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y 5 HEAT SHRI NKABLE F his application
clainms priority to U %%E{Tﬂ Appl i cation No.
60/ 899,392 filed on.February 5, 2007, the entire
di scl osure of which is incorporated herein by
reference inits entirety. 10 Cross Reference to
5 . Rel at ed Appl i HEATOSHRINKABLE FOAMED SHEET
application filed under 35 U S.C. 111(a) claimng the
bel“iﬁi prﬁéﬂtﬁ#ﬁﬂblrh@ priority o 0.S.1visidral APplichtion iNd.€D/899,392

date o S. Provisional 15 Application No. 60/899, 392
filed on fFehruary Seaﬂqargh%enthSclggurngnwhm iinggrgorated herein by

ical Field The present invention rel ates
’efe'eﬁééi{p#é etn-{‘?ﬁﬁﬁnkabl e foaned sheet. Sone 20 preferred
10 - enbodi nents rel ate to a heat shri nkabl e foaned sheet
excel lent in g gts ness s rf srincg&hness and
al so excel IGH? $ ﬁ"ﬁPFﬁ P T ound Art
25 The foll ow ng description sets forth the inventor's
knowl edge of related art and problens therein and

s libhis éipplicatien isoar applicatien tiledaunders3H-SC. |B1di aNgaiming the

benefgnmt.}r%ﬁg%qo é) 2§tla$t g}gﬁé;@) o??ﬂ‘ea ?lllﬁaeﬁtehgvu %Cg) proViSBhal

15 Applldéﬁbﬁﬂﬂdf@ﬂye%?}!)mﬂfewm(ﬂ:ebhm 5, 200 7D pensuanteaby35 U.S.C. §111(b).
applied to various products, such as, e.g., cups,
pl ates, food containers, packaging naterials, or
packagi ng | abels, in v feah@s. Particularly, in
the case of a heat shr?ﬁtgﬁ?lflt)‘?‘ngd sheet to be used
as packagi ng | abels, decoration printing is perforned
on a surface of the | abel applied to a ass/pl astic
coTheipneseritanpentiordeclates toonheat skhrinkable %@am@ﬁ sheet, | Some
L0t el 110100 eft |, ~{{_ p~ ~~~ ég— ~~~~~ g

20 preferrpd embedigments relate to prheat shrinkable foamed shéet excellent in

glossiness and surface smoothness and also excellent in printing performance.

| Background Art

25 - The following description sets forth the inventor’s knowledge of related art and
problems therein and should not be construed as an admission of knowledge in the
prior art.

A resin foamed sheet having a heat shrinkable nature, such as, e.g., a foamed
30 polystyrene resin foamed sheet, has been widely applied to various products, such as,
e.g., cups, plates, food containers, packaging materials, or packaging labels, in various
fields. Particularly, in the case of a heat shrinkable foamed sheet to be used as
packaging labels, decoration printing is performed on a surface of the label applied to a
glass/plastic container to provide its content’s information.
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manuf actured by a rret hod di scl osed in, for exarrpl e,
U S. Patent No. 5,925,450 (JP, HO7(1995) 64005, B),

U.S. Patent No. 3,979,000 (JP, S61(1986)-21826, B), : :
U. Fhisrkineé of heat sBrigkablegesingoamed-ghwetamm b %Wacwed by a

For_ . ex

methebdiscIRes I oRE SXPTIRIS: Ui oo S5 45 Ruta7( 199969005, ),
u.s. BitentRBE g,ﬁge&go & ;S%gtl(ggé% g%@é‘ %BPqR8! pLRIntING.S 342,560 (3P,

5 H05(f9d33f§053ﬁ¢/%t 8RA JRCHOPP1995)332525.9%i ty control ling

are 10 I ntroduced into a first extruder to be
nelted therein while adding polyneric ester such as
ditridecyl adipate (DTDA) as a plasticizer. Nitrogen
or Fomexamptt, axgererat-purppsespalystyment resingsa raw matega! of a
under high pressure to the mnltenﬁgf? styrene and
I

foameghsheetd @ nugaus frrmipgeagest (pF forg! med; Gellss p sPregping agent,
Qacoolln extr royided at.a r

and i rigsiel B oF HdViRenB atiln . ot bobPhlinedidr ore

10 mtrodﬂ'&'eh ihfo S‘?Rkte%d’rﬁdé’r tbd B PEHESI n"’Wﬁirlé’ Bﬁhﬁgﬁpél%{éﬂi@ ester such
xtrusron en sent to an annular die portion

as dlﬁ?ﬂ’d@lﬁ/ldétﬂpéﬁe (DEDA) a8ta slastidzert haliwogen og carbon dioxideacting as a
t he ot her hand, non-foanmed polystyrene resinis

foamingt agehtds @dded wru:lereh:gh @ressuredethemiolben pelyswfeneuamd kneaded,

and then transferred to the die portion provided a
and thae the sesulting roelt is rapsterresyta a coplipg extryger provdded ata rear part

o g A4 ST BIT AA FB  o

t
15 cempbffd RBolddBie © Shu L35 A e kY 420 4FEbAALGE die porton
prowaﬁd ¢ the %%t'c&oeomﬂé E6blirepéxtiuder amf gk streethand, non-foamed

a non-foanmed resin layer is coated on a f oaned
polyst@ehe resiveis intFbduceth into ansequndeextsudérearet meltedhtherein, and then
cylindrical sheet co-extruded fromthe 25 extrusion
transfBreedite thdiecppriionipravidegrat/the fepnxc;md @fgtmeﬁmleg firgf extruder in a

staterinavaich MAL AsHT i§ CORRINGEhiS tHEGOLEN BHg- nd0i s 48 BfFgn, the
20 extruggﬁnﬁm%%@ﬁgfgﬁn:tﬂgﬁ?{sﬁte%rﬁd[eﬁaﬂa t E%Fuﬁmﬁﬁgnal from the second

e resin

extrutd‘é?%?é iHE] t BgééHer'a‘hd E@e&@hﬁ@ﬂ'd@ga Bl ridrica t\béLIQVEred sheet in
hereo on a Cylindrical
whldﬁ E*dd)rrfoﬁrhebTEsml layer, rs~¢oa,te&ﬂh 3 foamed resin layer.
l~ll ~~~ ~~~~1]ill~~~~) Date of receipt: 10 August
2007 (10. 08. 2007) PCT/ USZOO?/ 011505 r. q ~ WN ' -
E :T:f;e7|nner and outer surfaées of the c{'hndncal sheet co-extruged from the
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25  extrusion die are cooled with air and/or a cooling mandrel. At this time, the sheet is
stretched by blowing between the extrusion die and the mandrel ring having a large
diameter at a temperature range higher than a softening point of the resin, and then

cooled to a temperature which is the softening point or below thereof on a cylindrjcal
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the mandrel ring. During the cooling, tension is

applied using nip rolls to be stretched in a
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resul ting sheet havi ng two |ayers, i.e., a foaned
r

mancdhEoviaRH t thAYGERERmBIE of e IndhBrdiidity, Buripg the cooling,
tensiomis ‘Sgg_ﬁeé‘ UBRHEISTiPIrbfls 68 be strdtchedivcd Iotgitudlital dirkctioR Of the sheet,
in addition tto mechanical characteristics, such as,
and tite stretchedsiheet istuteindidives withd tyttes hddre fesulting sheet having two
flexibility, and heat shrinkable characteristic, the
layerspi.entd fapmedhiayertand 3 nop-foamadsiayen willibe wpshdant
characteristics to provide decoration for giving a 10
vi sual product inmage on the surface of the sheet. In a

coavent.ion e '
BRG] iaooral RSl 390 o B AEABYBRaging mater,
such 5‘é3t§.§.e PRb3I, 18 Gdditiin & ABhanichlERarachistics Néidtdas, e.g., tensile
péridimance ‘'was not always satisfactory. 15 Under the
strendth! fibitity2 BE&ar foree flexitsitypand heat shrirkable charecteristic, the printing
experiments and studies to provide a heat shrinkable
charattesistid is hisetonexctinportantcharacteostics tspraovide decergtippder giving a
snoot hness and printin na%r%' As a result, they
L the the

visuak prodect Heaga on theasurfac tayer foamed sheet
. having at |east a non-foaned |ayer as a skin |ayer
small in 20 thickness and a foamed | ayer as a core

laygg éo"i"{ygﬂfiohﬁl ﬁéﬁt‘%ﬂ?@ﬁ%g?ﬁg% shéet howeRdr, durigirint images

vari ous di mensions, su .g., surface snoot hness
with @att PANPBBuhEaviEsIcoddatot bancbisired; fof ekample.el Tisus, the printing
formed in the foaned | ayer, exert a strong influence
performaace prasmotrajways fsatisfactaryof t he non-foaned | ayer
constituting the surface skin [ayer. The inventors
further continued experinents and studies and finally

) ! s al !
T e 2SR B e B4 B8t ana
studigﬂ‘gcf’ ﬁlr&(ﬁ&é S hdd! Hpfhka b@*f&aﬁﬁ’é@&ﬁéét%ﬁeﬂéb@mfrf]éteoglbgsiness,

catrons I's 1n no way intended tolimt the :
surfaBé 8RfIbthh&sCamd Phintih cfmg_re.cexs airestileatheydount thedact that in a

invention my 3 ~' ~~[~I~"i~~" 47i ~~' ~ _ _
multitiayed fohhidd shaatihavinglat leasieenen-foamed Jayerias agkinstayer small in

2007 (10.08.2007) PCT/US20Q7/011505 " 1. ]1(
thickeesy alsp@doamed layen a3 ajcordpyer larger.in.thickpess thap the non-foamed

s~ AL =L~ i L = =
over e (A, S5 i) ekl b 94 imes tover
and Yd &f R celi€ksimidd ih 8RR RamRed|dyef fexettd strong influence on a
printing performance of the non-foamed layer constituting the surface skin layer. The
inventors further continued experiments and studies and finally made the present

invention.

