 1 pf),
AVGT70. 088. 5 5“3‘539‘3%649.1_)0_5@4.; SR ﬁ\ sy) 4&@ RS 7354"0021)1327
Sheffield Srrﬁb&tfﬂrldé’s@m(n&@mts/ms2962774ﬂ83 03883 83580Treﬁd$y stengt k4o
-additive was an anioni ¢ polyacrylam de sold under the frade designation
ACCOSTRENGTH avai | abl e from BAYER of Leverkusen, Gernany.

Of the foregoing samples, Sample G exhibited notably good insulative

=)

10 properties. The average time a person could hold a cup made from sample G was 29
seconds compared to 11 second for the control sample. While Sample G had excellent
insulative properties, the lower basis weight of the board resulted in lower stiffness and
consequently a cup made with the board had lower rigidity. Rigidity is an essential
attribute for cups, accordingly it was necessary to improve the stiffness of the cupstock.

15 Sample M having a density of 6.6 Ibf/3MSF/mil and an average internal bond strength
of 91 x 102 fi-1bf could be processed on an extrusion line and converted to cups. The
stiffness of the board was somewhat improved over the stiffness of Sample G. Sample
M also had better insulative performance than the control sample, the iatter having a
density of 10.3 1b/3MSF/mil.

20 The internal bond of sample M was somewhat below the preferred
internal bond of at least about 100 x 10~ Ib/3MSF/mil, but still was able to be
converted. However, as mentioned earlier this somewhat lower internal bond may be
deemed acceptable when extruder speed is reduced and/or the weight of the barrier
coating is increased.

25 The density of Sample D was t00 low for web handling processes. The
density of Sample D was 2.3 1b/3MSF/mil and the average internal bond strength was
49 x 10~ ft-Ibf. This bond strength was found to be too low for the web to be processed

in an extrusion coater or to be used in a cup forming operation.
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-15 25 June 2004 5 WO 01/ 54988 PCT/ US01/ 02777 Cobb (g/ n),

FS31. 031. 014. 723. 021. 122. 0 Cobb (g/ n2), WS53.025. 714. 723.?%2J‘%g9.§06',§ber
Stiffness (gf-cm, MD203119704168104115 Taber Stiffness (gf-cm,

CD11166. 444388. 342. 648. 3 Tear strength (gf); MX456430387499304326 Tear
strength (WPP4#8%¥91518496370320 Sheffiel d Perneance PCTAUS01/02777
(units/in.2)247436358068811901240 O the foregoing sanples, Sanple G

exhi bited notably good insulative 10 properties. The average tinme a person
could hold a cup made from sanple G was 29 seconds conpared to 11 second

bropertioa the honor Thstpafiar S Copicts oot B ok AR VBRSPS f ness
and consequagdsuieddyCiup cfﬂaé&dvﬂédmckwmdig@m OVED. Therébulty sh@v@i sty is

an essential attribute for cups, accordingly it was necessary to inprove
t he stif f nessssesftially Enearpelaenshipltet@eenlensify anshdonduativity mathtthe highér dnsity

| bf / 3MBF/ m |, and an.aver i nteynal, band strength . of 9l X -3 ft-1bf
coul d be pr it Aher fardtioy -%HBWEBR@EP?@BSQI@%@@*H% the
stiffnress of DEMR j: Vs - St ff Al e
G Sarrrsgl e I\%ag]?o‘bﬁidda %fg‘;_ﬂiﬁ%drsﬁ’il ns u?%l? il“?/%hg)er T orgﬁénoélgn‘t%ﬁgh} %ﬁ;h% ?giﬁffrbél

sanpl e, the boaatdsaestbdutiap heaxpebesal hyythe folldvidg ebiddnr/ m | . 20 The internal

bond of sanple M was somewhat bel ow the preferred internal bond of at
| east about 100 x 10'3 | b/3MSF/ m |, but still was able to be converted.

However, as nentioned rli t.hi.s .S0 t er, hdt ernal. bond may be
deened acceptabl e V\hegﬁ%ﬁ] gf“%@g%é“gﬁg?%&% Oaé]%’ﬁpré?ﬂg’ wei ght of the
barrier coating is i b i) 033 (Hetls Sanmpl e D was too | ow for

web héhdling processes. The density of Sanple D was 2.3 | b/3MSF/nil and
the average internal bond strength waExamgle2 10-3 ft-I1bf. This bond

strength was found to, be t | ow f or e to he ocessed
g In'the fgﬁowglg example, tw%?fferemqowpd’ensity oard stocks were

made having densities in the range of from about 6 to about 10 lb/3MSF/mil and from
furnish containing expandable microspheres. The board stock thus made was converted
15 to 16 oz. cups. The physical properties of the board stock are shown in Table 2. All
of the samples in Table 2 were coated with low density polyethylene on an extrusion
line and printed on an aqueous flexo press. The coating was applied to one side of the
board at about 20 mil and the printing was applied to the other side.
The coated board indicated as Sample 19 was converted to cups on a
20 commercial machine with existing tooling. The board indicated as Sample 32 was
converted to cups using prototype tooling on a commercial cup machine. The rims of
the cups formed using the prototype tooling were only partially formed. Modification

of the tooling will enable completely formed cups.

Table 2
25 Properties Control | Sample 27 | Sample 19 | Sampie 32
Softwood fiber (wt.%) 30 30 30 30
Hardwaod fiber (wt.%) 70 70 70 70
Wet end Starch (Ib/ton) 10 10 10 10
ACCOSTRENGTH (Ibfton) 6.8 6.8 6.8 6.8
-17-



In an extrusion coater or to be used in a cup form ng operation. -16 25
June 2004 WO 01/54988 PCT/ US01/ 02777 The appar ent thernnlﬁoqulﬁjg’ét%d/d&y of
the | ow density boards was neasured by the Guarded Heat ow Met hod (ASTM
C 177). The results showed an essentially linear relationship between
density antiP8bdtfctivity with the higher density boardspcgmoﬁ?zﬂ"ng hi gher
conductivity (i.e., lower thermal insulation). Gaphing the 5 data, it was
determ ned that the relationship between conductivity and density for the
boards tested may be expressed by the foll ow ng equation: Thernal

COﬂdUCtiVity =T ‘Ettﬁg = el Ol — P Astty (:IAIS:\VT 1~ —0—343

(ft2-F-hrs/ bﬁauipsiﬁ g—glﬁ?{lgr% = SaF"r{m{t% folllowing e an;qﬁp, L an “ i}f pr{hz t _lfow
density boarjoRe§tep@RBTAeY e  made having densitie$ i Althd raige pf #fom|about
6 to about l%&ib&@hﬁﬂal}isbd@ﬂ@iisj‘rom furni ssgont{aiznsng jexpandapl e11.4

m cr ospher esfa&i ard—stockthus—made was, LOnyeT HI5—t 610 ups.

