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{57) Abstract: The invention provides a low density paperboard material and associated method for use in producing an insulated
container, and is especially well-suited for making cups. The paperboard material comprises a paperboard web including wood
fibers and expanded microspheres, and has a relatively low density ranging from about 6 to about 10 1b/3MSE/mil, a relatively high
caliper ranging from abeut 24 to about 35 mil, and an internal bond strength of at least about 80 x 102 ft-1bf., preferably at least 100
x 1072 Ifi-Iof, For applications such as cups the material is also coated on one or both sides with a barrier coating, preferably low
density polyethylene, to limit liquid penetration into the web. The low density paperboard material of the invention is convertible for
manufacture of containers, particularly cups, and exhibits insulative properties comparable to bigher cost materials conventicnally
used to make cups. Also, the surface of the low density board may have a Sheffield smoothness of 30 SU or greater compared with the
surface smoothness of 160 to 200 SU for conventional cupstock, the latter having been thought necessary for adequate print quality.

However, it has been found that the low density board exhibits good printability on flexo printing machines despite its relatively
rough surface, which is surprising and bonus effect realized along with the insalative and other properties of the board.




container, and is especially well-suited for maki ng cups. The paperboard
mat eri al conprises a paperboard web including wood fi ber§5a5gn8x5g8ged

m crospheres, and has a relatively | ow density rangi ng from about fo
about 10l il, arelatively high caliper ranging fromabout 24 to
about 35 S#‘%ng%@ an internal bond strength of at |east PIOFOY%E3 7%
10[err][err] ft-1bf., preferably at least 100 x 10[err][err] Ift-1bf. For
applications such as cups the material is also coated on one or both sides
with a barrier coating, preferably low density polyethylene, to limt

T guid penetration intor by MAlSITHBAPRNEISARD XRifgepEgoard material of the
i nvention is convertiblefor , particularly cups,
and exhibits insulative properties conparable to higher cost materials

conventionally wused to make cups. Al so, the surface of the |ow density
board may REd? QFSREEMNYENEIRNt hness of 30 SU or greater conpared with the

surface snpoot hness . . 0..200. SU for conventign cupstock, the latter
havi ng been t hought qﬁlhé%ggglé%y%golﬁ %&8&%‘? Pridety F?R‘%‘ﬁ‘%ﬁ&éﬁl‘?“qlt has
been foundapgirhtiéhSerif) s G0AI7R)2 110AT I8P DES20900d printability on flexo
printing machines despite its relatively rough surface, which is surprising
and bonus effect redhivinyenfiamrglates genetadlyi todhé ptdduetiamof atibles fonopert i es of

t he pboard. , 25 June 2004 WD.01/ 54988 PCT/ USQ1/ Q2777 LOW DENSI TY PAPERBCARD
ARTI%LES FeASEY dpepet@n WERFHO@N‘S W? §°dﬁﬂw‘li‘t€gt% e$ dnadec Biereiramt avth 9 n- part
of copendi fghiPRIQY IS ' j ﬂp 38:/ /8. 214, filed January
26, 2000. qjﬁ}ls 1i yﬁt@h@?%curfgﬁgédggﬁggﬁgfgﬁw (e)J-\?l‘hdeI§ reéb %f: ‘ion of articles
fromlow 5 density paper and paperboard and to insulated articles nade

therefrom_and in articular, relates to cups nade of |ow density paper
and paper G%Q@E@MDS&WTHE NRWENTI ON | nsul at ed cups and

cont ai ners are.vm'del ed for servjng hot al col 10 hever ages d ot her
food itenms. Such ar th}{%‘llllaztgéjﬁw o] cﬁﬁ{?@%ﬁ gﬁ]\gggla_rqsﬁ;orcﬁewm E?ti %%500%1

i ncloudi ng peleyipey BRTGthé0BBY itekas DS RHR I8N EPHE AbAERSm ARBe i alaNer ed
paper - based containers such as paperboard ‘contai ners containing an outer

f oamed | ayweludingrlystyrasefbaoy doubleevalled centeinesnambineltidingered phpertbased

cont ai ners nmade frogfhé% rene- b({i\sed .materials because paper-based materials

are gener afqAIRERSU H?eéb‘fa_é ceRpECTS RPntaRIBs £ Qs degneditayee Barprhave a
surface nnﬁage@gﬁﬁtgfnggl fﬁ'gto?teﬁ rﬁ&%'d@ﬁraﬂ@%ﬁ%opfa@ﬂéﬁ}r& hiah@ )fr??@}eglgrfi%g%?ﬂjf act ur e

mul ti-wal | ed paper-based containers are rela y expe e:\

conpar egl tmateaiblsbeyausoparcdpdamdianferialk hietleferaBP thodd Aenabf 0 9écyRling atd

conpar abl e
5 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
20 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

25 into a papermaking furnish which is then formed into a web and dried. The
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i nsul ative properties. Paperboard containers having an outer foam

insul ation layer are generally |ess expensive to produceyéhah.. 5¢

doubl e-wal | ed containers, but the outer surface 20 is |ess conpatl%?e W th
printing. have been nmade to inprove certain properties of paper by
incorporaf@%éﬁgg%gnded as well as unexpanded nicrospheré§“WFPH&ﬁTﬁhe paper.
For exanple, U S. Patent No. 3,556,934 to Meyer describes production of
paper products for books, nagazines, and the |ike wherein unexpanded

m crospheres are incorporated 25 into a papernmaking furnish which is then

i cr ospher 2cto¥HRxEUipinld Gfanifo brdined § Mect R4 1o oyt mp il slilbessabd
stiffness aatiper.c Movaer, thio ateritiRalsI%ith PSRy HRAbSsivwellht ?hﬁériﬁb@ ly Iow

basi s wei ght %aper.not suitable for insulated container manufacture, nakes
no menti onswiabigster isulakest gongrinertmaniufachire, makesiracmentéoncif usa pbiheqaodict

contai ners. having insul ative.properties,. and gives no 5 teaching as to how
such a pr OH{}@F “@gﬂfaﬁﬁ‘ﬁ %&WE@@O @8*‘%&“? léavé'ilﬁaig‘fs'éla%%‘“ep%?efflﬁ% apd giygeno
fabrg cat i ngabiiaghedd HoR GRALP: HREs | inaly,
there conti %uesgto be a nee? ‘?tg{"?%%g‘gtr}?g‘?gg ngtaag??%%glé%%ﬂéﬁ%\%ﬁgood

i nsul at i veinpfabrieatingdssdativewlohtainesaisuchas pupdaekitie tikea conpetitive basis

wi th polystyrene foam based articles, 10 SUMVARY OF THE | NVENTI ON. The
present invention i S EPrdinglagthess gontinges éo deta/nesspfor penercbased spaterials or  use

i n produci pgl. | . ' ch .as,. [,.cups, | eneral ...t he
paper boar d@vﬁ}%{}g& lrél'L: %ng (1)1%%?4&1?% 3’ %a"seﬁt zcléeaf"go 1§ﬁ \%‘b b% R g(fduf:?ﬁ@ P'g GSOMBEHtY e d
m cr ospher bgsiewith palsirdde foasitas¥Ea@iblessui t abl e for manufacturing an

i nsul at ed contai ner such as a paper cup, in which case the board

prel®rably has a basis wei ght ranging from about 200 to about 220 |bs/3000
ft.2 (3MSF U] Q%Rg? ',g.\%:E | according to the invention incorporates
from aboutg . %J .Wy basi s) expanded m cropheres and has a
relatively |ow appgheitesd@istdnyioh ' .

b aNee Lo abpan gtﬁsvel Thentio RHeBRd td PBWARAY SapOrtioRr ARt 0r

use in producing insulated containers such as paper cups. In general, the paperboard

material comprises a paperboard web that includes expanded microspheres and has a
15 basis weight suitable for manufacturing an insulated container such as a paper cup, in
which case the board preferably has a basis weight ranging from about 200 to about 220
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 high caliper ranging fromabout 24 to about 35 ml|. These properties are

especially well-suited for board products used to manuf u u
particularly cups dinmensioned to contain 16 ounces of fﬁ%lgdﬁ‘?ﬁl%tlgé%l base

di aneter = | nches). However, it is to be appreci ow
density pa‘gérn o‘é?dd according to the invention may fi ndaéjﬁ??%ﬂg@}liﬁn a wde
range of applications and product di nensions where 25 properties of |ow
density/ thermal insulation are desirable. In cup applications where the
product is intended to contain a liquid, it 1is preferred to include on the
surface of t t79: gt iy I ar | s e
3004 w0 o1/ SIRaRRILEblRLER N AGlse dtiqulditihg iR %‘f’“ﬁ‘i’k?‘n‘éﬁﬁ%@a‘gé’ %lf&ﬁ%ﬁ?d

i nto the boasddtindid mefedredSot thisgqmiryetehyl ene coating is preferred for this
pur pose. For cups and_containers intended for heated fluids, it is

general |y only neces&§8F gursandsoptainggs tigrdgd dopheatadllpidsitistgsnerally oaly on

the inside o ' f i [ (1 ' 0 old
e st o lecknARUER e bR ohifa BHCUAE ol b de o iffeind O
paper goar d afog efiitled Guids (1.é1ecddr @Ol dRinkyy wikre ohRec@denaiidn id £ieshe, foeges of
density and cal i per destined for cup manufacture, it is preferred that the
board al so thswdassd. so as to exhibit an average (i.e. average of M and

CD) int | bond 10 st t f at | t about 100 10-3ft-1 bf. .Thi
T e b oo o Fob Stk et aftora G AY Sent oy siah iHecipieasaipRhg

necessary i nagbdejrdbialy ahiSallls H&tiﬂ@&’f&?%uﬁﬂﬁﬁﬁﬁéﬁjk@, kt¥s prefp iR the ohRy Cup
shapes and sintlar articles thout signiticant adverse effects caused b
t he convertialsp bpforakd coas tofenhitgt srhaseagedieraveragt bEMI3 amd €DY dateral behd