The description herein of advantages and disadvantages of various features,
embodiments, methods, and apparatus disclosed in other publications is in no way
intended to limit the present invention. Indeed, certain features of the invention may
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features, enbodi nment t hods. and appar at us

di scl osed therein. [ﬁ%"cﬁ%ﬁﬁwé 18f"‘“¥'ﬁ\/@ﬁ BB 209 7THR(I/US2007/011505
preferred enmbodi nents of the present invention have

been devel oped in view of the above-nentioned _and/ or

L eOE: UE: e

. i mprove upon exhl stl.ng rret"hods and/ or appar tues 10
be capabig of oMercopingraerain disadvaalages, white stillivetsimingtsonaor all of. the _

reatufetBofre: ciholh " pafdEie SKReel R or abl

used as a packagi ng heat shrinkabl e | abel capabl e of

perform ng high-grade clear printing while preventing
breakage of a cont aPigsl °§§"‘¢t‘§f 89F‘ng properties

and 15 giving thermal insulating properties when the

sheet is applied to a container. Anong ot her

potThe pedfeaddarnbodiserts of tbe‘qnnds’serﬁnnsemrmn havee beenaleveloped in

view i the bgvedtRauSash AL pIR pratiSmsene FePbed o % The preferred

emb@@mﬁér&g oRehé preéseh® rh\fe.rmm(tdnas{gﬁ;f@aﬂu@.ﬁupm;{»@yéﬁustmg methods
e., a non-toamed 20 polystyrene | ayer excellent in

and/@UﬁPﬁé@tQ$Q%S| ness and surface smoot hness and a
foaned pol ystyrene |layer. According to a first aspect

e AmEhGi RS PobaefPehales. RimBriRRIm LS Toh iy a heat

shrlrikéb@! foapmed Shedt exgelenPireslrfyes glogsifless and Sﬁﬁf&&éttmoothness
er constituting a surface skin |ayer | nt egr al |

PfefﬁFfégl’Yeléﬁ%‘rﬁft pPackagipg heak pbFinkaiplelabel capab perfonsaing high-grade
cleaiHind e el biRakade of ool b S o4t i properie and

givingrthehmahinsutating propettiéswhestherdteiet és applinetite A eontainer.
preferabl y, the maximum 4 |11

“Trrrrar~trrrrrtrittrrri (1 Date of receipt: 10 August
20Q¢7m6ﬁ§ &ﬁe?@@iéntﬁ@ﬁgd/ @gééoédrﬁéﬁambodhnienltstctégﬂprbwde a heat
I —~

shri b{qﬁopmmskq?qmlentm pripting chp[qcmqnqtncs cpimm;lh}; |at least two

evel g, o, e 0 By 1,y 2 e

polystyrariehlayes exselemiin stirfdée glassiness sand\sudace agwmmaess and a

foamedcpolystyrgneﬁay%f a preferred enbodi nent of t he present

According to a first aspect of a preferred embodiment of thé present invention,
a heat shrinkable foamed sheet, comprising:
a foamed layer constituting a core layer; and
a non-foamed layer constituting a surface skin layer integrally formed on the
formed layer, |
wherein the non-foamed layer is less than about 1.55 um in maximum surface

smoothness measured in accordance with 1SO8791-4.

In the aforementioned heat shrinkable formed sheet, preferably, the maximum
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i nvention, a heat shrinkabl e foaned sheet, nﬁl’ ng:

5 a foaned | ayer con TH’fJf?erPé‘ lﬁAeé'sz‘t"ég)&"“ %T/US 07/011505
non-f oaned | ayer constituting a surface skin |ayer
integrally forned on the fornmed |ayer, wherein the

ittt cel | s forS?e%Gm ) i

* foarred Iayer in a cross- sectl on taken along an 10
H’(?d; d | ayer and | ess than
surfagétosut gnsgémrsle%%% gge‘s'ﬂa%&'ggé ‘ent di aneter of foaned
cells fornmed in the foaned | ayer in a cross-section
taken along a direction perpendicular to the extrusion
di rAecording tbra séword aspace of agprefernedienstiodimienblof the present
) formed sheet, it is preferable that the 15 average
lnvergm,\aa'neattstmmefomed Isbeets £OEWPrEsiNg:s in the
Craos ec ‘ontake ugthe extrusi on direction of
th@ f'heéLq éP” COEE BYR:ANd ess and the

-5@%@0?&%’“@%@&@“@‘@hﬁ%@oﬁ%ﬁ%ﬁ i frmed on e

form@ngdl cular to the extrusion direction is about 19.2
mor l'ess. Mre preferably, the average equival ent
di avfedreln tHe famméd dRY is fddsthan aboet QO%?m?ﬂ?ht/@rfage equivalent
taken al ong the 20 extrusion direction of the forned

diametgreof foamesbeellsiformerhiothe deameddayerdna erasgesection taken along an

e i 1] e B b B o
eaulafertcifiafie! Bt Bhufed 3%@* Bitric due toéﬁe% Ryt i 8hoss dection
ke RBRE 8 tcrbpoPBEARLlr 51 kR of Lhe

preferably, the maxi mum sur f ace srmothness of the
non-foaned |l ayer is about 1.49 mor less. 5 :Q
| z.Inithelafpregneatiened heat shinkable faxlm@ed;shgemtt is preferable that the

1 2007) . P 71011 IR 1 K]
averégeoggt%va%%t )ﬂlamcaqgﬁ? ) e/fgamse%scpen%,ln the cross- sectloq @_kep along the

extrus i()(r‘ %{i%%?f Eﬁeﬁ%étd}@%'ﬁr%&f 13 ?“prhrbr ess éﬂé’tfte average

equnﬂa?gnt dl meter of th§ thathed cells iritHe n%rbﬁsiébbﬁor??&%r%ﬁﬁugt the direction

aspect a preferred e I ment o
perp@ﬁdie@let to e akirasion dirdttiah is Aboutk R Rq.rh @ iEss. S Mete preferably, the
conprising: a foanmed | ayer constituting a core |ayer;
averagelequivalent ciametdrafdhedonaated calisrig the cnossasection taken along the

| ayer_ integral Ié/ fornmed on the
extrusion direction of the formed layer is about 17.1 um or less and the average

A

equivalent diameter of the foamed cells in the cross-section taken along the direction

perpendicular to the extrusion direction is about 18.4 um or less.

In the aforementioned heat shrinkable formed sheet, preferably, the maximum
surface smoothness of the non-foamed layer is less than about 1.55 um. More
preferably, the maximum surface smoothness of the non-foamed layer is about 1.49

pm or less.
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formed in the foaned | ayer in a cross-section taken
al ong an extru5|on direction of the forned Iayer
4 I o A1 SEELKBE A £ AR e A H o 3 a t
il ﬁﬂllﬂlllllﬂlll!lﬂﬂ[ﬂllll!mmﬂt

—— NRGITYUS200
mm%ﬂ{tu. i i T ) mﬂm of the foamctiiHe
) ' the foarred Iayer in the cross-section taken along the

ext
m Aphdfg %%‘“d BpakLbfs pff@"eﬁ%a%@?éé'g"%“@&qﬁn t ‘B&tfg?%ﬁ* invention,
" a hedtoRkabRl t‘diarﬁédfshéeﬂ‘ Q@m.d..ag in the cross-section
taken along the extrusion direction of the formed
| ayeefoansedilayer chAstitutimgoa corskayerjdandie 15 aver age
| ength of the foamed cells of the foaned |layer in the
cr @sBordeamed laysreronstisuigng errurticesiin layepdntegrallyfareed on the
he extrusion direction of the fornmed |ayer is
5 fOfmea &MeM66.2 mor less. In the aforementioned heat

St B s R R 1985 3hBh 3ol 2p35 i FPfidhée tengtn of

foambaacréllﬁkaHhe& u%h@‘foar'?@&%%reuhea" éf@s%se&i@n WBkerTH®Bng an extrusion

surface snoot hness of the non-foanmed |ayer i s about
directioAbfrtherforraed layercording to a fourth aspect of a

preferred enbodi nent of the present 25 Invention, a

heat shrinkabl e foamed sheet, conprising: a foaned

| ayer constituting a core | ayer; and a non-f
10 | a¢erthscﬁf9f¢me@t'w§e%h§at F'aré'ék%% ﬁoqrgyg Shegt, d-’g’ F—‘Eﬂ"??'Yr the average
lengtty & e foAmert cells§ TR 1oBfieq [aver in the eraserection takep along the