The physi cal Caﬁﬁ%?(nfﬂt. of the | I l?s.'h [ 2697 T%i 3922 of

the sahpl es |PFsiuBpMFMidr e coated with || oW-ensi t§pollyefBY| ehe ¥ am

extrusi on |jaendRchdre*mib®@oMDN an aqueoys filiexo| press. [Thesscoaf i ngs was

applied to ONGeml Btk ibn, cpoar d_at_ap 140 T gd e @ri i T g, wa
—do T e

appl I ed tO thn athoy ho caoatod hbhaard ndl o~t ~Ad

o CSammnl 19 was
e —UT LASZERAV AV A= i v vy & 4 oo™ T = v P

converted to PhpSgs EEem MR o o o) Zh?ﬁ%(&. (B dti d#® tobl i%8. The

boar d i ndi cajt Bber &@apém, @2 was converft ed3lit o fups- usi|ng 39r ot pt ype t pol i ng
on a [IDWTYEFCII%OMC}{%@Q&,F)@MDTH‘E_ rns of Lyhe C prsl.‘_{gorf'?gl_%l’\ng+ tl’_l‘\h@+ AN
PRI 2t RS SR HTLE: AR A A U0 SR P IS A AR S
27Sanpl e 199ansgbrelegsle Syshathaedin).Mber (wt . [%9 38803D3072Har qwod®s f i pers6.6
(Wt . %9 70707 Oj/iktron Tensile Strength, (Ibf/in), CD 49.9 39.8 32.1 321
Instron Young’s MOE, 1E+3 (Ibff/in®), MD 596 321 343 225
15 Instron Young’s MOE, 1E+3 (Ibffin?), CD 302 126 139 83.1
Roughness (Sheffield Units), FS 324 297 297 305
Roughness (Sheffield Units), WS 328 353 324 333
Brightness, Directional (GE, %), FS 78.9 80.5 81.8 81.9
Brightness, Directional (GE, %), WS 78.6 79.9 82.1 81.1
20 Air Permeance (Sheffield) (units/in®) 319 377 858 351
Air Resistance (Gurley, s/100cc) 26.5 21.0 8.4 8.8

Of the foregoing samples, Sample 32 exhibited notably good insulative
properties. The average time a person could hold a cup made from Sample 32 was 37
25 seconds compared to 11 second for the control sample. Furthermore, the relatively high
stiffness of the board of Sample 32 as indicated in the table resulted in suitable rigidity
compared to standard board. The stiffness of Sample 32 was significantly greater than
the stiffness of any of the samples of Example 1.
The insulative properties of a cup made from paperboard cup stock was
30 determined by measuring the sidewall temperature of a cup containing a hot liquid. A
maximum value of sidewall temperature for a cup containing a hot liquid is typically

specified for an insulated cup. The sensory perception of heat is dictated by skin tissue
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Wet end Starch (1 b/ton)10101010 ACCOSTRENGIH (I b/ton)6. 86. 86 86 8 17 25
June 2004 5 10 15 20 WD 01/54988 PCT/ US01/ 02777 EXPANCEL 4

dosage. (I b/ton) 0106114120 Refiner (HPDT/ton)3.84-14.14.1 aS| s wel g%t

(1 b/ 3MBF basi s) 218. 7235. 9143. 2211. 4 Caliper (ml)18.7126.9718.2130. 22
Density (I"B‘XBWSFWSm 1)11. 698. 757. 866. 99 Internal Bond (L&CIHESIVEFY
VD1121418898 Internal Bond (1.e-3ft-1bf), CD11312488107 Taber Stiffness
(gf-cm), MD240370139366 Taber Stiffness (gf-cnm), CD31--30-- Instron Stretch
at Peak, 9% MDL.791.491.741.36 Instron Stretch at Peak, CD4.314.795.774.59

Lot o T b o ol sl B0 25 Sl SRR v
MD5963213482 '

Roughnose ( Shapt Reft Rl (oS B i Ll sl e bt RPRRIORAMRh the
W5328353324338udr il‘ghthaﬂsﬂiow b theaisswnBla éddhbindfion 65569eR8 Gadtid.iB@ LA the

Bri ghtness, Directional %, W578.679.982.181.1 Air Perneance
(Sheffi el d) féiemqlgrqmz}@p@wms@s@ftmmem@sq afithpldquid.@pd thgcontact resistance

s/ 100c5c) 26. 5b th9§n 48 gssue and the outer wall of the cup. The cup rigidity and surface
roughness (i.e. texture) is also believed to contribute to the sensory perception of heat
by influencing the effective contact area between the cup sidewalls and the tissue.