"buckl] es” which can appear along the height of a cup during the process of
cup i i ng strsesth ofeat &@@Hﬂ%&lggﬁﬂl@d W‘H’@Vblﬂg'ﬁ%almgﬁogﬁﬂ'ﬁﬁwﬂl i ke

def or mat | 0D al Akt s BEARRSHALONDHh BalARIALLd:0 £8) I0 BuSHRAI) |-

Q her factors _ ) uence de oprentof _

conversi on ogmvaitedinto du?@hé&@aﬁd‘sﬁmﬁlﬁi A eleOwitARR kighiTtaktAgveoedfifas usal t he
board and the weight of the coating. Thus, for conventional extruded

pol yet hyl eneby thatdongerting operations. Among these adverse effects are so-called “buckles”

y

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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20 conditions (speed and weight) the 100 x 10-3ft-1bf m ni num aver age

internal bond is believed necessary for proper conversi y@i! ring
t he extrusion speed by 25 percent bel ow the conventi onaf)@%pee gzré@)’{\e

i ncreasin at weight in the neighborhood of about_50 percent above

t he convegvbgﬁﬁ‘ﬁ%&/\ei ght will ordinarily allow a corresppoqélitsﬁﬂmﬁyduct fon in
the m ni nrum average internal bond to about 80 x 10-3ft-Ibf. 25 According to
one aspect of the invention, the uncoated | ow density board surface has a
roughness substantially higher than conventional cupstock on the Sheffield

snoot hness s | L] | Si Y | I ipnt -3
25 June. 20040} s BhsPtde RishS 73 or b Bt o B RRRE NGBl
operation. Tiause ifvehtion syiRiblefor copmalans) thy uhesitel ARf0E dF i bdafd bXIfbits a

i nvention suitable for cupnmaking, the uncoated surface of the board

exhibits a Sheffieldsimpothngss nheidsasyiabent 309881 ando BPS B0 e8ootindssaat PRPYEDW
snoot hness at 8‘?1 el ow about 6.5 mcrons. 5 The | ow density board of the
i nvention i s2ROBhPrdBEEPSwi t h conventional cupstock which is cal endered to

provi dg, anong ot her RGOS d -wr&' EnRie6ish by cdnft : -12
| b/ 3MSF/ m |, a nuch | ower caFli?Spl) rin lt) e@rﬁénge%f%zg %Stkfh%é%&%gemmﬂ
associ at ed ralpatack edhyclsispaleidesed tbpeevide) aidongothey things, & ch Aipghet daBy (0

about 200 SU, believed necessar/y Jor acceptable print quali til. Thi s_ hi gher
densi ty/ | owethe O5fsTE L 1tgdb MBE ik armuchdopigs calirer imhihe sargerf 20vily and |

conduct | vi ¢y Shil IR cHORYA, GhoSor BB SOREange T3 TR 16b % BRALBEH stPPect

the i nvention provides a |'ow “"density paperboar

mat eri al sui beliewed heRessdBot dtcpptable printqualiey I THisH gk dbmiityAbweSsitipeFfoard UPS -
The net hod includes providing a papernmaking fum sh containing cellulosic 15
fiber¥ and hasdhe gffeat o inzseasingatbe uhertrail “ohguokiwity raf the pobuk(is.,edasesaseb| e

m cr ospheres r ef e)rably fromabout 5 to about 7 wt.% form ng a paperboard
web from th@s‘@%‘a—ﬂ maki ng furni sh on a papermaki ng machi ne, and dryi ng and

Ca srder g 11, Vb, 1RBugPIgCel pdSs o IR BBt K 200
| b/ 3AMSF/ m |, dawily papeaboapématdrial sidtsbRiforitiseldd producing insulated containers such as
cups. The method includes providing a papermaking 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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20 to about 35 m |, nost preferably fromabout 28 to about 35 ml|. In yet
anot her aspect, the invention provides a nethod for naking ag ingﬁhgted
cont ai ner such as a paper cup froma paperboard material. TheURet

i ncl udes providing a papermaking furnish containing cellulosic fibers and
from about™OBS%8 o about 10 wt % dry basi s expandabl e mP&I&SﬂH@?-QS,
preferably fromabout 5 to 25 about 7 % by weight, form ng a paperboard web
fromthe papermaking furnish on a paper nachine, and drying and

cal endering the web to an apparent density ranging from about 6.0-to about

10. 0 | b/ 3VBE/ ni: apout. 10. 0. | b/ Boal, 4 June
2004 WO 01/ éﬁhhﬁfﬁ%ﬁ%&%@%ﬁ?ﬂ’é‘°c%°%éﬁ’ "Pgﬁ’gﬁfﬁrégpr%?ﬁ‘é’ggﬁdgﬁ pgutAout 35
m |, prefer ail \anfisiteapbstid of28lehf aBH@E0 3003 fIYF, préferdbl 810k sl d00% 181

| east about 80 x 10-1 ft-I1bf, preferably at |east about 100 x 10- 3 ft-1Dbf,

and a Shef f i’ &-f.cuxd o Shefishd smhoathness ofds ovabwisabout300 SHanditherenfer oanhing
formng the web into a container such as .a er, cup incl udi t he

paper boar d ﬁg%wgly "}Q%Q§me‘151rer S‘g:%t%@ PEPH SRR ’Pdﬁaﬁ"giwfg’?r]’mﬁ&j&'ﬁg% leagb &moar d
webs gade aggrosidiwa %&-ﬁbh%fiﬂ{év tion exhibit increased insulative
properties conpared to conventional single ply paperboard webs and are
significantly | ess exPgrshosed twebprmatiecaccotding mallthd ilveygoe dxhidhenbeased

products or , paperboard products_ containing a foaned outer coating. The | ow
density papdnsiaive propsrtieseporapargdio convicational single phyrapethward,webs aptargnd

ot her insul Lhe nvent | I I.,ng _equi nt, with
o " oL SRk TGReBlve SO MEREL IR pRSPRAR PR T e anc
ot her irreg tph?«srbbmspmdhctmnwmg hifbalHePHREPEIBNE. The KRV dERRY PagerBbadine
invention is the use of expandabl'e m crospheres 'n the paperimaki ng furnish
and a0r esul maierial enay ithertfore bev ademeritedy inte ghps ahd pelner biosulated ontaimdraioni ng
t he expanded spheres. Although.,the presence of mnicrospheres in the
paper maki ng PRYFRICRAIRERFSSHERCA RGN imitvpel loss iy MachibesPosthandatpduced
properties It L2 cort gl . lL.cations, it
has now bee(r?él}dgg%m{]ﬁgjﬁi bﬁa’%%%ﬁ%‘ﬁl&% %hﬁg%{élrtﬁgpgﬂgg%ﬁ@eggﬂing t he
i nvention, the resul tAnkgy iemind ofthe ineertivpads the useoflmgiaiti)ﬁﬁblé Riicrosshvrey iner s

Y

such as insulated cups. Wthout desiring to be boun
the papermalging furnish and a resulting relatively 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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20 theory, it is believed that suitable insulative paperboard products
havi ng strength properties required for cup converting oggrgﬁhgnﬁoagy be
produced by significantly increasing the caliper of the nateérial ™ an
decreasing_the density (conpared to conventional board products) while

mai nt ai ni %3031"?43?8& ively high internal bond. 25 BRI EF DE%@QJWP:&){? OF THE
DRAW NGS The above and ot her aspects and advantages of the invention wll
become further apparent by reference to the follow ng detailed description
of preferred -5 25 June 2004 WD 01/54988 PCTIUSQ /02777 enbodi nents when
consi dered ig, ARG LD a&%ﬁ)&m [ ] ' lLch: EILG |
which is a grap |lcal%re!(f-)grille(\é&éltrslitaz‘ajteiragirﬂ1 0 m'ﬁﬁxrﬁg} %ﬁ%&g@@é@gﬂgg}ﬁﬁ%ﬁﬂg%%m of
time a cup owhichi ni ng 190F water can be held; 5 Fig. 2 is a diagrammtic

view in perspective of an insul ated paperboard cup nmade according to the
invention; Fig. 3 is &l@rbyhideista gaphicalirepyesantationnfi walbheat dyxgfergus the
paper board cy na accordi ng.t.o I nvention:, Fi.g. 4 is a

cross-secti ona‘!“‘“"k;l0 \%mgfa %lpccgﬁ%éwp_gggﬁoge‘fvﬁ@éﬁ% dolbfflf’om portion 10 and a
side wal | portion of gigoQs 34GRFMMALE PicW IR pefp8itivedTan M Dpapericard
cross-sectional viewof a top rimwall portion of a cup according to the
i nventi on. DBEpAhadexcDEE(R PThOMVERIGBREFERRED EMBODI MENTS: 15 | nsul at ed
cont ai ners such as cue,;%g’;.e Wi delg/ used for di spens hot and col d

. i n,
beverages. Paperboard 18 A CFPEvsSaRFoRAl e W of g1 sl H@“‘i%aﬁra rapeeheapt eun de

acceptabl e i ' | .however, the outer layer is usually a
f oaned therrrn;iﬁ)p %‘%W@%ﬁ’ﬂgﬁiﬂegﬁ?%yer whi ch raises the cost and is

difficult to print. Cbig 4¢ed @dss-sedtioniividweofaadohfettionberiarahbotomipditii@ S
al so &e(ner ally provide suitable insulative 20 properties, but are nore
conpli® and adFesids wall pertiparffasupaceondingioshagventginy and ont ai ners. Unti |

now, it has been di ff@FcuISt.to roduce an_ econam cal .i nsuf at ed
ig. 5 is a cross-s€ctional view of a top rim wall portion of a cup

according to the invention.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS:

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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cont ai ner made substantially of paperboard which has the required strength
for convertibility, exhibits insulative properties, and son 1zlai ns @ gurface
which is receptive to printing. 25 The invention provides a ]il?rp% Q/ d | ow
density paperboard material having insulative properties suitable for hot
and col d b¥Q8V3¥§¥ contai ners, and which has the strengtfTP8UE T es
necessary for conversion to cups in a cup formng operation. 6 25 June 2004
WO 01/54988 PCT/ US01/ 02777 The | ow density paperboard nmaterial is made by
provi di ng a papernmaki ng furnish containing hardwod fibers, softwood

fibers, or [ .| ] d
paper maki ng g?ﬁ?s%ﬁ%bgp?ﬁ%g&?é %ﬁ%&ﬁ?%gj %gﬁlﬁ%ggag%rceﬁgeﬁgﬁ%\gi ght
dry basis hasstainath hirdeood Bbeky, aafaodt fibdds,t 6 akeuibirkdionasfoleriwbyd ahdwei ght
dry basis softwood fiber. Preferably, the fibers are from bl eached har dwood

and sof t woodofkwead fibgssi| 4 prefemed pansrmaakiag Sanisbcoatains frampabau 60 to hors 30 o
about 10 percent .by dr L ght asi xpandabl e. m crospheres, preferably
"o an unewp BraEt trutiet i L padRad oper SR Ao Puc R AB S B BT T orn
about55 to ghauk afy PRICRRWIY it ght of the furnish on 10 a dry basis.