A R

the allerade lenbth of ghé |foé‘||9elh|dellb |df1If1\é ¥3drhed |§yéAH lnltlhe\Moss-sectlon taken
......... ~~~, IS oL AR~
along the extrusion| darecttldmm the formedilageriisabout 1167.0 um or less and the

PHljiiPl~~fl1LITiff wherein the foaned |l ayer is |less
15  averagmiengbldof thefanmed relis et egHYEA In thestass-sestian taken along

orned in th a S
the Jtteaﬁénaqergét&a@f%sﬁg‘tat%@{qsht @lr&ttﬁ% GOFRaReb3pTE g about 66.2
“méh cd 0oaned layer is less than about 15.2 rn in

average hei ght of the foanmed cells fornmed in the

foamed layer in a cross-section taken 5 along a

direction perpendicular to the extrusion direction of

t hdnf thenaforémmentioned heat shfiokabte foamed sheebt preferably, the

shri nkabl e foaned sheet, referabICP/ t he aver age

20 maximum surface smoothness of the non-foamed layer is less than about 1.55 um.

More preferably, the maximum surface smoothness of the non-foamed layer is about

1.49 um or less.

According to a fourth aspect of a preferred embodiment of the present
25 invention, a heat shrinkable foamed sheet, comprising:
a foamed layer constituting a core layer; and
a non-foamed layer constituting a surface skin layer integrally formed on the

formed layer,
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hei ght of the foarreche aned IaM r
in the cross-section % erﬁce%&’lt o‘ﬂg‘“g'tSh@"éSJP%%‘f"ah"CT/ $2007/011505
direction of the fornmed |layer is about 13.5 mor |ess
and the average 10 height of the foaned cells forned

St pai

of the forrred Iayer is about 13.4 mor |less. Mre

pr Qfrirai the 9‘?5 25 Qﬁén %thmsfcpam%m S\?érjage hei nght of

formed 1 n the I"ayer € Cross-section

foamed @efls forenedkin use tmarﬁed w;idr(m a%robﬂ%eé@éﬂwked aoeg arP extrusion
about 12.0 mor |ess and the average hei ght of the

directioof the éimsed dayesdndithetfoanted layee i lesg ¢ham abobe 15.2 ym in
cross-section taken along the direction perpendicul ar

average height @&Eh%fgamﬁdjcelkscﬁormddn the éoaraﬁﬁéaway@r criogs-section taken

an about .11 6 he. af nti oned_heat
along, & Heklh etrBeheiAlier e tne axbiSichyfijeckian.of i fabiied taver.
surface snoot hness of the non- foarred | ayer is less
than about 1.55 m 20 More preferably, the maxi num
SUlh 3RE aForePhemfsifedthedtshrivkabliefarded aheét, Ip?efé?@bny the average
1.49 mor less. According to a fifth aspect of
heightroé ftbe feamentietis fermed in thefqareed tayer v éné cross- sen:tnbaetaken along

shri nkabl e foaned sheet, conpri &q\g 25 a foaned | ayer
the ewn§m¢nf¢¢t@moweefqrmﬁ§rlaygrnts apavirl 35w @r|lesseend the average

heiotl the Sprch Ry HOrfid it g foried ves T 45 Foss Setion Baken along
the d P@f‘on?B%Pﬁqlfq ?’21%{ Eq ﬁ% gﬁl{rhfliaﬁ Q?Péﬁ ﬁﬂ%g?égg rﬁg% Ia\ﬁr is about 13.4

pm ol@es@UQg%éTe/Z&@?er%BW ®Re %QQ@geF}g gh’csaf)@r?é FoakRES celld N)r'n'ibd in the

foamed layer in thelclrdaés;lréd:dtibﬂ f.akiehl élbhd; ithé Ielxtriubidri dnré¢t|dn~of ﬂ'fe formed
foamed cells formed in the foaned | ayer in a
layer i3 3Beuts 4.0 wn ardessand tigjaveragriheightsf thaifesmedsellsformed in the

. er _a d t aye ess_than
foams Gaerdnane GOREsRHan kepIana the Hirestion GetRen e to the
extruEfUn”&?e&tfbnt BFtr{ OPdFﬁ%d |% EF n§ |EFétﬁz{rP§§%§teﬁ 160 imi aken
a direction perp AP 40 PRe extriuar on
dlrectlon of the forrred Iayer 5 1n the aforenenti oned
heat shrinkabl e foaned sheet, preferably, the average
ar ¢a thé daforermenticried heatsshrinkabée foamed sheet, prefaerably, the
along the extrusion direction of the formed |layer is
maxigmyon surfage snothnessef theonondaameddayerdsdess s abeut 1.55 pm.

ned cells the cross-s ion taken al.on .
More{Breteaply; B MAURHEh SHEaF S SIS RS Scal eI ARG I is about
149%78,1% ,égge formed layer is about 759.9 nR/cell or |ess.

re préeferably, the average area

According to a fifth aspect of a preferred embodiment of the present invention,
a heat shrinkable foamed“sheet, comprising:

a foamed layer constituting a core layer; and

a non-foamed layer cohstituting a surface skin layer integrally formed on the
formed layer,

wherein the foamed layer is less than about 2,511.6 um?/cell in average area

By 200;
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of the foanmed cells jn the crass-section taken alon

the extrusion di rect]#aéﬁddfce‘tpﬁég%W?@&Pﬁlgi}/%?“?)sp %‘6%1007/011505
1,462.0 nR2/cell or less and the average area of the

foamed cells in the cross-section taken along the .

banitS it i, © B TS 290w AR

) B e A . ¥ vy
¢ t he aforenenti oned heat shrinkabl e foaned sheet,

of -fo:ﬂtlﬁ{j ?:%g?nt%mé@ﬁ tl‘lfggfqa'méﬁ Fah‘(gfr'] ﬂ'gg oéu %{%&%ﬁ’taﬂbayggng an extrusion

I"ayer ess

direcB6R OF tRE Forméd RayBP anbithe Yo fritetla §aPRUBECEHANCADbAI®70.7 pm?/cell in
non-f oaned | ayer is about 1.49 mor less. 20

averagecarediofjoamed celis formeg ér theofoamed iyer ired ceodsesationttaken along
of the present invention, a heat shrinkable foaned

a direqiios: perpgpgicuianity: the exeusien dirgetionr of the fermed layesor e
| ayer; and a non-foaned | ayer constituting a surface
skin layer integrally fornmed on the 25 forned |ayer,

0508 e RS, B e BIEH 1ERrfab e avere

area gfm@fbarnea lkend pRRclod¥kctith gaﬁrgélgggﬁcggig%mswaw%iuon of the

ong an extrusion direction o ayer. 8

formed\dier iyydbolt 1,086:8-fiivi*#dellldrliesdarnd the avsragptared Of the foamed cells
August 2007 (10.08.2007) PCT/US2007/011505 PCT/ .
in the erogstsection(taken [along the direction perpendiqulan to thecextrusion direction
orenenti oned heat_shri n%{abl e foamed sheet

of th%}%’f@%ﬁyﬁf is sroub /B gamdrellantessenMose Areismblvcihe; ayerage area

R e T

f
form&d %Cyggr?‘s%boﬁfoi,%ﬁ.(?gfﬁf’éggb’or I8s< &d ﬁ’{@é\?e%l%ge_area of the foamed cells

cir ‘erenti1 al ength the foamed cell§ in the

in the cesss-sktionakéea atongtisngirettivn patpemiiculacio thag extrusibn direction
the formed |l ayer is about 342.1 4mor |less and the

of theferraee laysirris abbut 5A9ilapm’/eltor Iess.t he foaned cells in
the cross-section taken along the direction
perpendi cular to the extrusion direction of the forned

e PRk o SRR skl shiy preferably, tne
maxifiuph %ggﬁgg’srﬁé&hﬁéﬁ BEHERS Hbﬁ%snwnsg&ggagnséatn&rpgbout 1.55 pm.

non- layer is I'ess than about

MorePpreferably, Yhe inheximmun surfase shivothaessoofhthessonfoared layer is about
non-foaned | ayer is about 1.49 mor |ess.
1.49 um or less. -