Fig. 1 is a graphical representation of the wall heat flux over time for the
cups containing 190°F water. The data shown in Fig. 1 was collected by applying
10 pressure on the flux sensor. In the figure, Curve A is a cup made with Sample 32
(Table 2), Curve B is a cup made according to U.S. Patent No. 4,435,344 to Tioka
containing an outer insulating layer, Curve C is a conventional double-walled cup, and

the Control curve is a conventional single-walled non-insulated cup.
It is believed the data for Fig. 1 represents a relatively accurate
15 measurement of heat flowing to tissue for cups being held under normal holding
pressure. At the point excessive heat was perceived, data collection was terminated.
As shown by the curves of Fig. 1, a cup made with the paperboard of
Sample 32 (Curve A) exhibited comparable thermal insulative properties to cups made
according to U.S. Patent No. 4,435,344 to lioka {Curve B). In this regard, it is noted
20 that the Curve B cups were produced by coating the outer wall of a cup with a
| thermoplastic resin which is subsequently foamed. However, the process for producing
the Curve B cups requires additional capital equipment for the conversion and the
thermoplastic coating adversely affects print quality and the hand-feel of the cups. In
contrast, cups made using the paperboard stock of Sample 32 had no external
25 thermoplastic coating (the coating was only on the interior surface) and an appearance

and feel similar to that of conventional paper cups. The Sample 32 cups also exhibited
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to tissue for cups being held under
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t is

W th e paperBanrarLpednading 50 theck Vo BHlet PRl soofinaded fy 680w

i nsulléti ve phespesatiphs tontsidpd anBlRd of hardwood and softwood pulps and wet-end

chemicals, such as starch and dry strength additives, and a suitable amount of

expandable microspheres to achieve a range of board densities. In each case, the

refining energies and level of wet-end chemical addition was varied to achieve a range

of internal bond strengths. Following polyethylene extrusion and conversion into cups,

20 the samples were inspected and rated for the degree of MD buckling or wrinkles, which
are a measure of the converting potential of the coated board. Samples with a severe
degree of buckling would be unsuitable as a commercial product. |

Table 3
Sample Sample Sample Sample Sample Sample Sample

25 ID Pl P2 Ct C2 C3 c4 cs
MD Buckling Severe  None  Severe Medium  None None None
Caliper, mil 32.9 33.3 315 28.5 30.2 27.0 28.6
Basis Weight (Ib/3MSF) 187 331 202 196 211 236 232
Weight Percent of EXPANCEL, 6.0 2.0 6.0 6.0 6.0 3.0 4.0

30 (%)
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according to U. S. Patent No. 4,435,344 to lioka (Curve B). In this regard,
it is noted 20 that the Curve B cups were produced by co n er
wall of a cup with a thernoplastic resin which is subse%éen“??élg%g&&
However, the process for producing the Curve B cups requires additi onaI
capital ed¥PpH¥ME® for the conversion and the thernopl astGT@WSEHRITng
adversely affects print quality and the hand-feel of the cups. In

contrast, cups made using the paperboard stock of Sanple 32 had no external
25 thernoplastic coating (the coati ng was onIy on the interior surface) and

an appear anc rt e onal_ _paper, _cups The
Sanpl e 32 Cuﬁt{{ § 513;((#}3(3315%39 9 %; v@f‘om 43838 P@,:j';iusoi;oz???
better thermal I nsul ative propert| es t e conventl onal doubl e-wal | ed
cup of CurvelEERR My e 3 | n the fol | gw ng exanp e, 9;1t yy den dlty

of f

board stocksI \ﬁ%‘l”tg de 5 having densities ih the rang om ab ut 6 to
about 310 | b/@%ﬂlm PDand from furnish cont ai ni n expandabl e m cro%heres

The board st co‘ %/ert cup§03 The 2ghysi
properties ofif g‘ sho bIe 6of t@ les in
Tabl e 3 wer el-ag Eﬂ W en@g Y B yeﬁgyl enqun anzﬁxtrqg on lk4sne and
printed on an aqueous “fl exogr aphi ¢ press. The coating was applied to one

side 1% the 10 board at about 1.5 m| and the printing was applled to the

other side directly %g{nﬁ,mg pln&necgl ﬁfé@tfré’tg?he Qf}{ﬁﬂéﬁswﬁﬂrei%qger

manuf actured on a pilo aper machi ne "an d on a pi ruder

wher eas sanmitRagthlis babmamxmn@nwsexmnuﬁ/amsmmd Bor masecmmrom ahe
paper machine. In both cases, the papernmaking furnish used to produced 15

these sanpl eemplasshpyved severs MRibegklingr iadiseting that &@Vt“m%nmepﬁmabia apet - end
chem cal s, such_as. tarch tEen th addjt] a ab armunt
o expandan B mE L bRHERe SpRa TUOBIE PaRute LheE i Aol tedfadi Cach
case,jst he rﬁgrilﬂemyqaaagmeﬁ il Ipey@rboaﬂ wEd inerhel Fdl&mlé?rﬁbfélﬁﬂ'bhl on Was
varied to achieve a’'range internal bond str engt hs. Fol | owi ng
pol yet hyl enebeeasewdiits mmdten:mi\bené stoengtinthe proguet dd& mat exlslhnmfbimﬁlehmg.
i nspect ed and r %% for the degree_of ND l%uckl [ ng | es, ich
Sample C2 shows some cgree of buckling because it 1ntem bon strength of 81
x 107 1b/3MSF/mil is at the lower limit of the preferred range of internal bond
strength. Samples C3, C4, and C5 illustrate the preferred levels of density and
20 internal bond strength.
Samples P1 and C1 illustrate the condition wherein the polyethylene

has a caliper of about 1.5 mil and the internal bond strength is below the minimum

of 80 x 107 Ib/3AMSF/mil. For these conditions, the samples showed severe MD

buckling, indicating that they would not be suitable as a commercial product.

25 Sample P2 illustrates the case where the density of the board is significantly lower

than normal paperboard used in the production of cups but because of its high

internal bond strength the product does not exhibit MD buckling. Sample C2 shows

some degree of buckling because its internal bond strength of 81 x 10~ 1b/3MSF/mil

is at the lower limit of the preferred range of internal bond strength. Samples C3,

30 C4, and CS5 illustrate the preferred levels of density and internal bond strength.
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are a neasure of the converting potential of the coated board. Sanples wth
a severe degree of buckling would be unsuitable as a cor@?r% %5%%”“'
Tabl e 3 251 DSanpl e Sanpl e Sanpl e Sanpl e Sanpl e Sanpl e Sanpl e 2 C34ACs
MD Buckl i ng Severe None Severe Medi um None None None Cal.i per ‘
mi | 32. 933.‘%@21@2@. 530.227.028. 6 Basis Wi ght (I b/ 3NSF) 15’?55@'6%1’536211236232
Wei ght Percent of EXPANCEL, 6. 02. 06. 06. 06. 03.04.0 20 25 June 2004 WO

01/ 54988PCT/ US01/ 02777 Apparent Density,
(I'b/3MBF/ mi1)5.689.916. 406. 896. 988. 758. 11 I nternal Bond, 7414775839913198

(IE-3 Tl bf gamf)\fg (,76211‘1151%1?21 e851hlo%)’ %1:1)’ flnlcgelasé Btt)l%trlll?iencB 205 ’Weslél‘llt%ﬁ %wf t:grﬁ!arb(];f) , D
about 20 percent can compensate for the low internal bond strength.