O her conventional” materials such as starch, fillers, sizing chem cals and

strengt heni ng pol ynerPrefeeably|the fibersiane frodebleachet hardvequer andksofigvdod rkpafs h.
Anong the fillers tha e used are otg(?ani c and inorganjc pignents such

b
as, by the Ralp- ofhe @%a-%lbglggéﬁmyi,nspfmrwbw pate pausd Ongegent By g5y Yistght ene

| at exes and a .M S '

|2t exes. andpaRPLTRLNL BB bRl T R RLe Byl Y etoly
expandabl e meqmmgnéx%cdxﬁpmrmahlbom 5dg alduit D perceh iy Weighidfehe funibh &n
Patent No. 3,556,934 to Meyer, the disclosure ofwhich 1s incorporated by

ref ed@nce a8 dry basig. Othergonyentionaloaterials seeh assitreh ciifran sigingchemicaloapher es
I ncl ude syntheti.c resinous particl.es. i eneral.ly_spherical |jquid-
cont ai ni ng. SEMEen RO EEr R ncbed e BEPFRAURE ASRo (iigme the
met hacryl at g1eRGnaELEY be WA RS & i§1an9|riﬁ(§}85rﬁ@ RSty §&RGs, by the way of

pol yort ho-chl orostyrene, polyvinyl benzy
example only, polymeric particles such as polystyrene latexes and

polymethylmethacrylate, and minerals 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.



chloride, acrylonitrile, vinylidene chloride, para-tert-butyl styrene,

vinyl acetate, butyl acrylate, styrene, nethacrylic acid,-vi b. I

chl ori de and conbinations of two or nore of the foregoin%? éﬂx%eggé%
resinous particles conprise a polynmer containing from about 65 to about 90
percent by vinyli dene chloride, preferably from d63UE"ME785 to about
75 percent by weight vinylidene chloride, and from about 35 to about 10
percent by weight acrylonitrile, preferably fromabout 25 to about 35
percent by weight acrylonitrile. 7 25 June 2004 WD 01154988 PCT/ US01/ 02777
The center of the ex LG #E% | . | fd uj,d

f oam ng agent which F@ﬂggg#gfg%@fgﬁo éﬁ?g veﬁ¥8§%gﬁﬁﬁgﬂ%ﬁ%%ﬁg%ﬁkg%#%. A
particul arl foanﬂhgﬁgdm%i&lﬂamdf&aa@eﬁm al shlveROfor ti WolyhbiCiesinB A petipilegent in
an anount ragglng rom about 10 to about 25 percent by weight of the

resi nous papreferreskioamingngaptds isnbutane whghmesyhermaesgntinjan ameant zrangimgdfonir om
about 800 to abqut 190" C.in the,dryer, unit of. paper.npki chi.ne, the

Fesi nous. palPoiEigdo RuAT REgtett by pcehtiot e Geingf PERF RS0 POnGiatig obout 50
m crogs.  CoORRERAaRAln ! AnBE 8P 148Bul SOl Bt DIOBAC th Mo Tl drnkilg or AN
the |1 ke) and papernmaki ng processes may be used to form papetboard webs
fromthe fupmpesinakingnadhine)ythe resimoas paicles expdnditbe diamvtertranging fronhatiout he | ow

density web containing expanded m crospheres is preferably produced in such
a manner as%doaRAI0MICIeRsni num average internal bond (average of CD and

VD internal bond) i n Copliehl Al Wdbliakbi(dIBEhEIIEtnAF0RYNY BT difiGs eased

caliper in relation to conventto paper boar nsu ve

cont ai ners apCPapRPmBKIAG prévdies mby Belised €8 tbrmi fipefboafd Aebs fdfythe Miulishar e
aware 15 of various neasures that alone or in conbination may be taken to

i ncr dise t hEoweven; prg featyomefithginyentiongs thapihe pew density sfebraptiniogexpandbd for a
gi ven basis_wei ght. Thes I,ncl ude, . .but _are not lim¢ted taq,.increasing the
2 1 on of TGOS BhsERsG DLy Prodifed I mage s B am i R AR GRBE by o
2o - SN GIAUAIG e ren/aRlRtas i LGN, bbb
pol yacryl antelesityfand idcrgasstircatigehin reldtioa tbwonvahionanpapestiand) uddeto ke ng of
the pulp. ainn%ulative 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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I ncreased pressing of the wet web in the press section of the papernachine.
In addition to inproving internal bond, increased wet pressifig.abs§fa
reduces the noisture in the web and allows the paperboard to be dried at a
faster sp ot herwi se possi ble. According to the i ' it is
preferredaﬁﬁgpgﬁgﬁsures be taken 25 sufficient to nainfgﬁﬁﬂéhﬁgﬁﬁum
average internal bond of at |east about 100 x 10-3 ft-I1bf. These neasures

are preferred, at least in regard to cupstock carrying a conventi onal
wei ght of barrier coating applied in a conventional manner on one or both

%f n: tnSJmBi ﬁtS e#g?estz) gﬁ%’e\s@%’ %@ﬁ%ﬁg;ﬁ%&%gﬁ ‘i‘é({’g%l%é étr}rlgwg&? %?“’W‘ﬁﬁé‘ﬁ'i%vf‘?‘gf

wei ght  bar r ithé heaidr wegisht Baiet eshtinlgs iifticiacitie triddlpebparsidofthelonvenogat i onal
0.5 to 3.5 ml range of coating thicknesses. For exanple, at barrier

coating thi dkhteskemil rangsqf capidng thickgesses. Eorgramplamt bamier pedtingdhigkegssesbout
80 x 10-3 ftslbf is helieved 5.sufficie for .acce bl e, verti

per fof nance. RS 8b0Y oot il B mpiE g Ran ond of BBFETREH, 7 IR befifhere

or der 50f abaytficient I8 G6dkptabld OWVeftflgtpatdRan® AR, tkefidin BRkirusion

requi rement to about the sanme m nimum | evel. Anong the various approaches

f or i ncr easiprgceasieg sppedimtheonddr obabroalf 25 percerg apows milavation of the aaeqnhl sindt he
desired increase by increasing the refi r]i ng the pulp 10 furnish,

i ncreasi ng tTREMFEIRAIE tQ,3bquy, e IANYRPM 18¥RY dry strength additives, the wet
pressing of the wet wah duri ' . I shi ng,
and increasing the am)uogl# %?g%@ﬁg?h@égﬂ%tfhg}n%ﬁég \é‘?iaggg’%gg%ﬁ?‘?ggﬁ?“gi E‘l he
surface of tihgr¢fapad to ¥ednisish shel deredfiatresctipintreadingtihe réﬁxiiﬁ%lt]@éiﬁui The
i ncl usi on of expandabl e mi crospheres in the papermaking furnish in 5'5 an

unexp&nded Stenish, fingreasing tierleve! off infasngratargh tand dapstrength additbies.ythofwethe
resulting dried board. However. it has been found that reduci t he

densi 1y o PIBPBCSh e et YR lrns RessrialR fo PR e s 28,

af fects the jfQuN@d ihBiahicuiit Of stdrBEaRPGHEr mbiFifls GHPiFeddd thOlubBbe GPME paiar s. 1
accordance with the invention, it has been determned that |ow dénsity

paper boar d pvehoasas dons) ibvreexaimple, ak{harstkegdress.cr opheres 20 produced in a

relatively narrow ran%e of densities and calipers_.in conjunction with the
he inclusion of expandable microspheres in the papermaking 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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above-nenti oned increased internal bond provides the physical properties
necessary for processability in various converting opera&éqﬁé%esy@@4boards
exhibit significantly inproved insulation perfornmance conpared to
conventional cupstock and double- walled containers and provide |nsulative
propertie§w98Wﬁ§”able to containers having 25 a foamed JHESVNE at a
much | ower cost. For exanple, |ow density board according to the invention
has been observed to exhibit an R value in the nei ghborhood of 0.0752 ft2
F-hrs/btu conpared to an R value in the order of about 0.03 ft2-F-hrs/btu

for 9 25 June 2004 0 988..PCT/.US0L/.02777 t j.0nal ck. all
Lhe whi Te esAETTORY BSOS AL PV PRyPRE aePR OBy pRRRIE Brind
ot her advantq@gmg,5 anldMfier ddVam@gey dance with one enbodi ment of the invention,
apaper board = web cont ai ni ng expandabl e m crospheres is dried and cal endar ed

on the papermaki ng Slhusciniaseordancarwitipgreresbtoddaentiof theinvegling, afpapenbesndut 6. 0
to about 10.0_ I b/ 3MSF/ mi | a.caliper jin.the order. of fromabout 24 to
bbout 35 i [MebeoniiiRg FrRandatls guct ooy s died pnd Caletsee e PR AR B Do

m crogpher es, the i | B 4qom a
pul p gnd/or%?ébc‘rmrldl%gﬁQrt?:':a at%’gq?n rrggglhg?)% (Efg%ﬁggt?ﬁég\%\g%ﬁ? gb lg};:()’hl i?ﬂllazirll1r

aver age i nt er¢ulipebiintheafrdet of fomt atwnot t8Gaboufl 83 nifil.- |A3f ddsoribetbatveethel | y

coated 10 board (i.e,, above about 1.5 m | up to the nmaxi mum of about
3.5ni |) and rasulfing; wieb £9ataining gapanded: micraspheres fyferspesed gmongrthe iffery i

coated board (j. fromabout 0.5 tq,1..5 ml). aper.board we tai ni ng
xpanded m drefeiRly oIS R ia 8 ehdior o teats PREHE Bl s oG
ranges or, 'e&hiﬁiﬁaﬂ!aﬂeﬁ%@ﬁ&erﬁﬁ‘ﬁbﬁ@o% 1da3t o080 0 PHEh-RSF M SR PidhviBLostel03
ft-1bf, is not believed to be suitable for use in formng comercially

i ns ullgt eddc thosrd (1.6., Ebm/ewlbpgtrl SHoihep 1fodhtzI maginoah ofabrouit §.5sw])end etileess abewvi de
Bt prent w08 ol TaY avsrageclor gty Fested Borsd e Remavont (deS 155 ne. o
ot her physi cﬁher@ﬁ)mé}:{ ﬁoéﬁ?@ﬁg%gpm%d iEr ésazﬁ{dtifa‘?inlg sitiﬁﬂ}ﬁi da¥ipers.

paper board webs accor he" T nvention al so preferably have a mninmum

20 tensil e shutsidegthbseaangtstop)ifimithih thym] Biyihg & nelaaicbohddielolv aouaBOwt1030
| bf /in, a m ni num :
fi-Ibf, is not believed to be suitable for use in forming commercially insulated cups.