According to a sixth aspect of a preferred embodiment of the present invention,
a heat shrinkable foamed sheet, comprising:
a foamed layer constituting a core layer; and
a non-foamed layer constituting a surface skin layer integrally formed on the
formed layer,
' wherein the foamed sheet is less than about 468.7 pm in average
circumferential length of foamed cells formed in the foamed layer in a cross-section

taken along an extrusion direction of the formed layer.
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15 According to a seventh aspect of
enbodi nent of the pr%@“eﬂtreceipﬁ\}gﬁf‘?‘ﬁ‘rﬁoog(lprggﬁom) PCT/US2007/011505

shrinkabl e foaned sheet, conprising: a foaned | ayer
constituting a core Iayer and a non-foaned | ayer
) . S K. epCTy Vet 'a' T
Bl Ay B Dy - F e 2 O A RS Ay
about 195 5 cel | s/ m® i n average nunber of foaned
cells formed in the foaned |l ayer per unit area in a
cross-section taken along = an extrusion direction of

t hen tieé Eﬁﬂ'eh%fﬂfonehrhéd%%rﬁfrikbﬁl@@ahﬁ’é@Qhé&abreferablg the average
shri nkabl e foaned sheet, preferably, the average

circumferbatialdengtinok the fddmed celizih the thvssiseation takerealavey the
unit area in the cross-section taken along the
extrusienrdiegctiondfr et foomeddayeroigtabore @&%Imnsp sor Mmepreferably,
refe abI t he aveF\ege nunber of foanmed cell

the aygpgeATcAMTRENtS #%wthafé amgd;Gells 4 the Frpssrrection taken along

e TR T e -
cnrcurgﬁfﬁég 89?}% %pr% Qél%ﬁﬁ The crdss-section taken along the direction

perpérididulart td thé extrlibibh|ditdctibhlofithéffotrhéd l@jarus aB4at $38.0 um or less.
cells/mMmR2 or nore and the average nunber of the foaned

ceI s formed in kt he Ifoarredhl ayer per unit areadl n Ithe

£ 015 R SfreduBIpHa et Snbble foartsd she o pE et
ma A Syl S bhe e @é%fé#‘ﬁs%?v%ﬂgné#aﬁﬁw
More HHEfGH 5By S RY H@ﬁﬁﬁﬂ%}é&%&p?@%ﬁ@ﬁ@%f‘t theSior-fodrRéd layer is about

1.49 ﬁmﬁa@gssrmothness of the non-foaned | ayer is about

1.49 mor less. 10 According to an eighth aspect of a
preferred enbodi nent of the present invention, a heat

S ASEPILRG o AcenERE PERARE Ol Aratered. Q'Bgﬁ?Fg?Lﬁg‘yt%:: present
inverf B ottt sPiiohapll foRhech Shabe, BRrisli o ®) LY 1 o 02 O

abaua tﬁ"%’ 96n§t§%nb%é‘dr%”%9€r'é?ﬂﬂth of foamed

ceIIs 0 oaned |l ayer 1n a cross-section taken

al engorafoamed Usyercatistibutinga suefacelskirf ayee thtegyatly, formed on the
about 342.1 mor less in average circunferential .
formea tayehn, of

wherein the foamed layer exceeds about 195.5 cellsfmm?in average number

of foamed cells formed in the foamed layer per unit area in a cross-section taken along

an extrusion direction of the formed layer.

In the aforementioned heat shrinkable foamed sheet, preferably, the average
number of foamed cells formed in the foamed layer per unit area in the cross-section
taken along the extrusion direction is about 272.5 cells/mm? or more. More =
preferably, the average number of foamed cells formed in the foamed layer per unit

area in the cross-section taken along the extrusion direction of the formed layer is

I
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foaned cells of th d | i -sect i -
taken along the oxtr Dot Bicst o et B gPopREPAT g sos

| ayer, and about 349.5 cells/m®2 or nore in average
‘nunber of foanmed cells formed in the foanmed |ayer per

K6l £ ST S Z0 O R AR B0 B

af orenent i on.e"d _ -é"at | shr i'nkabl e foaned sheet,

Y e —
the fEaRbaA AR Yper it FPeA Wfﬁééfcfs@%‘étﬁﬂﬁ%ﬁ@%ﬁn% tHe Girection

non-f oaned layer is about 1.49 mor |ess.
perpendidlilal td kheé iktrusidn dirédtidpedfethef forawel layer éRceddsustiout 647.9
2007 (10.08.2007) PCT/US2007/011505 PCT/ US200 MON. f4 :
cellsfmmfE ' { | 1~ MR According to a ninth aspect of a
preferred enbodi nent of the present invention, a heat
shrinkabl e foaned sheet, conprising: a foamed |ayer

condche rbingn &g hE¥ERnn S e SRRRL SrBlThbly. the

_ o I .
ity S b AiEte opORE RO LBREOBAR S A T ppBBNL 55 .
Moregheférablw thé ayBimum supaos Stthhess detrNneh-F68med layer is about
irection perpendicular to an extrusion direction o
1.49 yime of dessed | ayer, about 138.0 mor |less in average
circunferential |ength of foaned cells of the foaned
| ayer in the cross-section taken 10 along the

diyrect|. r j tQ t ' di rect :
¢ RSP 18 B BT oy L AR rE B e esent
; ' HHHIR din the
mver*t(f)bgaﬁe‘égﬁ ayer pe?"%ﬁ?atrﬁgd?ggg?ﬁ%?h@)riﬂ 's-section taken
al enganhed tHyee @ohstitut ebicCldyar; an® the extrusion
direction of the fornmed layer. 15 In the
af & samffodmeddaperaconstituting bl suirfaserskin tdyestintegrally formed on the
preferably, the maxi num surface snoothness of the
formadlayesamed | ayer is | ess than about 1.55 m More

non e EpeT BB Th 3804F 167 G HIEES i gvisdGe tength of
foam%?c&{rl]lqi d?‘QhE%Qrﬂe%”I%geiaﬁ'PS %Fos%f-s&tiBhecfaﬁéﬁ %rﬁjﬁ? A% on direction
or 1 t abl e

e present invention, a heat shrin e foane
of thléff@ﬁhed qavdm':r abbug342 1f parsmdesaitavaragetdifcuiifegeritiat deregth of
ayer; an
foamed cells of the foamed layer in the cross-section taken along the extrusion

direction of the formed layer, and about 349.5 cells/mm? or more in average number of
foamed cells formed in the foamed layer per unit area in the cross-section taken along

the extrusion direction of the formed layer.

In the aforementioned heat shrinkable foamed sheet, preferably, the
maximum surface smoothness of the non-foamed layer is less than about 1.55 pm.
More preferably, the maximum surface smoothness of the non-foamed layer is about

1.49 um or less. \
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a non-foaned |ayer Cﬁﬁ%ﬂ.‘e#&dt“ﬁ A%F.%syie@%% 0§\A$3]d’7) ﬁé‘i’/%ﬁf]oowonsos

integrally formed on the rmed erern
foamed |l ayer is about 17.1 mor less in average
eqU|vaIent dianeter of foaned cells in a

A, o B2 S R R

average equi vaI ent d| arreter of the foaned cells in a
CABSSTARRFE] 8 Minthkaspeat 618 Fe@rf&?éh%dﬁﬁéﬁ@ﬁﬂtt@b@seh@lnventlon
the extrusion direction, 11.i~>~ c- !

a heat shtinkaBleifbairied shedt| tbrriblismglf recei pt: 10 August
2007 (10.08.2007) PCT/US2007/011505 PCT/ US200 ,,~1.1.
-, a.fpamed layer constltutlng(a core layeq,-|and11|\/| | | | |\|1 1111

I 11~ '
| ~P|rrqrrF'°qm¢ |'§wqrtqqmst¢tft{nq & shifacein laver B’&ﬁﬂ@'!ya%Wed on the
ut 167.0 mor less in average |length of the
3 formérdzlé'ﬁgg cells formed in the foaned | ayer in the

réﬁ%b%aﬁ@&qﬁgﬁa%%&% g@l‘h}ﬁg?? Té%s iflal CIEngfh of foamed

e ornmed |l ayer a ess I n avera
cells bfemet foanhed Ryer irparedsssédtiorpfakenealbng aedirectiosy penibehhftular to an
cross-section taken along the direction 5
extruptenpd!mntmml off theoformeddryer about dBBdkpivoer lesstih@vemaeed
yer, wherein_the fqaned Ia er is 30ut_12.0 m or .
circurrential (Brgk g6 f%mgﬁtceas oF 1B foamRaavn INEhehstrsertion taken

10 alonge&lerélgg H)dn laé? o i arhfb f?}eg ISaE 'cf ffb S{#C}:ﬁlga’gﬁptemayer, and
excee?d%r | > tﬁ%%l%f?nne e Hﬁhb%f' of F6ambaaERs fo;fbéé in the

ayer 1n the cross-section t
foameH9agertgte dhit 8/da iBrtheQross-pedtibirctdken dl@n%hﬁe girettion perpendicular
direction of the fornmed | ayer, wherein the foaned
to thé ayxtnusion dibectionlofite tbrrrmfc‘claVEr or less in average area
of the foanmed cells in the cross-section taken al ong
the extrusion direction of the formed |ayer and about

15 celnanf rotrmedtionse’ Bead s B g Shebt Tyl the
maxn{n’\‘?fn%gpﬁpﬁé 'sﬁﬁo%ﬂné&eoﬁﬁé H?h ‘fBaﬁi\' g 8 I8§sbfﬂh?1 g%éut 1.55 pm.