The foregoing examples demonstrate that within the apparent density
range of about from about 6 to about 10 1b/3MSF/mil and calipers ranging from

5 about 24 to about 35 in conjunction with a relatively high internal bond above at
least about 80 fi-1bf the physical properties of the low density board are suitable to
enable processing of cupstock to make insulated cups.

Cups are typically shipped in sleeves of 50. In order to prevent the
cups from interlocking in the sleeve, the cup is ordinarily designed so that the outer

10 bottom edge of one cup rests on the inner bottom of the cup below it. This
requirement along with the desired interior volume of the cup and the aesthetic
needs of the cup place additional constraints on the allowable board thickness. For
example, it is preferable that the caliper of the basestock for 16 ounce cups not
exceed about 35 mil. Accordingly, the upper limit of caliper for a 16 ounce cup is

15 preferably about 32 mil.

In the web forming process, webs containing the expandable
microspheres were preferably pressed to a higher solids content than webs which do
not contain the microspheres.

Once the web is pressed and dried it is calendared to a thickness which

20 provides the desired density/caliper within the ranges set forth for low density board
according to the invention. The calendaring machine may be a conventional multi-
roll calender, but is preferably a heated extended nip, long nip, or shoe nip
calendaring machine which provides an improved microsmoothness at an extended
dwell time and reduced pressure. Accordingly, the calendaring machine may

25 contain one or more extended nips having a dwell time in the range of from about 2

to about 10 microseconds and a peak nip pressure of less than about 1200 psi.
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Sheffield Snoot hness (SU), FS352297313304333297294 Sheffiel d Snoot hness

(SU), W5372336308284305353286 Taber Stiffness (gf*cm, une 2004
MD377637355358366370436 Taber Stiffness (gf*cnm, CD128400136125129146163 10
Sanples Pl and C illustrate the condition wherein the internal bond

strength iWOHBEFE# t he m ni num of 80 x 10' 3 | b/ 3VMBF/ mi | . FIYUOHERFE
conditions, the sanples showed severe MD buckling, indicating that they
woul d not be suitable as a commercial product. Sanple P2 illustrates the
case where the density of the board is 15 significantly |ower than nornal
paperboard used in the productlon of cups but because of its high internal

bond strength the prd¥ititefersaee todtiseRhd.isine embcuduemtpfﬁg cup $@ppads with dkkows

d t t. b t, f. 10-3
by anse i1 102 SRt SRRt Spnd Bihe PP B T Bietindls n bong
strength. Sajfphesverid ththcateddofe® THd a@tlro%eluhbﬁa %é&fnﬁr;r@dmlclﬂw'@alpf density
and 20 internal bond strength. Sanples | ustrate the

condi ti on wieréem12 h@m@ayeltthyillepeeamaéjfanmlthpemd odgeal6und18%fmi | and t he
|nter bond stre bel ni. ni .h/ 3 /m . For
t hese cond| tHa BFfi’ a"{ah Q’sﬁ’ﬁ‘ﬁf% @%@lgﬁb& ‘ﬁ?ﬂﬂ??l 8@“ Niifi ng that
t hey woul d - 2

, x0T Vt%ﬂgﬂh@r ﬁﬂnﬁ‘c&ﬂgﬁﬁ&fdl?ﬁ ﬂﬁf&@ﬂgﬁ £hesIFED I&rfelltsg%r%dl B2 | over

illustrates the case ere t density o boar 'S sigh

t han nor mal thempepbmstic doatird thetedn® ghadneins dnowh is tanarbuTthﬁxpaHBzﬁs@f its
high internal bond strength the product does not exhibit M buckling.
Sanpl e C2 sHBslgdesaurieupsgioded sim Hand 2 sepapite substantiely civedanbottaspertionr engt h

of 81 x 10- he .t ref.erred range of
i nt er nal bon&‘%ren zﬁ?cixeé:{ %é]eé‘é ﬁ?ow@lp&yﬁﬂ I&E?ﬂ%qﬁsgm@ﬂfﬁ’é’ eFﬂ?ef erred
| evelig of dem |4&esaﬂsledts€1&wmstﬂa&@@rﬁéthsal%rf&uaclﬁﬁ AR bbideh Pildn Y0191/ 54988
PCT/ US01/ 02777 Sanple C6 illustrates how an i ncrease pol yet hyl ene coat

wei ght in t ke wall gortisin 1 2+l Kig 2Dilluetratent ralid rim@ferfsaup atcordingdo oy

i nt ernal bond strength The foregoing exanpl es denonstrate that within the
appar ent derf8Y

As seen in Fig. 3, the wall portion 12 of the cup 10 is made from a low
density insulated paperboard material according to the invention which contains
15 expanded microspheres 24 dispersed within the fibrous matrix of the paperboard.
The microspheres 24 are preferably substantially hollow and provide insulative
properties to the wall and bottom portions 12, 22 of the cup 10. However, bottom
22 may be a conventional coated board material in order to improve the economics
of the product, since heating of the bottom is not generally an issue as the cup is not
20 typically held by a user on the bottom.

Because of the increased caliper of the paperboard material used to
form the wall and bottom portions 12, 22 of the cup 10, modifications to the
converting equipment and/or the board itself may be necessary to achieve the folds
and rolls required for assembling the cup portions together. Pretreatment measures

25 of modifying the caliper of portions of the board (i.e. “crimping™) have already been

described above in order to facilitate conversion/assembly of the cups.