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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value for the average CD stretch of the substrate as determ ned by Tapp
Standard Test T494 of about 3.3 percent. It is an additiopal, gag bk of
the invention that the | ow density board has a roughness of at "|'east about
300 on the Sheffield snoothness scale, while exhibiting 25 conparable
print qualWP§¥34883 flexo printing operation. The print aB’quI"{SQ”?r}F""t he board
IS quite unexpected since conventional board such as cupstock is ordinarily
cal endered down to a caliper of about 20 m!| in order to achieve a surface
snmoot hness (uncoated) _10 25 June 2004 WO 01/54988 PCT/ USO1/ 02777 generally

in the order f 0 0 re-cal endere
snoot hness i e&%ﬁ%% grg}rg%)&%gb %éﬁ)&% %ﬁhg\bi 28 ?tg ea(l:J g‘é{s %‘?‘{x gﬁo&mg% %e}%? hc%[%ggfﬁ'elgnt
qual i ty. Thyfmoothiestih@Reek ofg00 BE)) Berévddecdsharyi for aibpabledRib qhalitg. cal i per
ranging fromonly about 24 to about 35 m | (preferably from about 28 to

about 35 mil) and a Tigsdiereslenderig the beardobthe isvedtiondown tn a cadipetya8SIBE/ i |

f bly f bout 5 t. 10 b F/ m| ' tivel
Fough srf aSEmhE RoL B BrRel o SHBraHELY o abal AR A5piknotl) S04SU or
hi ghey ( or dlaeasitylof ffonP B 8'0'to 38816 1GBRISE/ AR preklre Y fronPatidids 1o aEBIR! Nness
| ess than about "6.5 mcrons, a surprising bon efrett 1s observe I n

terms of prildti3MSEMmiDVeaviamd ralatively trbagl sinidcatliaomgva Bheffizhidsmoothness
convertibility of the 10 board for cup manufacture. W thout bei Pﬁgbound by

theory, it f&nagateirofabopti00 SY/ prhighen(prdinasily fiem aheut 220 te aheut 356 Awnd t o

its relativel | i | t l. I I.pr oy ernf ormance on
flexo print ?r%) lsﬁggﬁfﬁg'gl?gsi%%rtre%%bgﬁ%%g\%’rlgr\g P%%sns ﬁ&rﬁ?n@éa%uﬁg@%etgs&bggggﬁg to
the inventi giterhs ofpAAMbA L YviRhld fdve e ndhlaflBk valte GHO SohRAibIliBOM the good
thermal insulation properties. 15 Such cups are ordinarily made with
cupsi@ck t hapaidnfor wipsmanbfaciurer Withoutnbeing) bonad dy theoty, gt debelic®ggsthe
designed fo cof f ees .and ot her_heate

maceri ol goRERGPIS RL4u perd 1§ APEDlSP y SR AEHEY el AemetsHadey, ghich
cupst ok SoCaIBhrpred RS OISR RIS P oot Ty b
printing indicial deshgmnsentippdd prbvibusBe tboyrdt maté acsudingcte. the rinvelfliontie
assenbled ¢ g?ﬁec}aﬂ?f “(r:e?l?éuei}t%d ?‘ci)rdrgakiig g gl.[prset‘l?a ?gquiirgtgg{)(ii t?arelrr%/lél 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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Cups designed for cold beverages are ordinarily made from cupstock coated
on both sides and any printing is applied to one of the coating.!sygis.
Accordi ngly, cupstock according to the invention for making t%ese products
may be Dbarrier-coated on both sides, with the non-printed side arranged

i nteriorl YOO s 25 carrying chilled beverages, the S48 Harri er
coating hel ps prevent any condensation formng on the outside from
penetrating and possi bly weakening the board substrate. Any suitable
barrier coating nmay be used to conplete the product for - Il 25 June 2004
WD 01/ 54988 . 7 ' i e ' | at.ed cont ai ner
such as a cu%g%y@golé%ﬁa ﬁzl(%{/rvﬁ%%@:é@iégaﬁgﬁ%‘&egﬁg%ngesn%%dﬁ i‘?ﬁ@‘i"%ﬁé"h’s‘]@s‘%%r
many such prglyahelesdisbatings e Q& fop thahP sudtSsrollicts AT ark prgetdPRr uiFhal and
synt hetic chem cal systens such as starch-based coatings and pol yvinyl

al cohol - bas cversian; naturakand syrdhetipechemichl systoms lsuetsagstapeibaca! catingnarsd 5
cont ai ni ng i nQrgani r .organi c pignents such as clay, carbonate, and

| at exes, soO R%nﬂaécm%a%%o?ﬁ ggl??"?yi @?‘é\ﬂjf’ ‘ES‘? i &gﬁo?s Bigmepicd aUngs es
for t I nt ; | - b g‘iﬁ’?&é Y, |

conve%i ona%%ggmfﬁgﬁﬁ%@?g? 0 p%ﬁg}%%ﬁié?’ecﬁgﬁo rr[%?/e? (gﬁé%%f’isgéo % the
| ow densi ty dsdheydprevideauffichont barriexvr othegpropertenfir ilteinehdey applithtiat. Tie a

pre-formed film The thickness of the coating nmay generally range from
about 0.5 1ccoaHng(ebney be applied by sprventiopal apeans,snd inthe gasenfpolyethylamemay

st S ol 05 R el B SR ol B 5P B

out si de surfac a spec eci y pre

product  accop@ifdemédfilon e The Hieknesyof e lcONIHOREY gé’na@ﬂhefdﬁ@@ SRRk 0l
conprises a paperboard web which includes expanded mcrospheres and has an

apparléht derteiabguich.5 milandis|drefeabiyoahaut kiSl mil andhd inpide suffa@Bfithé corBlieérd i el d
snoot hness of at I&aﬁt Oo.ggi PPSd 10 sm)o%hne§s of 6.5 mcrons or |ess,
tensile streWdER2pdABRY IinH ¥ien yissd 8r thePytsids Sfaceng an i nternal bond
(cross-direction) of =dft {140 ' T a . S l,ght of
2001b/ 3000ft2 and th%grha( c:sg’gcs'gﬁeirdgsgécﬁgﬁﬂg%l?’tﬁeger@at g’q"a%\%tﬁ?‘@) gra%]dbg%gimslg%f t he
web. A | ow abeoslingtopisd meedtidneatow demsity papérboard amdteridl ecmpeiseaagaperbbaidn
sides of the web in a 20 thickness of about 1.5 m|. The resulting | ow
density papevebathichrincipdes) expandednmigrospieees and has an apparent density of 7.0

15 1bs/3000£t?/mil, a caliper of 28 mil, Sheffield smoothness 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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into cups wi thout significant problenms and exhibits and R value in the
order of 0.07 ft2- F-hrs/btu. Again, it is to be appreciajedsthatoheyw
density board according to the invention nmay be used to nmake a range

of potential products including, but not limted 25 to, cups_and_ other
paperboard"‘egﬂ?‘a‘?"ners formed to hold warm hot, or col d¥afEPYE" where
there is a need for insulation and at |east short-term barrier properties.
Al so, when used to make cups (a primary intended application), the bottom
section is -12 25 June 2004 WD 01/54988 PCT/ US01/ 02777 normal ly a fl at

bonrd nmde SOTRRNY act SSpaBY pEL ARE Al 0F oy S B VAR bk, 1ol SULHCT
factors. A §gsuldted b&driimitle @d86tding tb $heAinGERIEBY, dbfindiRd édonbhdds M@ Bther

conventional 5 packaging machinery is designed to accombdate the use of
only a narr deetersnge of board calipers. Because insul ated board according to

the invention may be icker than standard cupstock (for a given basis
Wt ght) -t he i not eas e o PERNGEYPE e comma Ry Ht pab EaBIgR o 1 y
requi ki ng n I-@Jﬁi,' I+ . J: ' ' to
ad\cjantS agg i?ﬁl%]%gs s?{‘ﬂlﬁ??téﬁgé%@ﬁgig%g?ﬁ%?‘g&%% Fl%e: %%%gkhéwh%%o‘%gp Et%-ar d
(general | y djohe¥calipsts.Bedaasinsulttetl bodrdateardingamihg inventien miay bethicker glan

pressures (approximtely 200 psi or greater), which will permanently
conpr ess t hétandand; eypstick (fer apgiyen basisowelehth (the dneyeasgd ceplipar dvayy 6MSEonal

tooling. An -] S: -S| m.of. .a_pack ke CUD. A | ven_ hasi s

wetght 0t ho TATHATEY S SUHRRR TR B RES Bl e Boup TR ERN

hi gher cal i pg¥entibad sy tohBed iR AdAINthg R kikhse @ft@a’%fo!n@%g@xﬁbﬁﬁ%ﬁw sfhgmy be

too thick for some conventional converting applications. By exposing the

si de 18eam p@apérboardf gangeallylafiakhayingbeen Cuttorfiom addankd to relativelyhighvressuress, t he
cal i per .| evels

e A T
e S, I PRSP RS o e e o e 1 shee
use in form ng cups aAdegdrtigle is the sideseam of a package or cup. Ata given basis weight
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.
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paper board contai ners having one or nore |lap seans. The sane sort of
crinping operation may be performed on the portion of thegblagnk $§oke used
to make the rimof a cup or tub type of container to reduce the final rim
thickness. This has the advantage of inproving aesthetic appearances with a
25 smal | er WOMHE¥EB%®r rimor allowi ng use of existing |i dsP@HUSILEENT or tub
contai ner nmade of insulated board. The rim consists of an edge of the
package being rolled into a cylinder. This is typically a 360 degree wap
of the board. -13 25 June 2004 WO 01/54988 PCT/ USO1/ 02777 It is also to be

he board thi ckness. ~ THRES® e 'rgpqefﬁheeﬁ?en%ﬁ%rdlﬁuﬁ%awa emeichip ppisess.
the rimdia ken