ayer erel oamsd ris out

More'Br%FerbBFyS thé) nANEMAE sGifhEe l§frﬁfd€ﬁ|ﬁe§s‘ of thehgéh-feédmebdayer is about
foamed cell's formed in the foaned layer in the

1.49 gnoosiessct i on taken along the extrusion direction of
the formed | ayer, and about 138.0 mor less in the
average circunferential |ength of the foamed cells

o ek B S i 4
inverftll SR SHrlfeble Bodhed Shect, Mg & o 5 e 1 n
aV%rﬁﬁ?néH'I% constituting a core layer; and

a non-foamed layer constituting a surface skin layer integrally formed on the

formed layer, -

25 wherein the foamed layer is about 17.1 um or less in average equivalent
diameter of foamed cells in a cross-section taken along an extrusion direction of the
formed layer and about 18.4 um or less in average equivalent diameter of the foamed

cells in a cross-section taken along a direction perpendicular to the extrusion direction,
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of the foaned cells forned jn t )/r)elper o
unit area in the cro%¥¢ %ferﬁctelpfrﬁot"‘é{%‘b“hmo?a 18'% 4OpFCT/US2007/011505

extrusion direction of the forned | ayer and exceeds
about 647.9 cells/m® in 25 average nunber of the

IR Gy oS RO0 R AR S m

perpendl cuI ar to ‘t e extfu3| on directi on of the

8‘"%3 Jﬁba%% '%g‘f‘@’%&% Bé‘f@o%@}n",“]"ﬁ_ , &2 %%flgngth of the

foamed cehf orfﬂnerr* rf‘ & ﬁaﬂ%dlllaile[ in the & %Js%liii&jl\ Eéllirl along the extrusion

direcﬂé@bélmelfmﬂﬁ@d lé\,@tamjﬂabmkta&s.e Hraaradss h'eﬂera?e length of the .
preferably, the maxi num surface snoothness o
foamead rcells afrthe fogmedi Iey¢reissthermnsstbmﬁomta3@nmlonytthe dlrection
preferably, the nmaxi num surface snoot h'ness of the

perp&fzmcu aake ¢§§E’P5i°§‘ dirrsdion af the fermed layer, 5 According
A L T S SHE
foam88 g@ﬁ% d fh {I’%afg%?/%éda%ég F‘P{i'?e{ J:rtogls 's@gtl tXen élﬂyﬁrthe extrusion

non-foane ace

dlredu@ry%‘f thé féahad llaydrarEgbou 116 prﬂlQ)rfléﬁéTﬁﬂa‘l/éhégé height of the |
wherein the non-foanmed | ayer exceeds about 51.54 %in

foamgt aelis frssednia the fabmed layer dn Hae ceosstsactipBakes akhgithe direction
in an extrusion direction of the non-foaned |ayer and

perpendicidlas t%%@ﬁmsm difedtion efstherfosmeddayel ed in

@&Fé | [Sfp{é%%%? 1%&%%2 ¢ gdlz(r;ﬁlt%r? féss i average area of
the fSﬂ'ﬂenka Pg%?rto ]%g{el{ﬂnttgf%rfé@g\g :@té@ﬂ%‘i’%ﬁ; Bitection of the formed

layerl #HEabOR Wllt urhd/cefi Braésgmr S/drigd Iaeéas bf €56 fomnAgd icells in the
in accordance with 1S02813-1944 in an extrusion

crossdsection takenfalohg the direction gerpgreliculadto thexbstrusist. dicsation of the
or nore in glossiness nmeasured in accordance wth
forme@;@@pg 1944 in a direction 20 perpendicular to the

S AR —
|engtﬂr&ftﬁfeﬁ’?5§1 ?%tefogrﬁ%d iftRe %arﬂga ﬁﬁr ihthe ‘"c%%—%é&i’&% taken along

as rec ementi o rst to tenth
the eXBRBION @ﬁrecﬁdfﬁoﬂtlﬂ?ﬁ:ﬁfnédﬂé?éi lap@- abBut | 188.0:¢m or less in the average

af or ementi oned heat shrinkabl e foamed sheet,

circumfefentiablengthiaf thefoeohed cells formed in of the foamed layer in the
cross-section taken along the direction perpendicular to the extrusion direction of the
formed layer, and

wherein the foame_d layer is about 349.5 cells/fmm? or more in average number
of the foamed cells formed in the foamed layer per unit area in the cross-section taken
along the extrusion direction of the formed layer and exceeds about 647.9 cells/mm? in
average number of the foamed célls formed in the foamed layer per unit area in the
cross-section taken along the direction perpendicular to the extrusion direction of the

formed layer.
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| is f db t [ | t
co ext rusi on two- | ay bt BTt R b oo 0 geypsponmionsos

of extruders, the nelt containing a nucleus formng

agent and at |east one of 13 > 1~~~1~1~, ~l|~~o0. . =
oMl 1505 1 it TS

. N I T B e St R B Y I

fl [
| 7 TR vt derkpbisoatyed bt preferay e

maxiahy Buiface smidiothhERCor thathdiiFeamed ilwqu/)%ﬁs&%%t%ut 1.55 um.

and trioctyl trinellitate blended to a ystyrene
Morepreferably) thegmaximumsurfacasmoottiness bf fthetrioer-foamed layer is about
contai ning at | east one of nitrogen, carbon dioxide,
1.49 pAyomlesbxt ure thereof in a supercritical state, and
~the non-foaned layer is fornmed by extruding a resin
fromthe co-extrusion 5 two-layer annul ar extrusion

on PPN 13 e it aRst bt A Frrert s BBialngit B present

invenﬁBnPS'ﬁé%&%hﬁﬂﬁaﬁl@*g@ﬁ*%@éﬁéétnﬁ npRisirg@! Ystyrene as a
mai n_conp and ne

I'n onent, ting themin state in which
t ha foamed egaEeonstitating S €sratigger9angn i nner si de of
the foanmed [ayer. 10 According to a twelfth aspect of
a priefrefoarded faysticonstituiing & suface ekin layer imtegrably formed on the
any one of the aforenentioned heat shrinkabl e sheets,
formech@YRbn- f oaned | ayer has a print layer on a surface

thereof. |t oul d e t t, .
sniireRat e TR oARE 1V SEpa abol of 4 Bunglastngss measured
i 2ckUBRLE RRERIORAA 1520 5 SHIREALAG) UL BFthe non-foamed fayer
and exeeed<edbouk 2514 8f 94 it glbssihedd mehswepantatcofddrite Witk 1S0R813-1944
i nvention and the preferable conditions. According to
in a direchiontparpendisulasdo tbe extrusigredirectiamdbtherpan-foameddayer.
present 20 invention, a container, conprising: a
contai.ner main body; and one of the aforenentioned

cnab e e RsraghFar TG I3y Shedl e the

| n . »
non-HRFdrlYEr Bl dB. 680 of e R BlosSiReas FmpRed in ghordance with
1SO2813110a4f inadreextrasien disddtionvdftthemdrfoathed tayertananischbout 30.70%
ranges is excellent in surface snoot hness and
or motedneflossiness measesadein agcordange withilb2813-1944 in a direction
characteristics. For exanple, at the tine of
perpendianth e extrusiondicrstionRf the ipp-igaresdlayeine of

precise printing, a smooth surface appropriate to

In the aforementioned heat shrinkable foamed sheet, it is preferable to satisfy
one or more of the conditions as recited in the aforementioned first to tenthh aspect of

the present invention.

In the aforementioned heat shrinkable foamed sheet, preferably, the foamed
layer is formed by extruding a melt from a co-extrusion two-layer annular extrusion die

of one of extruders, the melt containing a nucleus forming agent and at least one of

13
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14 Date of receipt: ]}O August 2007 (10.08. 2007?
PCT/ US2007/ 011505 |, at%—r?c@g?dﬁé’uﬂlst %007 (10.08.2007y PCT/US2007/011505
vl f(~1 (Il [~ ~, i -
|~~||||||~|||(|||(|||(§ L III[:‘[IIIIIIIChlgh gr ade
i 4 f r 20¥ Wi ® D
it gl £ ey S 2SR AR s

foarre pol ysty:r:ene | abel éapabl e of giving a

polyb‘ﬂx‘t%%ﬁ‘g%%g g&’lg@gg?ﬂl i< %1% é@%ﬁ?#gmﬂ%ﬂﬁatesblended to a

polysBFBAE irasihyadtih é ﬁaﬁsm cd?ﬁbdﬁédtreﬁ{tﬁfxfrﬂ?éfeébrﬁﬁﬁﬁﬁg at Rast one of
snoot hness and gl ossi ness of the surface of th

nitroge -dachore digpdde,saryd amaixtanectheceofr iesp suplenceitital $tlate and
printing surface can be inproved. Thus, original
f abhe peNdoapiechlayry issmesthy sxtsbding aesia frem the co-extrusion