-23 .



range of about from about 6 to about 10 | b/3MSF/ m | and calipers ranging
from5 about 24 to about 35 in conjunction with a relativedyshig t'gd]@,iernal
bond above at |east about 80 ft-1bf the physical properties of the |ow

density bq?églgsadg suitable to enable processing of cup]}tqggj% l&,},ﬁake

I nsul at ed ps are typically shipped in sleeves o n order to
prevent the cups frominterlocking in the sleeve, the cup is ordinarily
designed so that the outer 10 bottom edge of one cup rests on the inner
bottom of the cup belowit. This requirement along with the desired

LT Ol O L, SR A AR ISRy, 28

additional constraints on t exanmple, it

i s preferabl glohffdld séwn 2816 peividefa gdirrdlySeshamid jooketBY. EHACE 6fpe Nnot
exceed about 35 m . Accordldﬁly, the upper |imt of caliper for a 16 ounce

cup is 15 pbettesm pettipniyfnldedziong $eam314tm1erow@§ arsypstantipllyrreghs osglelaps36

t ai t bl f tg,a high
S0l ds- cont eoigh Y PR epellof A GRARElREn oS rite et i eipsBkAeRE et b
web i 5 pressesinapbededledin t!hebscmbgwgrsﬁﬂlldrqnﬁmwt&di@ma%h%ﬁrseﬁﬂmr ovi des

the desired density/caliper within the ranges set forth for | ow density
board accordisagbedatiove. i nventi on. The cal endari ng machi ne may be a

ti | lti- | end heat ed t ended ,
fong nip, or shoe ni Bﬂs%l%ra}aﬁ?mﬁé*ﬁg Al Rertin B OpRgmae G ampsg by ed |
m cr osnoot hnﬁ%ﬁreﬁ}nc (st tl?ﬁfé‘?&abﬁ%héd 5d g@ﬂﬂ Prrg g:‘iiowﬂﬁgﬁ%%&lar Jolled

Accordi ngly, e ca g nmachi ne nmay ont ne or nore extended

ni ps havi ng ﬁmcmel']"odlmg&equireﬁhe forangledirih Qolfﬁa?bﬂsﬂne'éd 1 Be alidlifiedL O
m croseconds and a peak ni p ressure of |ess than about 1200 psi. -22 25
June Hbo4 v@mwsmsf iper7gfihg\peperbedrd matesial neediogeakeowal one

oo e ol e AR R o ARt RS BB SE
truncated CoffinprEfRd &R preirehiitdri 9@5 RolUeA B qu;ydes E‘éiﬁfo?@émé’iﬁ'té thePOr ti on
12 having a vert ical | ap seam 14 joining the end edges 16 and 18 of a 5
paper boar d vmtipef poriiongfthrecupdh lorgerit¢ nmmintdid.a s‘ﬁbmtammilyeajzgas:uﬁ Goramthidifig may be
liquids, to limit dripping, and to provide a more comfortable edge from which to
15 drink.
1t will again be appreciated that the interior and, optionally, the exterior
of the cup 10, may contain conventional barrier coatings to reduce the porosity of
the cup so that liquids will not soak into the paperboard substrate of the wall and
bottom portions 12, 22. The coatings may be one or more layers of polymeric
20 materials such as polyethylene (preferably low density), EVOH, polyethylene
terephthalate, and the like which are conventionally used for such applications.
The foregoing description of certain exemplary embodiments of the
present invention has been provided for purposes of illustration only, and it is
understood that numerous modifications or alterations may be made in and to the

25 illustrated embodiments without departing from the spirit and scope of the

invention.
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af fi xed to one anot her using conventional nethods such as adhesives,
mel t - bondi ng thernoplastic coatings thereon or other neaps kpgapamat he
art. The cup 10 also includes a circular, rolled rim20 and a separate

substanti ikc{)ﬁ/&%ﬁrscm ar bottomportion 22 which is att a%t&igj&@@?%eal ed to
p 0

t he wal | 12 along the periphery thereof. 10 Fig. bed bel ow
illustrates a nethod for attaching the bottomportion 22 to the wall
portion 12 and Fig. 5 illustrates a rolled rim20 of a cup according to the
invention. As seen in Fig. 3, the wall portion 12 of the cup 10 is nade
froma | ow I il R de paperboard material according to the

i nvention whic con(t:al ns eéxpanded mi crospheres 24 di spersed within the
fibrous matrix of the. efboatdmatefilEusEid i@ sRhaifaddreasfpapirobaidabl y

substantially hollow and provide insulative properties to the wall and
bot t om por t conginers sugh ag panes eupgemmisingpaperboasd webincludingaypod dibgrs

tional t d naterj.al i der, 1o i .t h i f
the. product 8 SR ed B ReME S dieptst iR o et B EN g S FFTRERe s ¢ he
cup is not ZEnditvRirGRim ¥odiRl6th RYatRut EE b/ MSENAIL BRA h eMipPes aoafa o {Host

i ncreased cal i pér of the paperboard material used to” formthe wall and
bot t om por t 36msil $2th addneina hend opatdeast abomiit 8D xallG*diibft o t he converting
equi prent and/or the board itself nay be necessary to achieve the folds
and rolls required for assenbling the cup portions together. Pretreatnent

reasres 25 of o) {1 e b 63 Al PRI Tl bl e

"“crinping") have alrea escCri ove 1'n or

conver si on/ gsgdedst ¥baut 61510/INIPE/mit 2 B8 cdlip? o HAwM sl dadd®But 28 mil,
PCT/ US01/ 42777 As seen in Fig. 4, the bottomend 26 of the wall portion 12

is folded along fold seam 28 to provide a generally V-shaped pocket 30.

End 32 of the botto rtion, i s,folde l.ong.seam.34 to provid

substantial ly right g]'n B P#RC 'boaé%maf‘?ﬂﬁ?(?ﬁdﬁﬁ’gz eE‘?lP?Rfe?J"eF € 053@?#& nent
step) recei gl ik B khebBRCHR X PP ke flap 5 36 may be sealed in the pocket
30 in a simlar manner to the formati on of seam 14 descri bed above.

Circular top end 38 of wall portion 12 (which may be crinped in
4. The paperboard of claim 1 wherein the average internal bond of the

web is at least about 100 x 107 fi-1bf,

5. The paperboard of claim 1 wherein the average internal bond of the

web is at least about 80 x 107 fi-1bf.

6. The paperboard material of claim 1 further comprising a barrier

coating on at least one of the surfaces of the web.