rol | ed-over n%g,?,te mg)ﬁ $ﬁh9b€§§§ ﬁ}“ﬁ% g’?ﬁr%h? ﬁr‘?\f P ?‘?ﬁg‘g]ﬁc | ngt'%ﬁgpf%?eﬁ ng
the top edgei;henmdxamerea(ﬂlb;alaatmutofmc&ylmmmhmldaﬁaydaec;@llweﬁrer Palrt 4B t OP

portion of tfle rimis crinped to reduce the caliper, the dianeter of rim
cyl i nder anks thap, forms dhe 5 enmreh@&rqudofﬁnamgtqhe top edge) i ardindrily abéatrn t he

rim may be r e net.er. may, be cr| ed with
a serl es of Cﬁ;hé@:ﬁ? bFQrsd ccggggr' \}Elh%ﬁgﬂ\k 1%3 %beerl’“grl?‘rﬁ?mBﬁ& toﬁ?é“ i ng
technol ogy niy diened@dfirBe cilinder QST etifted MAY% o%@o@bﬁhE%IiMhEPwnPduce
their overall thickness. Further aspects, advant ages and features of

i nvention na@aﬂb ﬁslemb)ybe oripped to tadudedts aptiradiameter) orrit mygeenmﬂeﬁth I n

t hese exanpl e rboard with, a LDPE coating was used to formthe
si dewal | bl aah PFP%aH‘Qg&ﬁ%peéﬁ"}HCIEWHI ﬁ’&léfﬁ‘@'maﬁﬁﬁhl ne, the cups having a

sidewal | seam In theThablfs crit ;ﬂ‘@&in% t d
itself without the polyet hy?grrlleBg1 at | ng,y%nlgé*b r?grtpsi/djegc?%?soﬁ&?ﬁgg
nei gﬁlﬂorhoochrofomimduoraimc&dféhﬁﬂv@f&llthﬁ:kh@ssZO percent to the overall weight

of the paperboard when, for exanple, LDPE material is extrusion |amnated
to one surface of thEURBRAsPests, tages mdfeatuses of thedrventionnay baptan by

way of the following non-limiting examples. In these examples, the paperboard with

a LDPE coating was used to form the sidewall blank for the cups on a cup-making
machine, the cups having a sidewall seam. In the tables, the basis weight is of 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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In the foll owi ng exanple, sanples of |ow density board contai ni ng

m crospheres were produced, and conpared to a sanple narked "&R%ltﬁ@b& whi ch
cont ai ned no m crospheres. Expandabl e m crospheres used in t'I:*rle urni sh are
avail abl e 2 Expancel, Inc. of Duluth, Georgia of under the trade name
EXPANCEL. “f%gflg‘*?s?rget ed caliper for the sanples was 19 A8V Hul at e
conventional cupstock calipers. After producing the boards, they were
taken of f-machine to an extruder and extrusion -14 25 June 2004 10 15 20 25
WO 01/54988 PCT/ US01/ 02777 coated with | ow density polyethylene at a rate
of 14 |bs/3MSF to provide a barrier coating on one side having a thickness
of about 1 ®pated ayith low density popictylenecaipa ratafipt es3MSRtaipnedde hdarrier

| yet hyl ting. | e. D had i fficient st t d t
i tt1 et o SeRdik Pl SAaving ARUHSH pechpianmn: il Yah semplesratEtat cd
sanpl es wer @apRRB thRbinkd thefolfethAdRScdafind s«g@viema@lmﬁﬁﬁcieﬁt%eﬁ h ahi®
insul ative properties of the cups were determ ned by neasuring the tine a
per son. coul cvahdbal beittlectopbef exttumtbnédatechwithval gathlend. nfhapolgethglteatwoatedf
190F. "IiReI evant properties of the low density bgard sanples_are given in
Tabl 65T, TaBNBPIS PR PRetionts o SHPRATEA ST aktip FECkIRfp 1 6° GIINFEC ADEGH
EXPANCEL M op.gophie itind bl itk Q0R2ARRATHIRERRRE ek e AP ROABh A e o

(Ib/ton)’ 00

cup filled with hot water having a temperature of 190°F. Relevant properties of the low

density board samples, are given in Table 1.

. Table |
10 | Properties ) Contro! | 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 19.0 210
15 Density (Ib/3MSF dry basis) 10.3 9.4 2.3 8.0 74 6.6
- Stretch at Peak (%), MD 1.93 2.41 2.23 1.74 2.01 1.76
Stretch at Peak (%), CD 4,03 4.83 4.52 4.40 4,73 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 269 2.06 1.8} 2.14 1.51 1.58
Internai 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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Basi s wei ght (|b/3MSF)216173196179140139 Cal i per

ml)21.018. 485.022.419.021.0 Density (|b/3VSF dry

E)asi)s) 10.39. 42.38. 07. 46. 6 Stretch at Peak (%, MDL.932.412 251942041, 76
Stretch at_Peak g%, CD4.034.834.524.404.734.79 Tensile_Strength (Ibf/in),
MD72. 068. 390154983 345 538. 2 Tensile Strength (1bf/in), FPCTUSHN27T

CD46. 539. 217.533.126.223.0 Wt Tensile Strength (Ibf/in),

MD4. 033. 283. 053. 962. 872. 64 Wet Tensile Strength (Ibf/in),

CD2. 692. 061. 812. 141.511. 58 Internal Bond (1*E-3ft-1bf), MD689448779096

2l n+ =.Qf Ll £ O g2 CN797004 1 + ] () II*E ')-F+ |
| nt ernal Bor E=3+t=—T11)—€b [eAva Atefgr—ooho Df)

AVGT0. 088. 54SW1Zm8dS. 591. 0 Shef f i kol H95npotiAnass4(Sl) BRSIe2P75478300811327
Sheffield Srr@ggblwﬁfjswg SU), V\829627743§§31032]53328 1477He Spy stzggnctla03

1 1 Ll ol + e
-addi ti ve was—er—-aRtonie u: A2 _y‘u a—de—isetd REeeF he—t+gdde dasi g i on

ACCOSTRENGTHTaR?'aﬁﬂF’fBFG%(éfWMﬁ BAYER [of 2Bevler KBsgn, 7°Gerrralﬁ§/. - 194 24 Jime| 2004
5 VO 01/ 54948, LSRRI T €p7 CODD o) k=31 037 1‘!;3.?3; 027 122, D [obb

(g/ n2), WB53—025—+14—423-022-020—3- Taber St ress—{gt-
I\/D203§1970416"316M11g]!ﬂgfm45ér Sti f f nejss436gf|- ciyp CD.151166.449142 880842. Ga8B. 3 Tear
strength f 0387499304326 Jear| s i g1) 44849 84963/70B20
Shef f igel d(I%e e ngﬁﬁ?ﬁm tslin—2) 24?4“&, go@i 9 ’(fﬂ)‘é# £ héﬁm_eg%_ng

sanpl es, Sarrp‘h@e@Pemhaan(u@dinﬁot ablly yéod i438ul aﬁﬁwe 1688 priopmot i| es40 The
average time a person could hold a cup nade fromsampl € G was 2

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 too 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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seconds conpared to 11 second for the control sanple. Wile Sanple G had

excellent insulative properties, the |lower basis weight of the bﬂ@ééﬂ
resulted in lower stiffness and consequently a cup nmade wt t%e oard had

lower rigidity. Rigidity is an essential attribute for c%ps, accordi ngly
it was neceQ8YM®: o i nprove the stiffness of the cupst odETUBVEIH, e M
having a density of 6.6 | bf/3MSF/ m| and an average internal bond strength
of 91 x 10-3 ft-Ibf could be processed on an extrusion |line and converted
to cups. The stiffness of the board was sonewhat inproved over the

stiffness of Sanple I tersi.nsul atjve perfornmance
than the control sam%?%%&g%%ﬁﬁégﬁ%&gwdé%?ﬁ y""& efﬁl.ﬂg%fjﬁrffél\?gla—‘? mi.
20 The i nt erfadsuR@s) @k Grardddeiddt Wasw MR A STl 0w hanherehfs seslved & er nal
bond of at |east about 100 x 10'3 | b/3MSF/ m |, but still was able to be

converted. Hssenially linearmelationshipdbetaedn densityrans condunsivity withvke higheralensity bond
may be deened accept.abl e. when extruder, speed i.s reduced,. and/ or the weight
of the barr {%a“%c%‘gﬁ?lﬂﬁg ﬁ#ﬁﬁ?’éﬁ‘%ﬁw @‘5?'3%9@'%%@?‘3’“ ?a%pl(g'aﬁnﬂééhq 00
| ow f web | : | ; :

SRNH WS R RGREP 85t thy?élfitlgr%ﬁgi Befwedn %@194%@)?%8@3%{ the o

| b/ 3MSF/ mi| and the average I nterna strengt

Thi s bond sthoardyttbstedimaly bierstpieosddebyt the followihgeqidinnweb to be processed 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 apparent thermal conductivity of the

| ow density boards wa ne r 1 he Luar _ Flow.Met hod (ASTM C
177). The results sho?% %Joé‘gg%tgﬁv(:&' %&S ﬁ@zﬁ’fbﬁgﬂ yp bet ween
density and conductiv PR .18 ! t‘l‘X/ boar ds exhi biting hi gher

cond ivity (i.e., lower thermal insulation). Gaphing the 5 data, it was
determ ned that the relationship betwsgample@ductivity and density for the

boar ds Lest ed my be pApLSeRSpnbie oLl kag, Sl o TSt rEl
(ft2-F-hrs/bjide ﬂaQring densities in the range of from about 6 to about 10 1b/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
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Example 2 In the follow ng exanple, two different Iom1density board stocks
were nade having densities in the range of from about 6 4 fﬁﬁ%ﬂZq#@

| b/ 3MSF/ m | and from furnish containing expandable n1crospheres e board
stock thus made was converted 15 to 16 oz. cups. The phyS|caI operties of
the board ¥P8U¥ e shown in Table 2. Al of the sanpl &€ #&% e 2 were
coated with | ow density pol yet hyl ene on an extrusion Iline and printed on
an aqueous flexo press. The coating was applied to one side of the board
at about 20 mi| and the printing was applied to the other side. The coated