5 oo Big e AL ol TR A 6B el R Bl ovtainc
o OSAFEHE AE I B B R i

polysWrkhe B8 4 Hdif onfiitcit] aﬁ&%émn% itR¥AGh 4 BEath oh WM Ehe

escription in conj unction w th the ‘acconpanyi ng
non-foamedclayel/iy coated arbadinmattside an the édarded aagror 15
exclude different aspects, features and/or advantages
wher e appllcable. In addition, various enbodi nents
can conpi ne one Q. nore as$ect r featﬁre of o

10 oot §°m%ﬁa§apﬁeta 678 ProReradtSnbogimencobie present

inverfiRcft Aov bRt iR Ak et s R AR B E bt %%gpn-foamed

" NN |1
'ayer% ﬂﬁﬂ%ﬁh"l???%ﬁ%ﬁépof receipt: 10 August

2007 (10 08 2007) PCT/U82007/011505 ~'-s " UTo 0, ~
> X coor PCT/US200? BRI EF
DEmwdme m:demsmm\atmeeamwml@bée feamedisbeetraegarding to the

of the present inventio own by

15 preselidnvRRtaN e BED NSRBI SRRy R ington St HhE

storefl e S 5o TRk SRR et preent

| f oamed sheet according to an
inveritiof the Bg@%ﬁ]ﬂeé icBkaRklons! g

enbodi nment present invention; 10 Fig. 2 is a
scherratl c cross-sectional view showi ng a cooling
device | ocated at a

According to a thirteenth aspect of a preferred embodiment of the present

20 invention, a container, comprising:
a container main body; and
one of the aforementioned heat shrinkable sheets,
wherein the heat shrinkable sheet is closely adhered to a peripheral surface of

the container main body in a heat shrank manner.
25

The foamed sheet in which the sizes of the foam cells in the foamed layer fall
within the aforementioned ranges is excellent in surface smoothness and therefore it is
excellent in printing characteristics. For example, at the time of performing

electrostatic printing which is one of precise printing, a smooth surface appropriate to

14
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front end of the extyrude ectio }
vi ew taken al ong theﬁ‘ftf ﬁ%ccﬁ'p‘o’%ﬁ“?}isbm%é&oﬁigm? / 2 7/0“303

is a partial cross-sectional view showing a parti aI
cross-section of the heat shrinkable foamed sheet

Laleen H{ﬁ!‘i‘%‘ ‘”

~————

iccs H% 494 75 OB 59'#%%444 |a\bEP %@bﬁéwms a high-grade
naturBESERpEIkAdih§camHie &b¥mERkED EMBCDI MENTS I n the
fol |l ow ng paragraphs, sone preferred enbodi nents of -

the invention will be described by way of exanple and
) NoYpn 'thé“féélhé&%heb& SOVl 8'ePh nﬁﬁﬁs‘?% iafl fi
this disclosure that vari g@ éot?ﬁ tRgﬁfl cat’i o sqca?; in a foamed

polystwenadeam;edtsﬂmé the smeomnesbawglosstnem@the surface of the

non-fpamifet paKENFES BRisB Ear P60l Rl artit REEE B bgdmeroved.
Thus aénémbl fbrics ioF printiigPhéat érlmhlawtablels &arl BeFEduBé®. And the

a cylindrical 'shape and di sposed on an

foames!tsseﬁbcarp@eu ysgesk gs afhe@t ﬁac-n&gblﬁdabelrfpaucrae iBaEOrEURS including
t cup. Then, heat is applied to the sheet 1
10 bevelké%te%o%tg{ge?? so that the sheet is secured to the
cont a| ner in a closely adhered manner As shown in

he_ h hri nkabl e rreds ding.to.
t b e bR AT R N ASaE e R By B adLah FRATIAORa D YErious
embo’vhlﬁﬂﬁ@dml Bé%rtﬁeﬁ apprddiateting \ﬁeww&helf@w@.&m@%mmon in
foamed cel C therein and a non-foaned |ayer 3 _
conjunstioniwith m@a@cqmpanwag Sigurest eMarigusembedidaents gapdnclude and/or
15 exclu%% %'éésrg)%%han fﬁgﬁyoarreéal f e a@&f‘dﬁ?%hﬁl% ?Hﬁtéa%‘ie' "n addition,
varioa$ embcaﬁhent:oemmdon’rtﬁm ong dramoeel abyectar-featuresifothef0

r ei naf e of t he produgtion ne
embadimenta herg PRRUGAET | SHREIFSCHRBPRRAS PSREFtE, splires and/or
e a$ liffiting other

advaﬁ%a?ﬁsﬁ’f ik s“'éﬁteﬁt%"édﬁﬁﬁ?? ATk (e a8 iffting other
embddimeats ookhe gladmsr uder 12 (nelt cooling portion of the

first extruder), -and a second extruder 13. As shown

in Fig. 1, as to the foaned | ayer 2 constituting a

core |layer, for exanple, polystyrene resin as a raw

material is introduced in the first extruder 11 as a

30 primary extruder. At the sane tine, added to the

pol ystyrene resin are a nucl eus form ng agent, such

as, e.g., sodium bicarbonate or citric acid, a

pl astici zer, such as,

15
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10

15

e.g., nonvol atile poby&Bre®pt:an ARRRNMOT tm@@lz(b»y) PCT/US2007/011505
asditridecyl adipate (DTDA), and a 17 T ~ | fl Vv.

PErrrrtitttil~~~iiilll Date of receipt: 10 August
2007 ( 10. 08 2007) PCT/ US2007/ 011505 PCT/ US200 <<

. SR, ™IS 200 T B0
form ngcéggﬂﬁiﬁﬂ@%ﬁﬂﬁ%%ﬁ?@%é%ﬁﬂéﬁ? resin

viscosity controlling function. These materials are
heated into a nolten state. Thereafter, high pressure
nThe qyefersed cambodimentsi efethe present Hﬁleﬂtlboam‘mghag'enby way of

el 08, R =

sol ved |n a supercrltlcal state. The polystyrene

sin is nmxed a kneaded th a screwin a
W
Fiadine SHEMmABIC Vigw Siowibo & Radueion apParali P iing extruders

e ¢ t r
used ch gfé’tfu%?? ho?9 sﬁﬁﬁ?éiggtfoéﬁféﬁs@ acE@rSinh%ﬂ? %Q ém%dﬁ'ﬁ’%t of the
presentinwention; e appropriate to the extrusion. The

resulting resinis integrally coated on an upper

surface of a non-foaned |ayer 10 transported in

aplganas af scheEndtic ERBssecBIndlUAeN shdwihg ¥ odling device located at a

- co-extrusion annular die 20 provided at the front end
front gndiafdhejedruderti r uder 12. Thereby, an integral
two-| ayered resin sheet including a foaned | ayer and
a non-foaned | ayer is extruded into a cylinder shape.
16gTBds rocrobsaactional wiew Iaken afonettekiime Bad @y Fig. 2; and
constituting a liner of the two-layered sheet
consi sting of the foaned polystyrene layer 2 and the
N& P ﬁ‘@ﬁ%m@ﬂédﬁi& %é@ﬂﬁ'\él"w&(l sﬁoWﬁn PEYHHEELrdSs-section of the heat
the sanme tinme of reparatlon of the
Shf'"k&i&‘h&ﬁ"ﬂﬁ?eﬁhegt geeRrdinaiethe pl’ﬁﬁeﬁg inventionext r uder 11,
a mxture of polystyrene and polyolefin (ratio: about
80 % of pol ystyrene, about 5 % of pol ypropyl ene, and
about 20 15 % of additive agent) as the material of
t he non-foaned pol ystyrene layer 3 (skin layer) is
melted in a barrel of the second extruder 13. The
nmolten mxture is transported to the annular die 20
provided at the front end of the cooling extruder 12
of the first extruder 11 to be joined to the foaned
pol ystyrene layer 2 (core layer) from the first
extruder 11, and extruded fromthe annular die 20 wth
the two layers with 25 two |ayers integrated
toget her. The non-foaned | ayer resinis not limted to
pol ystyrene resin, but can be any thernosetting resin
i ncluding, e.g.,*a butadiene series or acrylic series
copol ymer resin copolynerized with polystyrene or its
m xed resin, or a polyolefin series resin including,
30 e.g., polyethylene, polypropylene, or copol yner
thereof. The foanmed resin |ayer can
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be any thernosetting,resin e'p@qlo%qglrrlgzoo‘?(lg DB2007) BCT/US2007/011505
pol ystyrene series resin, ock

copol ymer resin or mxed resin copol ynmerized with
butadlene series resin, or 18 s
e il B et L b | ACT/USRO0FOA1E06s:
ﬁﬂﬁ..ﬁﬁléﬁmm}iﬂ Tblsiishs i by 2007) pCr/ Usaomanmmsomt MMM
2007 s ~ il
| l DETMHED PES¢R.IPTION OFpEHEoPBfEF:ERBEnﬂEMﬂQDIMENTS
foam ng agent can be carbon dioxide, nitrogen, a
m xture of carbon dioxide and nitrogen, or
nohvmeatdllbwnggipamgrabhs,awme pbefedieaiserhbedmhenta of¢hennvention will