7. The paperboard material of claim 6 wherein the barrier coating is

present only on a surface of the web to be placed intertorly of a cup.

8. The paperboard material of claim 6 wherein the barrier coating has

an average thickness of from about 0.5 to about 3.5 mil.
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pretreatnment step) is preferably rolled as shown in Fig. 5 to provide a
circular, rolled rim20. Tooling required to formrolledhsi LD f@mys al so
need to be nodified 10 because of the increased caliper of the paperboard
material used to make wall portion 12, especially if top end area 33 used
to make t hEOO#% is not cri nped or conpressed in a pr TSR st ep.
Rolled rim 20 provides reinforcenent to the upper portion of the cup in
order to maintain a substantially open cup for t ak nd J0Qui limt
dripping, and to provide a nore confortable ed%ie'g r?'(l))?ﬁ.\%%;a%a’tn?}g%ﬁﬁ%&%ﬁ nk.
It will again be apprgechat Ay P . [ | v, the
exterior of the cup 9?giﬁrége%%%daél%‘8%@2%%‘%?}%%5@%3%5é:%‘?tr]# to
reduce the paingsiseya@batiighBateripl iectdddfrorh itk /irdap %ﬁdistih@tof%@%léth%ﬁér@, t he
paperboard substrate of the wall and bottom portions 12, 22. The coatings
may be one JEVESE and aglvethyisme sesephthalate poingangavierdge thigktesszangig/fsomy| ene

(preferably l,ow Si ‘i; , polyethylene terephthalate, and the |ike
whi ch are coarlf\?gh&sgﬂﬁf’% 3£Wfor such applications. The foregoing

description of certain exenplary enbodi nents of the present invention has
been provided for purposes of illustration only, and it is wunderstood that
numer ous nodi fi cati ori§. dihegplapebaindanaterialyofleineiowherninathe biudict beatitfy
illustrated enbodi nents wi thout departing fromthe spirit and scope of the
i nvention. -9y a i depty wolxpindersdpveruses sreimappiat from abont VED | S:
1. A paper b%ra%oﬁ%ﬂﬁli al useful in the manufacture of paperboard
cont ai ners such as paper cups conprising a paperboard web includi ng wood
fibers and expanded nicrospheres dispersed within the fibers and having an
apparent density of fromabout 6.0 to about 10 I b/3MSF/ m | and a cali per
of from 24 to about 135 Ihelpapgrbpardmaterialof glaibdnehereing barderscoatihgist 80 x
10"3 ft-I1bf._2. The gtglpglh?oar{g material of claiml1l wherein the density of
the web s RHESPEGRPOthsrfaces oithe\WeRisr/ ni| and the caliper of the web is at
| east about 28 m . 3. The paperboard material of claim2 wherein the
average bond of the

12. The paperboard material of claim I wherein the web has a

Sheffield smoothness of at least about 300 SU.

13. The paperboard material of claim 1wherein the web has a surface
with a Sheffield smoothness of at least about 300 SU and the material contains

printing directly on the surface.

14. The paperboard material of claim 1 wherein the web has a surface
with a Sheffield smoothness of at least about 300 SU and a PPS10 smoothness of

about 6.5 microns or less and carries printing on the surface.
15. The paperboard material of claim | wherein the cellulosic fibers in

the web comprise from about 20 to about 40% by weight dry basis softwood fibers
and from about 60 to about 80% by weight dry basis hardwood fibers.
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web is at |est about 100 x 10-3 ft-I1bf. 4. The paperboard of claim]l
wherein the average internal bond of the web is at |easty@hpye 1D6x 10-3
ft-1bf. 5. The paperboard of claim| wherein the average internal bond of
the web is at |east about 80 x 10-3 ft-I1bf. 6. The paperboard nmaterial of
claim1 fuMHBAEBnprising a barrier coating on at | easPCHH81HR7?T he
surfaces of the web. 7. The paperboard material of claim®6 wherein the
barrier coating is present only on a surface of the web to be placed
interiorly of a cup. 8. The paperboard material of claim6 wherein the
barrier coating has to about 3.5

vera t hi ckness of from about 0.5
ml. -25 25 June 2004% géggrdp@qtpg@@ /@@wa@mmﬂ’@fﬂpﬁ@e Appl i cation

60/ 178, 214 the, b
coati ng com??%ggb%g&ggg tf%ﬁ\gébg%@xf%ls%thﬁﬁc § Lﬁh{'& g rﬂﬁg ﬁorgsgn%?)ne%%%éﬁgrﬁ i ng of
pol yet hyl enefromE263uk 0,35 sy 90 bixg 0e:lictmPElA f el difa afy BIRY age

t hi ckness ranging from about 0.5 to about 3 10. The paperboard
material of claim®6 wherein the barrier coating corrprl ses a |low density

pol yet hyl ene havi ng er age.t hicknes f.ro bout .1 out 3 ml.
11. The paperboard rrglt P2 ?‘bE?Iéi‘u’H?tSf@ngﬁéﬁlw ngﬁli’:}q @F%Bﬁ%‘fag is
present on r claim]l
wher ei n theb@,‘é‘%"ﬁ%?%‘*@%’ﬁ??‘%‘f e sy heiC ROy RREE SRhi IR Bld ity 15
The paper boafrdmraboet 3 &l atwit € wai%of thettetabiveighhef thelwdbasm adsuissizce with a
Sheffield snoot hness of at |east about 300 SU and the material contains
printing directly on the surface. 14. The paperboard material of claiml

wher e the web has 3sSU {5660 hikidiaPUSlril e FROADRFRSSr Rluffea! eas!

about 300 SU and a P ess
containers such as cups which comprises a paperboard web including wood fiber

and from about 5 to about 10 wt.% dry basis expanded synthetic polymer
microspheres based on the total weight of the web dispersed within the fibers, an
apparent density of from about 6.0 to about 10 Ib/3MSF/mil, a caliper of from about
24 to about 35 mil, an average internal bond of at least about 8¢ x 103 fi-1bf, a
Sheffield smoothness of about 300 SU or greater, and a barrier coating having a

thickness of from about 0.5 to about 3.5 mil on at least one surface of the web.