e e L T LRI A N A AR W) P il
converted t o Refisss(HERT/®) pr ot ot ype tool i rlg o a ,onﬁér cilal 4lup frachine] The
rins of the mp&;@}.qmmﬁpu@b@@ t he protatyps. 710 )I 1208 Wgr eI143_a|1 y pa[}u alfly
ngLrgd g/gd::lléah'%} e ttre—toottng—w 21 ot G -B'P[;ELgL zfl‘lﬂﬁmliuizfﬂ%%.;:lls.
(Wt . 993030303 I ARRMETE® R i ber (wt. % 7070707 ve{ ehl Stlar Ei6 6.99
(1 b/ t on) 1010/16tds6al BGIQSTRENGIH (| b/ t on) 6.{86.186. 86. 814117 |25 skune| 2008t 510 15
20 WD 01/ 54 e,h'éménldlhue.hﬁ WR/cy _EXPANCEC N CT Q5 PIET €, 0S40 ¢gg 07
(1 b/ ton) 010644120 —er—{HRPBH-+em3—34—14-—141 1
Taber Stiffness (gf-cm), MD 240 370 139 366
Taber Stiffness (gf-cm), CD 31 - 30 -
10 Instron Stretch at Peak, %, MD 1.79 1.49 1.74 1.36
Instron Stretch at Peak, %, CD 431 4,79 5.77 4,59
Instron Tensile Strength, (Ibf/in), MD 98.9 72.1 555 56.6
Instron 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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Basis weight (1b/3MSF dry basis)218.7235.9143.2211.4 Calip
(m1)18.7126.9718.2130.22 Density (I b/3MsSF/ mil)11.698. 757 6‘9%%% %@g £rnal
Bond (Le-3ft-Ibf), MD1121418898 Internal Bond (1.e-3ft-| b 1 488107
Taber Stiffness (gf-cn), MD240370139366 Taber Stiffness nz CD31- - 30- -
| nstron StW@P¥H9%Ht Peak, % MD1.791.491.741.36 Instron élSBH 2217 Peak,
CD4.314.795.774.59 Instron Tensile Strength, (Ibf/in), NMD98.972.155. 556. 6
Instron Tensile Strength, (lIbf/in), CD49.939.832.132.1 Instron Young's MOE,
1E+3 (I bf/in2), MD596321348225 Instron Young's MOE, 1E+3 (Ibf/in2),

CD30212613983. 1 %Oug@gle eff el.d Uni, té F53i4297297305 Rou /%:uuness
(Sheffield URiPPEgdto $HRS 3‘3’3 AHREA oftimey Tissys SRerafysg Is agunction
FS78. 980. 58 Air
Por meance ( SHalt hept Hlovplei e BSsue At Bld QRBlng et HERY st cinfiine

s/ 100cc) 26. &mué)BTﬂB h8at@ow hetheaisegoisngcanabiphticon ofSsevpiad faoihcindingdhe

not ably good insulative properties. The average tine a person could hold a
cup made f r ofexIEH wr@cgzﬂswéﬁwéwa@s é@ﬁ?ﬁiﬁmmfég‘? kiquid.and thegoatagtresisianehe

Sl & 557 Mobcfafr e AAIIR i B Sl L, e NS TRG b BTin nf NrsBEET S O
to standard Rahbss -(lihseté&ﬂrf:)c HaEs befieRATB b@nt?n%ut’éﬁéﬂ% ﬁﬂkcf eﬁkbﬁorgéﬁ%a?r
P oy

than the stiffness of any of the sanples of Exanple e insulative
properties ofy mfluepcingathe dffeotivpemdads emachebwigensthe ckp mgwaiﬁ)amﬂe:henmmed by

[ th id I t of hot d
ot mum val e of i defi L EREBREEVRBrePaRAprLa h wAL B i SHeHUHE Ford d 1 s
typically spggidheshihgnos wgt%v.' A8 Uabthowh' BENF Wat RALGERHY WpRiindreat

is dictated skin tirssue
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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25 June 2004 WD 01/54988 PCT/ US01/ 02777 exposed to the hot cup sidewalls
for a period of tinme. Tissue tenperature is a function 0§5t§ﬁnge§%O£|OWItO
the tissue fromthe cup and the internal heat dissipation within the
tissue. Thﬁmﬂﬁ@% 5Iom1to the tissue is a conbination of s$veral factors
including th %' mal properties of the board, the tenpg'gyﬂy@r%? t he

| iquid, and the contact resistance 5 between the tissue 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 effecti : : %?ﬁwﬁt ' I C ' ig. 1
is a graphi \(@Feﬁﬂggﬁg%ﬁugﬁvgﬁ* tl Setngnva Fgﬂiﬁég‘ﬁ ul>?% 3%?‘”%@%‘1? %?Eﬁﬁ%g cups
cont ai ni ng ¥XQ0F water. The data shown in Fig. 1 was collected by applying
10 pressure on the flux sensor. In the figure, Curve Ais a cup made with
Sanple 32 (Table 2), Curve Bis a cudiﬁmmggéccording to U.S. Patent No.

4,435,344 to liok i NiNg. t i | at i ng. | , Ci
convent i onaF di)ab?e- \(/:van\t'h%I °¥:‘§%}“€?f§’ym§%eé‘@#t’%o er}'gl‘ﬁ $§g’ird35t%i%\(;‘?e{?f§ﬁb?s‘1?ﬁal
si ngl g- wal | efdvihgiehsified intiRtafsdof ffdm hSodt6kd A6RE 16 IM3MBE AN 28d fbidl furhish

represents a relatively accurate 15 neasurenent of heat flow ng to tissue
for cups beioegtaungexpaidable avienasphendsdiTig boprdstankitbus medd Was qpmivattedbodéssi ve

heat was perceived,.data .cqllectjon s,term nated. As .s by the curves
of Fig 1, PtHPsndds B vl s ??e‘}fléﬁ%ﬁ’%ﬁfiﬁﬁmgémhewynapeg@@e "Njogﬂ’r?i bi t ed
conpar abl e thgy in 1 j | I: N0y . S.
Pat ent o, 4 S0 i ERES el ColbEm it Iy dersy pBSUTRAS on 8 EREEORIACa
that the Cumpriatdd auasaquecss Pexagugphit prgssc GEitei cogtingreanapdicdwabhe sifie af thep Wi t h
a thernoplastigc resin ich i s subsequently foanmed. However, the process
for gﬁoduci ﬁ’@af‘f ﬁea%BHP b-gh@? @Hﬁéher%f&}?"%e‘gasaﬂéhﬁg dxEhe other side disetivmrethe f or
the conversifpeafidntdle thernoplastic coating adversely affects print

qual ity and the hand-feel of the cups. In contrast, cups made using the

paper board stock of Ssamples 32 dndPhowveextranofictuddl biharpitplpapémtachmatandg (t he
coati ng was onlé( on the interior surface) and an appearance and feel

simlar to tKHpAGtonRHl sKiradraWhsaqss sarapiss C 1 ireugiaiadt Bware mupdacinred on
exhibited - hofmneltAPpadfiftachine. In both cases, the papermaking furnish used to produced
15 these samples contained a blend 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 329 333 31.5 28.5 30.2 27.0 28.6

Basis Weight (Ib/3IMSF) 187 33 202 196 2n 236 232

Weight Percent of EXPANCEL, 6.0 20 6.0 6.0 6.0 3.0 4.0
30 (%)
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WO 01/ 54988 PCT/ US01/ 02777 better thermal insulative properties than the
conventional double-walled cup of Curve C Exanple 3 In ﬁﬁqﬁﬂﬁé|?&6£9
exanpl e, eight |ow density board stocks were nade 5 having densities in
the range of fromabout 6 to about 10 I b/3MSF/ m| and from furnish

cont ai ni ngV@PHPEabl e i crospheres. The board stock t huFHEEA%RE convert ed
to 16 o0z. cups. The physical properties of the board stock are shown in
Table 3. Al of the sanples in Table 3 were coated with | ow density

pol yet hyl ene on an extrusion |line and printed on an aqueous fl exographic

Bnd the pri ﬁﬁfﬁ&i@@%&%ﬁﬁ%’ﬁfotﬁﬁg”ﬁﬁfﬁéfesﬁgﬁaet atgtor 1 $obn (RE pabpr

“es and P2 were nanufactured on a pil ot papernmachi ne and

surface. Sa

ext r uded on?ﬁ;%i& Ish MBxt r uder whereas sanpl es. O through. fo wer e
manuf act ur ed ™t ﬂlIIE’glndt:omnerci al paf)zerrraiﬂi ne.% n both cars]g}s, tcﬁz‘e4 papt¥maki ng
fur ni $h used@%?hb@%ced 15 t hese san'%l‘ es contai ned a bl end of hardwod and

ffi es ,F : 7 ] 97

sof twood pul & RsE seg ﬁghen}; al s¥’suchlds st ch drgsstre th
additives, apfff & S "gj]) unty bf é%pand;@ l e ALgrospleres 3300 acfieve a
range of boafd.-dehsd gf*gg).’cfn eaghg casgyy t hejsgref ijBd Ng quer gi §§ and;4;evel of
wet -end chemcai addifion was varied to achi eve a range of internal bond

st rerﬂé’t hs. Fol |l owi ng pol yet hyl ene extrusi on and conversion into cups, 20

the sanples were | NSRERLEd FALIGH il 8 dDERAEEILE: RiGkl gheor

wrinkles, which are-a asure o e converting potentia e coated
board. Sanplsp@npihtihbélosate htnintlegb£80 afl 0B UERMSFIMNOBbhB& donditionathe as a

SOTEr Ol &l onplos showed sevese W bucking, indialing that they sould Rot be saitable ava
commercial product. Sample P2 illustrates the case where the density of the board is

15 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 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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Sampl e P1P2CI C2C3CAC5 MD Buckling Severe None Severe Medi um None None None
Cal i per, m | 32.933.331.528.530.227.028.6 Basis Wi ght 295 June 2004

(1' b/ 3MBF) 187331202196211236232 Wi ght Percent of

EXPANCEL, 6. 02. 06. 06. 06. 03. 04. 0 20 25 June 2004 WO 01/54988PCT/ USQ1/ 02777
Appar ent DERSVE4SE (| b/ 3MBF/ i | ) 5. 689. 916. 406. 896. 988. 758 TSR E nal