be deggg?ﬂds pi w%&qu e%(asﬁaﬁtp%é\%iﬁé i étén@? ﬁhftﬁ?mog-lrcp ge undm r&%od based on
5  this d&%@ﬁ[n?é tRdtodricusadtpet ﬂwddiﬁc%ﬂs%&ﬁf be T&d& B? thbSe in the art based
form ng agent can be inorganic and organic foam ng
on thesecillograted embiodimegtsat s, such as, e.g., sodium
bi car bonates, citric aci ds, and’ arri de 10
azodi car boxyl ates, or a mxture thereof. The wetting

agené heat shenkédblkaesinfoafiedosheet poagdurtiRIgEto @ embodiment can be
| ow nol ecul ar-vvarght pol yet hyl ene wax. The wettin

used agEHIOWSs  RREE@MRIECIIR ARt IgiS TREAG IOy Ce-s Be¥inAgcal shape and

10 then 4REoEL 2 SREMADARTE R e pickaglR FRaIET shcn'as a bottie or a

cup. p‘I‘bq'.re,rmgattis aplpdaeﬂ dartbd shepbd ® shaink it,oso tut theghestiinsecured to
scosi.ty t.o inprpve physical properties of the foaned
the c%rﬁgg}erinafgpselég %c?rﬁf CIEE properties such as
t oughness or shear properties of the sheet 1, and

extrudability can be a hi gh-nol ecul ar-wei ght este
suBh SQQW”emdglg gi the B@@Sfﬁh"%qm fogmed I§h§¢\§ accordlng to this

s ermofHERSp e OB pTd i b Bl cor

layer hasing. foﬁheedsuelfsac ¢heasini ahdtamomfoalm\edriaverf daosgtikitingta skin layer

et FarmaS RS st 2tk TS SiheT S e pmatr i

thlckrWﬁsttﬁaH'tﬁgq’Bbrﬁeii |a?ér addetyd ﬁe&ogﬁrrrﬂdablé]ﬁaaﬁﬁé@ 5heefs formed by
e surface to thereby keep the opacity of the

co- emmsmn surface. Cenerally, 5 to 10 % of titanium oxides
20 are added with respect to the non-foaned |ayer
portion. In addition, in order to increase strength of
t helereinafer, ai’heﬁmpmﬂofabwprdﬁtlcﬁoﬂ:(}ﬁ(emod of the heat shrinkable
et hyl ene- butadl? | ock copol yner is added as a
foamed spget will pe sxplal shown in Fig. 2, the extruded

cylindrical two- Iayered sheet 21 is forcibly

Fig. 1 shows an extruder for use in the production method. This extruder
25 includes a first extruder 11, a cooling extruder 12 (melt cooling portion of the first
extruder), and a second extruder 13.

As shown in Fig. 1, as to the foamed layer 2 constituting a core layer, for
example, polystyrene resin as a raw material is introduced in the first extruder 11 as a
30 primary extruder. At the same time, added to the polystyrene resin are a nucleus
forming agent, such as, e.g., sodium bicarbonate or citric acid, a plasticizer, such as,
e.g., nonvolatile polymer ester exemplified by asditridecyl adipate (DTDA), and a
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cool ed by bl ow ng cogli mFC%g’mlta%% %oow&'_(@%ﬂo% lgj(,el"/USZOOWOIIsOi

f oaned pol ystyrene Iayer
11>1! 1111121111!112111!! Date of receipt: _10 August

2007 (10.08. 2007) PCT/ USZOO?/ 011505 ",. :.r rill. 1~
e zl.ﬁ%ﬁﬂﬁ?’ﬁlﬂﬁﬁ?@ {? BBy R T ’ﬁ?ﬁ"’%ﬁﬂmwux R

10

15

20

25

30

&"1111 L~ 11~ r-
wetting pfent agting Aé @ FHTERHIND agergrnﬂnhgrmmleusf TCHQ“QQ agent such as
polybgteﬂé%ﬁ@' h%QIr@rcﬁ 'Fé%lﬁgn ’e&bhH%'ll% fliretidh: e's@?ﬁétﬁenals are

rrng oVvi I nner “surface sid
heatedxinta aenjottgnh istabei caTheseafker bigh pressue nitragen or carbon dioxide

acting b b, AR s S GREAE Tl bl A1y Hin et i
whichCibe RiercqRféinusrt €5tbbr diexiteqs sbReédah'a ﬁi[ﬁéi’éﬁﬁ&l‘gta@ ' The
applied to the inner and 5 outer surfaces of the

polysyyene sresin melk ismixediand dnepdead iveith assesew ind kreading part of the

first e&fﬁ{&gp Q41 ?r%ﬁn's@%@eﬁgﬁgﬁee {:89%%% @ggq g% t5 %zpléetc’coblﬂ'\g part of the rear -

part of)therfd-st ertrugbeptandlcdoted to attehgseraturelappropriate to the extrusion.
rcunference di I‘ei:tl on thereof toward the nmandrel 24

The rﬁ%H)‘F‘ﬂ% rgsig; ia dpkegrallyarepted Qman MpPer suHasRof & nen-fogrmed layer
transﬁdﬂéd‘%’n Qﬂvghc[eeow PE%@F@CJHE?&@HE@F 23 WighiRfa EdLe ﬁ)tn %nnular die

21 drops Ss transition point. The
20 provided, atxlshe flont engd ofathedlrstf extnederi bvet Enereby, am mtegeal two-layered

resin Efeet'iflyiila 8Fod ATV . £ fopi Bai bfer s mer g a cyiinder

shapeeyl i ndrical sheet 21 is cool ed using the rrandrel 24 to
cool the tenperature to the glass transition
tenperature or below. The cooling is performed by both

thehe FIMERImMES | d&v@g {%rf&%@dékﬁls eggcﬁs%tﬁkeﬁg %eﬁnaiof the

t he upstream si rrandre owh in Fig.
two-layeretissheet codsiating lof thie feamed adystyreneslayer 2tasigethe non-foamed

potystylnd oy 2P ey ALFGEME ABfeBG B G rtlHdbon ofthe
foamédlayes zewréqéyb@z ih Bh@ €t Sansderi 1, MiLtuile BFgRl itérm@ and

requi red heat ri nka e of the heat shrinkable
pO‘YOHftfb(fablél ot 8Bt %hefipe MS’M@&,@@L&@% af p@lwé@pvlsneb9nd about

15 % cﬂi c@cﬁgié %@eHﬁt 5‘9&5@ ﬁhan'?#@aelsgﬁ?#gorlé%@ ﬁOéIJHEF %@Iys&ﬂfén&%xer 3 (skin

Iayer)ausrraeltedsin @ bdnnok d>fayrermd:os1tlemtrunmsi3st i Thee ofolterf pdxtede is

transpqrtendahe BRI S Brribpravded an e FoahsdtiofE polipgpxtruder 12

of théﬁfét@&nﬁi@rri 1 t@M%{ diéetd fﬁé fdanéd pelysteeRe Iaky@rz (c@re layer) from
grade and excel in surface 30 snpbot hness her eb

the fleﬁamttrm@ral Liand ep*iruﬂed ficpra fbe @pnularigie aOanthethe two ?évers with
b | d. 20 ~~~~f~l ~!;
two "a‘?é}%“ﬁfe%r%ﬂ‘ﬂq%?m%ﬂ Manihint

The non-foamed layer resin is not limited to polystyrene resin, but can be any
thermosetting resin including, e.g.,’a butadiene series or acrylic series copolymer resin
copolymerized with polystyrene or its mixed resin, or a polyolefin series resin including,
e.g., polyethylene, polypropylene, or copolymer thereof. The foamed resin layer can
be any thermosetting resin including, e.g., polystyrene series resin, block polymer
thereof, copolymer resin or mixed resin copolymerized with butadiene series resin, or
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Date of receipt: 10 August 2007 (10. 08, 200 2 )
| ~zi, ~16" ,~121fl ~# ~ 1 ~1: 1 ~~ AN ~~ ~; ~
I~III~I<IfIII~IIIII~II~~|I!!!!!!!I' EXAMPLE 1 GPPS
i o M G en e, LT aFN@ﬂVEﬂSZ@Rh ‘ !
2t B CRRR T R R ER Sy
standard 12378 70 condltlon €) and a 1 1 n1xture of
polyolafii tesinbi car bonate and citric acid as nucleus formng
agent were added to polystyrene resin in a body
portion of the first extruder 11 so that the m xture

wa¥he oanmd1agelt/can Be%apbor Moxids | rntrogeﬁl ginieurdnek carbon

nelted, After mixing the nelt, high-nolecul ar-wei ght

dioxidesard nitregeny rymonudiatile gaswhisbicapnot he disssiverkinamegsin in a

standgf Saf2 oP U PHEBsARGS)  JFisodHE sbBnt ke ufbie g resinin
a supeccrititat stade lin bhe edtrogeagent was contained by 0.5 wt %

of the resin. Then, pure nitrogen gas (99.9998% i n

purity) pressurized to 3,000 psi with a pressure

g("i‘ﬁé AlucRius(foPining bééﬁf e Be iNGanit 404 bF %%'ut %Qmi f nucleus.