19. The paperboard material of claim 16 further comprising printing

applied directly to at least one surface of the web.

20. An assembled paper container which comprises a sidewall and a
bottom sealably joined together wherein the sidewall is provided by a paperboard
material which comprises a paperboard web including wood fiber and from about 5
to about 10 wt.% dry basis expanded synthetic polymer microspheres based on the
total weight of the web dispersed within the fibers, an apparent density of from
about 6.0 to about 10 Ib/3MSF/mil, a caliper of from about 24 to about 35 mil, an

average internal bond of at least about 80 x 107 fi-1bf, a Sheffield smoothness of
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about 6.5 mcrons or less and carries printing on the surface. 15. The
paperboard material of claim1l wherein the cellulosic fibgetsyihe j@(géweb
conprise fromabout 20 to about 40% by wei ght dry basis softwood fibers

and from a%%&i&gsto about 80% by wei ght dry basis hardwod fibers. -26 25
June 2004 2988 PCT/ US01/ 02777 16. The paperboard REVEFIAF78f claim 1
wherein the expanded mcrospheres in the web conprise synthetic polyneric
m crospheres and conprise from about 0.25 to about 10 wt.% of the total

wei ght of the web on a dry basis. 17. The paperboard material of claim!]l

wherein the gxp ' p j : ise syntheti lynmeric
m cr ospher es ang%%grquéa?%?%ﬁ%g%%@rggﬁgﬁggﬁé@%%s ﬁ%aﬁ%@r wei ght
of the web ot abodl3/5 beibos at I&&st ofle PaTRdcsTahélwaBl erial useful in the
manuf acture of insulated containers such as cups which conprises a

paper board web including wood fiber and fromabout 5 to about 10 wt.%dry
basi s expanded synt heti c, pol m crospheres based on,the total weight of
the web di spersed w %ﬁr ?fégﬁkgr@?era‘?’ﬂp @HB&FW“%@‘@W&W&H@%M 6.0
to about 10 JehlaBiVSbinEl together MhticP&ih tid silléw id L, an
average internal Ngond ofat | east about 8%“ gq?g&lge‘%tgyﬁg?ﬁag%g%tﬁ% d
snoot hness oWwhigh comp8es aaperbogrdwe inchating swobd fibecindcharhiabgut Bid Abgus

t hi ckness of_  fro bout, 0.5 to _about 3.5 m | on at |east one surface of the
web. 19. Theldp‘é{b%fﬁagiﬂﬂsﬁéﬁ%}dﬁéﬁmﬁﬂa pelpmesmicrpsnhsres basasonsthadotpl i nt i ng
applied dir . . .1.20 assenbl aper
cggt ai ner vme\?%:l Htc%f?rhpgﬁgiégﬁigrss?gg\}\gﬁ Ihgﬁfg)egi a.%%? ga‘éﬁ@sdggsf:g/b(%i?lgiaﬁ@g el?@ggt lﬁer
wher ei n the teiadeuscll(l [b/3MBF /i, dedliper of (RN abHAUdo aB&ItSSia], avethgeONpr i ses

a paperboard web including wood fiber and fromabout 5 to about 10 w.%
dry basis expiHirblord af sideast abwit Ber 101 R4k p Sbeficlbsmeathuess plisbout 30al

wei ght of t web dj sper.sed within the .fibers, an arent density of from
about 6.0 t(r)be“gl%ﬁ]fea%& qnﬁl/a%ggﬁrrﬁqaﬁngngwg pihickpess Pgﬁg’é‘tiﬁﬁf‘t B2t abdout 35
ml, an aveysaef] ohedbnditthcRlof fle WERSt about 80 x 10" 3 ft-1bf, a
Sheffield snoot hness of -27

22. A method for making a low density paperboard material suitable
for use in producing an insulated container such as a cup comprising providing a
papermaking furnish containing cellulosic fibers and from about 0.25 to about 10 %
by weight dry basis expandable microspheres, forming a paperboard web from the
papermaking furnish, drying the web, and calendaring the web to a caliper of from
about 24 to about 35 mils and a density ranging from about 200 to about 220
1b/3MSEF.

23. The method of claim 22 wherein the density of the web is at least
about 6.5 1b/3MSF/mil and the caliper of the web is at least about 28 mil.

24. The method of claim 23 wherein the intemal bond of the web is at
least about 100 x 10° fi-1bf,
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25 June 2004 WD 01/54988 PCT/ US01/ 02777 about 300 SU or greater, and a
barrier coating having a thickness of fromabout 0.5 to apowhins. Dogmal on
at | east one surface of the web. 21. An assenbl ed paper cup which conprises
a sidewal | ottom seal ably joined together whereipn the sidewall is
provi ded bv%gﬂﬁgﬁgrboard material which conprises a pap%?ﬂgﬂvﬂrka

i ncl udi ng wood fiber and fromabout 5 to about 10 w.%dry basis expanded
synt hetic pol yner mcrospheres based on the total weight of the web

di spersed within the fibers, an apparent density of fromabout 6.0 to

average i nternal bord odrereddt iz Wpkn £ hReRtRha ity 83t

snoot hness oleasilabonlt 190G 1BUA-GE, greater, and a barrier coating having a
t hi ckness of fromabout 0.5 to about 3.5 m| on at |east one surface of
the web. 22. A nethod for nmaking a | ow density paperboard material suitable

for use in produci ngannsul.ated.container such .as a,cup,c risi,n

provi ding a paper makzl%h d??{ﬁg‘_iogglﬁ’f‘é?)ﬁi‘”&'@."ed‘éﬁedfl%ﬁaé%f’g%gf@% 'ngm
about 0.25 tpashkewit §H0 %0 fypiei ght dry basis expandabl e m crospheres,

form ng a paperboard web fromthe papernaking furnish, drying the web, and

~calendaring the web to a caliper of from about 24 to about 35 mls and a
density ranging frongb(r)#’t ZOg &o bou 20 | b/ 3NBF. 23. , The met hod of
clai m 22 wherein t he Zderdieiyetpd phelaig g2 CPRERESING 2pPIYings BArTiBY 3VBF/ ni |

and the cal i%EingBﬂtapﬁaMeio?ﬂ‘getsugﬁg%tcffacﬂgt"&lggcféréﬂ ¢b.24. The method of

claim 23 wherein®the 1 nternal bon he " web 1s a | east about 100 x 10-3
ft-1bf. -28 25 June 2004 WD 01/54988 PCT/ US01/ 02777 25. The nethod of claim
22 wherein the internal bond of the web is at [|east about 100 x 10-3
ft-1bf. 26. The net hd§ diheanghed obclajme 2t wherdire theramieraoatiomis po¢senhenlyeb i s

at | east ab(())nuat. 31,181'930)é 0%’9163w£:l; fol l?ef placed interiorly of a container.