Bond, 7414775839913198 (I E-3 ft*I bf), MD 721517581103134101 | nternal Bond,
5(1E-3 ft*Ibf), CD Sheffield Snmoot hness (SU), FS352297313304333297294
Sheffield Snoot hness (SU), W5372336308284305353286 Taber Stiffness (gf*cm,

|VD3776373553 83 6 3 Stiffn * , 12 36125129146163 10
sthhadhs RSNy B kSR Boly By ek coat YA IR I g o
strength is Mu?%bﬁ%eﬁf‘dﬁh%ﬂ‘i‘p@ﬁaaﬁofoi(ﬂﬂeQO% 1hﬂ%ﬁ%5ﬁd@&engﬁpr these

conditions, the sanples showed severe MD buckling, indicating that they
woul d not be suitabl & heSoregoing 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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commercial product. Sanple P2 illustrates the case where the density of the
board is 15 significantly |ower than nornmal paperboard u '

production of cups but because of its high internal bontsiéajsjtd;%h%rﬁ)qdhe
product does not exhibit MD buckling. Sanple C2 shows sone degree of

buckl i ng b¥@AYUsEE ts i nternal bond strength of 81 x 10-BEWEHBMBH mi|l is at
the lower limt of the preferred range of internal bond strength. Sanples
C3, ¢4, and G5 illustrate the preferred | evels of density and 20 internal
bond strength. Sanples P 1 and C 1 illustrate the condition wherein the

pol yethylene has a caliper of about 1.5 m| and the internal bond strength
i s bel ow the ni ni numWigh referencerio Figs. B+3vme/embodimment of Resp 18smslerwitinthe t he

sanpl es sho e\L buckling, i.ndi.cati ng_ that itk l.d ,not be
suitabl e asvlg‘q’cd%‘% lills tesPgiaﬁk??ﬂﬁatgéﬂﬁ%éhﬁvfﬁ%lﬁ F@%&r\é?#ﬂg ﬂ?:eaéognv\her e
the density ¢ffantiivert@ansicated Soet)i THLAP! 10Vinb RIIBY a pbdbaily Q1AL cAARAS boar d
used in the production of cups but beCause of itS high ‘internal bond

strengt h t hepopiiedlizhavdogs versicaldap s¢an 14/fpibingkhe ayd edimapband8sifians sone
degree of buckling because.its internal nd, strengt h of x 10-3

b7 SVBE/ i | PAperbaid b ogmin e 1W1?m££p?h?8?cf@g€cﬁéa§@§i§m%@ nal bond
strength. Sapgpl : B 2 f
density and | nt?ﬁgﬁ egg%%?srlﬁg?ﬁnﬁéﬁﬂMcﬁgh%ﬁé%ggﬁyé%&&é)

PCT/ US01/ 02 thatnisplgstie cCftings thes¢orpdrasthdraneans knowhenge 410! Tiat dup Bndss oat

wei ght in the order of about 20 percent can conpensate for the |ow
i nt ernal boriBcladesagirqularmotled 6%@&%3 sspange substrntigy cireular baitom ppttiohn t he

densj fy: o 6 bout 10.1b/3N5F/ ni | and
o Ters. rartiich FERAENE st i) R BEIP P 13 Fithe Prpitey Mt | "
rel atipvel y IFight ddseapabbelO® Musaafy@ Méthod ﬁﬁsatualagﬁgghe&%t{o}n péttioh P8 tphysi cal

properties of the I ow density board are suitab enabl'e processing of
cupst ock t o thewwellipegidnatZeanddiigs? illbspatena eoliedpin 0l of asupppestding telleeves of
50. In order. to prevent the cups frominterlocking in the sleeve, the cup
I's ordinari Ilﬁ}ved‘é‘gi’gned so that the outer 10 bottom edge of one cup rests

on the inner bottom @fs sbdfinGHp. DhEWall bortldll £ 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.
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requi renent along with the desired interior volume of the cup and the
aesthetic needs of the cup place additional constraints on ﬁﬁéai¢@Mable
board thickness. For exanple, it is preferable that the caliper of the
basest ock ounce cups not exceed about 35 m | , the
upperlirﬁ%8gyﬁggliper for a 16 ounce cup is 15 prefergﬁﬁ%ggggk7 32 mil.
In the web form ng process, webs containing the expandable m crospheres
were preferably pressed to a higher solids content than webs which do not
contain the mcrospheres. Once the web is pressed and dried it is

Wihin the ranges setiaeti T 4 6 RESH GOd e CaloR TP tloRd' ' P

i nvention. Tileng &lésetmn 2Bt provideneg emepall}evah k¢t<3rmalEnw32t oftheol |
cal ender, but is preferabl heat ed extende l ong nip, or shoe nip
cal endari ng h@tqw ﬁ@rtwmls;fﬂl%qdﬁomgeaahﬂ HRProvise amubm@t trighd o8glatflan3 6

extended d tlne and reduced sur.e ccord n al-en I ng
machi ne may H’taglbﬁ “OR@P5/™ ABF o ﬁpgﬁa&e@ mcgg’eﬂggh%dmgﬁﬁvég Iﬁ’t d@é’ in the
range f fromaiagl»%te saaledﬁlﬁégu&k&@o% & SRSRERMdmeARhE [0 Il sIF 38 uUr € of

| ess than about 1200 psi. 25 June 2004 WO 01/54988 PCIT/ USOl/ 02777 Wth
reference toddsigbed #bose. one enbodi ment of a cup 10 made with the |ow

d t | at ed boar d ft t | | ustrat ed
the form of an i nveKiBaURAOREH ShoEyal Powie LAHHEh i be aBTREd dener al | |

l'i nd I d
clges 16 and Ta-apeal ] é%ﬁ%%?‘éqgﬂﬁd HEHeaCh FEER BESYASplBehE ol o7

edges 16 andrih@0reFoddiag r&itﬁ#ﬁ&&dféxﬁl m&ammmytmmeawﬁemddm met hods
such as adhesi ves, nelt-bondi t her nopl asti c coatings thereon or other

meansl&nown Pasavseeotahe incraseed-eabipenotihe paparbesird msterial wbedtoiraake wall | ed ri m 20
and 2 SePer b3t ABLARH ) S5l AT R e Al 21
o B o st e o O 2 1
accor di ng t ouppieeportion of the cup in order to maintain a substantially open cup for retaining
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.

-24.



invention. As seen in Fig. 3, the wall portion 12 of the cup 10 is nade
froma low density insulated paperboard material accordiyg #endhegoa
i nvention which contains 15 expanded m crospheres 24 dispersed within the

fibrous i t he paperboard. The m crospheres 24 ar r rably
subst ant {Tgﬁ’@?ﬁ‘g%ﬁ ow and provide insulative properti es%tcgn‘[%ﬂ@&\?\gl | and
bottom portions 12, 22 of the cup 10. However, bottom 22 nmay be a

conventional coated board material in order to inprove the econom cs of
t he product, since heating of the bottomis not generally an issue as the

cup is not %?Hhﬁpl' H}ﬁg .by a user on the bottom Because of the

i ncreased caliper Sf)?t' e palé)jsérboard material used to formthe wall and
bottom portions 12, 22AopapeHiatdipatetial weedilfin Gt manFadt@reldtpap&dbx@r t i ng
equi prent and/or the board itself may be necessary to achieve the folds

and rol | s r couPinsts Fush ag panarispHePMprEsing P Pis boash web depudiag woeddihesat nent
measures 25 of nodifying the cal.iper ,of. .portians of . the board (i.e.

"cri nping") aﬂ%\?’épaé]fiff‘igﬁ OFRAKEES Jdﬂ%ﬁﬁﬁfiﬁ’gﬂ'ﬁ% %%"r‘&%’r‘"%@%&’@?‘ﬂtt ate
conver si on/ gsaaiRirdh abiie c0RSsbou?fo RPINISPANRARG s Ul 2463524 to abour

PCT/ US01/ 42777 seen In Fig. 4, the bottomend 26 of the wall portion 12

is folded &bomgwithlan isteaml Bénd of grleast awouh 86 ankr’di-1bf. V- shaped pocket 30.
End 32 of the bottomportion is folded along seam 34 to provide a
substantially right angle flap 36 (which may be crinped in a pretreatnent

step) received int h? Rﬁgh?é%g’t?ardﬂﬁterfall QP?Iﬁiégn@eigﬁégﬂsﬁggkgﬁg\zg@ pocket

30 in a simlar mannér ormatil on of se escr

Circul ar tops &réhsB8bait 6Vsalb)3NISF/iniPandliBe Cilipes bf RYwELIsGE IddDEmbou28 mil,
pretreatnment step) is preferably rolled as shown in Fig. 5 to provide a

circular, rolled rim20. Tooling required to formrolled rim20 may al so
need to be nodified 10 because of the. increased .cal.iper of the paperboard
material used to maké‘ Jﬁ?papcﬁﬁqﬁr%lgwtefél ogglﬂ’é’&ﬁéw}e\felfl&et?)vﬁrae%?g’ogﬁé’gﬁ?s used
to make the ey 20ekSibBRe 1005 (Peg. e conpressed in a pretreatnent step.
Rolled rim 20 provides reinforcenent to the

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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upper portion of the cup in order to maintain a substantially open cup for
retaining liquids, tolimt dripping, and to provide a nmptengaafasdabl e
edge fromwhich to 15 drink. It will again be appreciated that the
interior and, optionally, the exterior of the cup 10, may contain

convent i onXP &M er coati ngs to reduce the porosity of P ﬁ‘és“y%"so t hat
liquids will not soak into the paperboard substrate of the wall and bottom

portions 12, 22. The coatings nmay be one or W_ggkgp%%pgk%gg@?%gﬁo
h

materials such as pol yethyl ene (preferably | ow yl ene

terephthal ate,  and t e ickeothbe ALEASORONN EORk HESILG oRtE

applications. The faoregoin escri certarn exe y en odi ment s
of the preseqimprivésdbahghastelgioRidetcdViréif ¢hd Soup vomigRg dTpolyettigdneat i on
only, and it_is understood that numerous nodifications or alterations nmay
be made in alAMOIbL apd polysthiyldng serephtbalatertayinigannverage tiicknesstqnging fiomf r om t he
spirit and sgo f the, Jnvention. -24 25 June 2004 WO 01/54988

PCT/ US01/ OZ#PBM'FOPQ“‘EEA?W@D IS: 1. A paperboard material useful in the
manuf act ure of paperboard containers such as paper cups conprising a
paper board web i ncluding wood fibers and expanded m crospheres di spersed
within the fibers andOhdhepgpaboadpaiteriil of dtaimi @ wherbinfthe baeiep udating0d t o
about 10 Ib/3MSF/m | and a,caliper of from?24 to about 35 ml with an

i nternal borkPRyTIsSS a jo¥k densiy potyethty lsnepving an aysrageshickpess ghFephou 1
material of gl L{;@ﬁlm\“ner ein the density of the web is at |east about 6.5
| b/ 3MBF/ m | an e caliper of the web is at |east about 28 ml. 3. The
paperboard material of claim2 wherein the average bond of the web is at

| est about 100 x 10-3 ft-1bf. 4. The paperboard of claiml wherein the
average internal bondlofThepeperhedrdimatenial|of skaimfrehereinGobarrigieodting iy bf . 5.