29. The method of claim 27 wherein the barrier coating has an average

thickness of from about 0.5 to about 3.5 mil.

30. The method of claim 27 wherein the barrier coating comprises a
coating material selected from the group consisting of polyethylene, EVOH, and
polyethylene terephthalate having an average thickness ranging from about 0.5 to

about 3.5 mil.

31. The method of claim 30 wherein the barrier coating comprises a
low density polyethylene having an average thickness of from about 1 to about 3

mil.

32. The method of claim 27 wherein a barrier coating is present on

both surfaces of the web.
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27. The nmethod of claim 22 further conprising applying a barrier coating
on at | east one of the surfaces of the cal endered web. 285 Thensetdhod of
claim 27 wherein the barrier coating is present only on a surface of the

web to beﬁgbg,‘z&gml nteriorly of a container. 29. The met ;}%&f‘%&ﬂ/@h@l m 27

wherein t rfier coating has an average thickness o ut 0.5 to
about 3.5 ml. 30. The nethod of claim 27 wherein the barrier coating
conprises a coating material selected fromthe group consisting of

pol yet hyl ene, EVOH, and pol yethyl ene terephthal ate having an average

thickness ranging frem ?ﬂ@ﬁﬁﬂ&»ﬂ%ftcfhlm%ot%eré n%Web blgg%hgﬁ]eh d of claim

30 wherein the barrier coating conprises a ow densi polye ene havi ng

an average kimoothnessofat ldastaaboab®0( SU, to about 3 ml. 32 The net hod of
claim 27 wherein a barrier coating is present on both surfaces of the web.
-29 25 June 2004 WD 01/54988 PCT/ US01/ 02777 33. The method of claim 22

wh i h b h Shef.,f d h f | b 300 SuU.
S Tho mothod of ol HnTaSmeEarslanZRhetR S e ioh R el GRS W40 "o b1 ¢
a Sheffield eﬂﬁﬁﬁtamlmmén@bﬂhe@%fa@lfaasttab%Q@a.c@Js@@@ld HRemBmbR pekuigr t her

conprises printing directly on the surface. . The nethod of claim 22
further conpoempiisey printingidirgetlly owttel sprface.a surface of the web to be
positioned on the exterior of the container and wherein the surface that
carries the printing exhibits a Sheffield snoothness of at |east about 300

SU and a PPS 10 00§ AngfsfcAlittaifl B AHGEAsiritnind Sirebls olf 5L MO0 O

claim22 wherein the turni conprises from a out % dry

basi s expandaifice ofitkhs sthfbeposn&ized,%nrmé breribosf the koriginaandSheraingHe
paper board-based cup having a sidewall and a bottom which conprises
provi di ng asﬁwﬂb@quﬁh@pﬁ@mgﬂhﬁmsg Fheffield smoothness of at least about 300

SU and a PPS10 smoothness of about 6.5 microns or less.

36. The method of claim 22 wherein the furnish comprises from about

5 to about 7 wt.% dry basis expandable microspheres.

37. A method for making an insulated paperboard-based cup having a
sidewall and a bottom which comprises providing a paperboard material comprising
a paperboard web including from about 0.25 to about 10 % by weight dry basis of
expanded polymeric microspheres, a caliper of from about 24 to about 35 mils, an
apparent density of from about 6.5 to about 10 1b/3MSF/mil, an internal bond of at
least about 80 x 10-*f-1bf, and a Sheffield smoothness of at least about 300 SU, and
a barrier coating on at least one surface of the web having a thickness of from about
0.5 to about 3.5 mil, forming at least the sidewall of the cup from the web with a
surface of the web containing the barrier coating facing interiorly of the cup and the
other surface of the web facing exteriorly of the cup, and sealably joining the

sidewall to the bottom.
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a paperboard web including fromabout 0.25 to about 10 % by wei ght dry
basis of expanded polymeric m crospheres, a caliper of fgomrabouiggd to
about 35 mls, an apparent density of fromabout 6.5 to about 10
| b/ 3MSF/ mi i.nternal bond of at |[|east about 80 x 10: - | and a
Sheffield sr?oog{gﬁdﬁgss of at |east about 300 SU, and a baFﬁ’&?ox’%ﬁqﬂi ng on at
| east one surface of the web having a thickness of fromabout 0.5 to about
3.5 ml, formng at |east the sidewall of the cup fromthe web with a
surface of the web containing the barrier coating facing interiorly of the

cup and the other sygf n&fu] i.nd. (Xels of the.cup, and
sealably joining t hegg's?ggwal &dﬁcﬁ% %ﬁﬁp%n%gg&ebgmg§%‘e§56§1%081/ 54988
PCT/ US01/ 02'both &ifits sTinfaceefabing ietericilypand SfieMbdy of thelddg. Web has barri er

coatings on both of its surfaces facing interiorly and exteriorly of the
cup. 39. The nethod of claim3 8, wherein the web has printing on the

barrier coating on t rface pasiti d.exteriorly of the cup, 40. The
met hod of claim 37, 9 'e?le%? H‘eﬁf?é'?(ﬁ lwggsh?é?’hﬁﬁ‘?? hfrw iH‘iﬁ‘t‘_ngr‘i’F‘ﬂ"%n its
surface facibagidrebfigdn the ShrfhdpditRdnedxleheriyePRaspPri nting on its
surface facing exteriorly of the cup. ‘

40. The method of claim 37, wherein the web has a barriér coating
only on its surface facing interiorly of the cup and the web has printing on its

surface facing exteriorly of the cup.
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