The paperboalgrgse?l{oghgﬁln;u}fagm%eorf%enwgge average internal 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 | east about 80 x 10-3 ft-l1bf. 6. The paperboard material of claim
1 further conprising a barrier coating on at |east one ojsthenswhd@ces 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 pap¥Bas¥8 material of claim6 wherein the barri ePCHUSRY7has an
aver age thickness of fromabout 0.5 to about 3.5 ml. -25 25 June 2004 WO
01/54988 PCTIUSQO /02777 C1-P of U S. Application 60/178,214 9. The
paperboard material of claim®6 wherein the barrier coating conprises a

coating material selegc fromthe group consisting of polyethylene, EVOH,
and pol yet hyl ene ter e]pﬁtﬂ?ﬂ%ﬂp&?@bﬁé‘iﬁ HateHal ofedpiayb whatcikthesapandedi ng from

about 0.5 to 1 !PS% - terial., of claimb6.wherein
the barrier g'g‘gtg %H#S%Sg%%r\?’%%‘gom ov§/9 g@%‘?? @&%ﬁlge lﬁ§ﬂsg%%'esf1%(f od"%rhseaver age
thi ckness of frbmaboab®05 tdabdu 18RI oBthEitbtal Whighl BEtHeaRdy hPRBE, baiser i al  of
claim®6 wherein a barrier coating is present on both surfaces of the web.

12. The paperboard material of claiml wherein the web has a Sheffield
snmoot hness of at |ea out 300 SU. 13.. The, erboard materjal of claiml
wherein the web has zhsﬁﬁ}eé’@ger%\ﬂfﬁfnﬁte%ﬂé?ffﬁaéﬁ@og’m% '§§P%ﬁdeat | east
about 300 SUngdesphiefes TR coptisishitheE holyhidsic Bhik face.
14. The paperboarpg1 msslteri al ocf cl ai r??l \E/:\he?epn tﬁe lmgogf)lk%.géjgj%ur %@HS W th
a Sheffiel d fomotbones atfoun? wtsasf theltotal walpht &f thaweebaorRP&rylhsisiroot hness  of

about 6.5 mcrons or less and carries printing on the surface. 15. The
paperboard material of claim1 wherein the cellulosic fibers in the web

conpr i se 1 om about 24 0 AN ar# 4%kl WELFAh ol ahihbitre Of bR PO S

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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and from about 60 to about 80% by wei ght dry basis hardwood fibers. -26 25
June 2004 WO 01/54988 PCT/ US01/02777 16. The paperboard mpderhdh Phoglaiml
wherein the expanded m crospheres in the web conprise synthetic po ?ymari C
m crospherﬁﬁ) g&% gorrprl se fromabout 0.25 to about 10 wt. % of the al

wei ght of the on a dry basis. 17. The paperboard mat E?T’H?“I‘Q?”Z:I a| mI
wherein the expanded mcrospheres in the web conprise synthetic polyneric
m crospheres and conprise fromabout 5 to about 7 wt.% of the total weight
of the web on a dry basis. 18. A paperboard material useful in the

manuf act ure n ris

paper board we Wég gr?%%a 85&16? E@P%i’r%%g%o%%f% 9 @B’t&ﬂs % dry
basi s expandmbsum beiil 6n mba{smae smfsdeth@wes. based on the total weight of
the web dispersed within the fibers, an apparent density of from about 6.0
to about 10 I b/3MSF/ m |, a cali per of fromabout 24 to about 35 ml, an
average internal bondof, at about 80 x, 10'3 ft-1|Dbf, heffield
snoot hness of about %OWS? gﬁag?rcﬁn‘ﬁhlﬁhﬁg?‘??%‘?s Gitpmy

t hi ck f f th
web. ESSSTﬁeseé’ag?rlﬁgﬁﬁté“%aﬂ?éﬁ“f";?aﬁf”"““’ﬁ%‘?“r’n*‘“ s Ovicha %?%%@P‘Z%‘ﬁé“%@?ﬂﬁt g
ic

applied dire& comprises| apeperimand web irmhaling wobd ﬁbebancEiBomAboﬁtSSﬁiﬁﬁo&ﬂ paper
cont ai ner whj ch ﬁﬂ%rl ses a sj evva | and a bottom seal abl er{hm ned t oget her
wherein the basis sxpandgd aymhetic prlpmenmisraspheees dased onhe éotak onpr | ses

a paper boar r t bou

dry basis e%&ﬁgt ﬁé%h ra% Ip gﬁgg“flih?rrﬁ]ﬁﬁ}%%p e é&%&%{ d§ g%ftyo&?% E"t)‘ﬂl)tt (;‘Vt

wei ght of t e abet 1di IBBMSEshilMatdaliper! dTerdrh RBAR 2430 aBARBSIAT, ASRstdge of from
about 6.0 to about 10 | b/3MSF/ m |, a caliper of from about’ 24 to —about 35
nml, an avdpiggeal bﬁﬂ‘éﬁf\%ﬂleﬂﬁéhbmﬁﬁ()atlos’eﬁrébf alShafﬁe&DsmodtﬂnfSS bf abdt 308

Shef field s rgi?toth Q,r%:si er, and a2barr21gr c%lzjiﬁng g\glég lC e%glcg)ggo o /01%8(9%/1:8 §b707uz

3.5 mil on at least one surface of the web.

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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about 300 SU or greater, and a barrier coating having a thickness of from
about 0.5 to about 3.5 m| on at |east one surface of thgswebne2dgofn
assenbl ed paper cup which conprises a sidewall and a bottom sealably

j oi ned togﬁg@é@gmr ein the sidewall is provided by a paperhoard materi al
whi ch conpri's paper board web incl udi ng wood fiber an FPOHAbut 5 to
about 10 wt.%dry basis expanded synthetic polynmer m crospheres based on
the total weight of the web dispersed within the fibers, an apparent
density of fromabout 6.0 to about 10 I b/3MSF/ m |, a caliper of from about
24 to about 35 ml, r LALe . t 80 x, 10-3
ft-1bf, a Sheffield ?éb??ﬁa‘é‘%?’%?f‘%l%%’ﬂ?ﬁ3@’%‘3&%&‘8&?&5#%%%??5’%%@ 84 i or
coat i ng havi legstabbiti IRneBE’ fodbff rom about 0.5 to about 3.5 mi| on at | east
one surface of the web. 22. A nethod for making a | ow density paperboard
material suitable for use in producing an insulated container such as a

cup conprising providjiNg~a r paki ng. f urni.sh cont ai,ni n | | ul.asi c
fibers and from abou?%% T§ﬁ§‘§8ﬁ€la%g%wlfﬁgplﬂg]edﬁ{énml?7o ‘ggf e¥EPINahb e
m cr ospher eSleadt QbHHLED 21 PBRGHPoard web from the papernmaking furnish,

drying the web, and cal endaring the web to a caliper of from about 24 to
~about 35 mls and a density ranging from about 200 to about 220 | b/ 3MSF.

23. The net hod of clabi m.22 wherein the nsity of the web is at |east
7arﬁ' trn@ﬁergpf]ﬁ Fy

about 6.5 | b/ 3MSF/ il e gim IHer Gewprising applying a baseet 28 ni | .

Ceast about  HaHTE of gPleree Mt M Brabelor il EBRerGRNENVc 1088 PeT) US0T) 02777
25. The nmethod of claim 22 wherein the internal bond of the web is at

| east about 100 x 10-3 ft-1bf. 26. The nmethod of claim 22 wherein the
internal bond of the 2Retfhiegnethod plelaim b wirercdwthe bporid contingis present drle

method of cl &l MiGfack %rfrtlpcevrvel:():%@erﬁlgéeﬁqnt%ﬁgl'@ 'ofd c%ntgfanrelr'.l er

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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coating on at |east one of the surfaces of the cal endered web. 28. The

nmet hod of claim 27 wherein the barrier coating is present2®niyne 0504
surface of the web to be placed interiorly of a container. 29. The nethod
of claim in the barrier coating has an average _thick of from
about 0.5?“?%@%%)8& 3.5 ml. 30. The nethod of claim?27 fdéf'ﬂ's?ﬁe barrier
coating conprises a coating material selected fromthe group consisting of
pol yet hyl ene, EVOH, and pol yet hyl ene terephthal ate havi ng an average

t hi ckness ranging fromabout 0.5 to about 3.5 ml. 31. The nmethod of claim
30 wherein the barri 2L < SPSw Li¥:.pQl ene havi ng
an average thi ckness%fmr@%ﬂg)ggg%ﬁlto a orﬁ#tnqgle%ﬁi%%éggg%gfdﬁ%# hod of

cl ai m 27 whemebthnasserak least aboat 3¥STs present on both surfaces of the web.
-29 25 June 2004 WD 01/54988 PCT/ US01/ 02777 33. The nmethod of claim 22
wherein the web exhibits a Sheffield snoothness of at |east about 300 SU.
34. The nethod of cl gj 2 er.ei.n, the,webp is cal endered so as t exhi bi t
a Sheffield _sm)pthne?é'mgge ﬁ’tvélﬁﬁogé’gtdaérﬂ?@twgﬁ n gﬁﬁ % erﬁ%f%igs(? afsg?ther
conpri ses pPekiibitRBHEE shbofledsT af WabidbBut ) SURR MR Aefod fuflédi M 22
further conprising printing directly on a surface of the web to be
posi ti oned comptiscseprintingalirecly omthecsorfacd.ner and wherein the surface that
carries the printing exhibits a Sheffield snoothness of at |east about 300
SU and a PPS 10 snoot hness of about 6.5 mcrons or |ess. 36. The nethod of
claim 22 wherein thegf urpl r f QH;-- 0} L0 dry
basi s expandabl e m c?%s—gﬂ%@ggﬁag@ ¢ la}ﬁ ?rzegt[ﬁgg&?%r nask%&éﬁl%idr%ﬁﬁ%\fg%(ﬁ

paper boar d- ba¥e@ ofilhe Wab tobe positidndd\walthe afidrier dfahé oontihECAhdoORGREINSRS
provi ding a paperboard material conprising
surface that carries the printing exhibits a Sheffield 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.

-31-