styrene resin nelt 1n the tirst extr

. formlt\@@gﬁats, skeb asﬂ@wleaowunh ba:asmrmear@triajadds,nammenbdely

2od GRLIPNEL RGO i cxcruder L1 to the

cooling extruder 12, and cooled to the tenperature
apg_hoprl ate to the extru3| on, The cooled resin nelt

e Mettingraaanti@nbe white minarakoit RolyRitenea ARl ar
Iow-n%l@c%lﬁr-m ©Oybidethyiend Wax! ' Rk ﬁé‘t‘ﬂlgg dé}‘g ﬁ)ﬁ%&%ra ﬁlspersmg

ru5| n tenperature was a
agenbofdratispersitg thiecuscl@ds foxrmisg @geot irdodhepoolen yesine
having a wei ght-average nol ecul ar wei ght of about
200,000 and a neltfl ow val ue of about 7, 25 about 5

paThe phastividey [Foe pyovding srheat shriniéigespi@perty to the foamed layer 2
ene- but adi ene bl ock copol ynmer, as conpatibilize

and cantroN g BB wmtvéogamr@%phw'@%{rnrgn%sas(ﬁ‘sthﬁépamed sheet 1, for
t I
el 68 ABeHIS S90S gl o pckeptlebecy st 1, an

extrudasbility mﬂ beaajhlgs’:t-mleamlare@e(ght iestarespar as,ue.g.,vditridecyl adipate-
(OTOR,ikofet aqibat L HIBA; BB tc L fiReuratE IR, Apput 1% of the

p|ast|§ﬁ@y|5d@§b@j|r{ﬂ%f-ésﬂﬂt end 30 of the cooling extruder
. At the sane tinme, the nelt containing nitrogen gas

as f oam ng agent in the first extruder 11 was al so

1 SRR e ol St SUECU LR v s
impottant singe thexsurface isdieeyed a4 a printingfsurtaceigfta labal. Alybite pigment is
addeg (go conéLroI 818e gglglz)(one 0 H\Sezgl?r?acoel&) t%ereby keep the opacity of the sheet
surface. Generally, 5 to 10 % of titanium oxides are added with respect to the
non-foamed layer portion. In addition, in order to increase strength of the foamed
sheet, an about 5 to 10% of ethylene-butadiene block copolymer is added as a

compatibilizer.

As shown in Fig. 2, the extruded cylindrical two-layered sheet 21 is forcibly
cooled by blowing cooling air against the outside foamed polystyrene layer from the

19

KA 2




B ERRps

10

15

20

25

30

PCT/ US200; iii !° th th

t he upper |ayer of t%aete%'frﬁcef"&?ﬂé\ﬂg‘ﬁb yﬁ@%ﬁ@p J(S'gp&%mm“w’
fromthe second extruder 13. Immediately after the
extrusion of the cylindrical polystyrene sheet 21 from

I P TS 2O

coolin rrandrel 24. At this tinme, the inner and outer

annulgg air4ing; 22 ffisposed 3dirsent toather @drvsion ie: 200 1 Apdnger ring 26 is
provdShe RSt 5L UE: LISRA e shedl2) 86 ot tne

cylindricat shﬁettZlelse:obtedsﬁrom ils insidOby aBdtamehelianérernng r26t urthe cooling

of pol e drops to the softenin oi nt, the. sheet.
rate ind’ ftanHs sty rontiad A SRRSO S A apuligs B0 Bie inner and
outer GuFfaeks oR the chlikydride heat shrinkage property,. The

blowup ratio was set to 1.75. Furthernore, in order to
simul taneously perform the stretching in the

o7 BB A el 255 B0 A e e
in cortbet with the nwandtel mandrtoblw eiTred Mmdmg:sl‘met Zfleiéetrfee@hed inthe
as one

. to as "Nhchine Direction 0

circurf@s@ines, A GRUDT BTe6RE VB IBT BN dcel A hoing, 4 Aleneter larger than

the d||aﬁ#&br oirh?é axérli8ion dlEQOS??FB?e‘Eﬁé tEM e}%thﬂe Bf the Eﬁéetgill drops
wound on w ndin 33 and e target

belovw the:glass trapsitionep@iot. ethneJ b@wm eano,watstcb as atratlamﬁahe diameter of

i oS0 Pt B 78akA9:4 ¥ 3L 18Ky Rty o o hea

shrinkdtee tabet. of the w nding. | mTEdI at ely after the
extrusion of the polystyrene sheet 21, although
foam ng starts in the upper |ayer portlon of the
po*l’Mé‘d/ﬁ BRELt 21 isidufiéd &3%9 %rrﬁ&‘?&}'el 94136 2b¥Pthe temperature
therein is decreased in pressu rom t

to thesglass ¢ransition ternperatyre or belowal TR eedlinguispesfarmead byidoth the

mand} @54, pbdFnk e Eftiodad Arel R 6 Pl der E’Lé’ Handrel 22.

di e 20 against the cylindrical polystyrene sheet
at an acute angle befor&g&he tenperature of th

f oARSHOWS MKIgr dnthe exruded Cylindrigal sheet 2545 ﬁrgt;;hed in the
longiteRirH d rTeEﬁoﬁgfyﬁ;?ﬂl@ﬂg tehsibRSvRR 26E rip r<5li¥£9$1 r winding the sheet 21.

Cl rcu erenc on thereof toward e nman
The tessior|dandse controked onatcardamee witihr thet degrebyofdpplrgquiged heat

tenS| j t 30 .t Lp,rolls was conpleted. In the
shrinkagq Q &lﬁmﬁ%%o?'?'f{&aﬁ%&éf‘#. ndrical pol ystyrene sheet
21, various 22 Date of receipt: 10 August 2007

(10 08.2007) PCT/ US2007/ 011505 PCT/ US200;
| 1 Afyer bglr[g_n;@t{chefjdn,t@géqqg&qcigql@recﬂon by the tension using the nip

rolls, the cylindrical sheet 21-is clit into halves and each will be wound on a reel as a

two-layered sheet consisting of a foamed layer and a non-foamed layer.

The obtained heat shrinkable foamed sheet has a non-foamed layer 3 as a
surface skin layer excellent in glossiness, hign in grade and excellent in surface
smoothness, thereby enabling a clear printing thereon.

Hereinafter, concrete examples will be explained.
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f oaned sheet 21, such as, e.g., cell S|ze, cell shape,
and the surface state, will be deternined.

GRAI Y S5 o ARG

t he coollng mandrel 24 to cool the inner surface of
the cylindrical sheet 21 by the cooling air injected
EXAMPLP the inner 5 cooling ring 26. Furthernore, in
order to effectively cool the outer surface of the
cyllndrlcal sheet 21, the annular air ring 22 was

oS Tont §%5boel 8viaBeltbRis Mo ohEe: 2pgib.and papeltion

valuetdﬂfab@LIt 3054490 CASTPOShAGard D2378176F coHatRAGPANEREL: 1 mixture of
sheet 21 at an acute angle to prevent the

Sod'um'éarwq? @ﬁd @tric a@d @sdydrpsdioraing ggent wese @dded to

ooy EREEI b BB oK SRS e U mdire wos

contamedstswtle/v%amfrme telsin, lamdemneadrératmelte‘d t tﬁa‘tehleﬂatinélhbynelt
the s

high-hifesuil e ERE ssht d'b?%@fﬁﬁﬂ“@ra& 866 AlviuJBas el serving as a
blenditiey & M%S@B&ﬁd tOthé Avat with@ pubsp Kﬁéty Tlﬁﬁ?at%@??iro@iaed on the

coo air omthe inside and outside thered
extrus.enﬂluetslmethat@achtblgndmglmnt washeonjained by Qs Mt af the resin.

Then, SIRTIAOUER sils G5 Sl ot bfsaCidi REp 0t yuth o pressure

contr@llar(neegluslheft@d wadber%mdukged |r|112(4 thd lgelytsaiml aeaesinemelt in the first
he mandrel 24 and  that t he nmandre ring 23
extrudgl; 11 84 e S/ Was KT8ALed NIt SETeWAPEQYidashi Wiedpody portion of the |
extrug@ft{]pd by water cooling. 20 Furthernore, the cool ed

sheet 21 was cut into halves with a cutter 31, and

wounded on a winding reel 33, 34 via nip rolls,

" otREShenaY re Y el SHRERLRLRRTARYR R SUHEPITto the

coollrigoe)&mdlerdlizl, meboleﬂ mtuhettecrrﬂe;aMe awne;bmmtd) tlhzeyertn:%non :
is nultilayered, it own 25 to use a

The caglachigsin mﬁsbwaéct@mrae@ B0 ko UsiR vy BVRE ahnpler she 20
prov.%aeét F]ﬁé? Fr%hﬂ t‘H@.J SxtRIRG Y T Nfh¢ BYEBSioR @h&iﬁ?ﬁﬂﬁe%as about

eet, refore I't was not appropriate.
340 °pr esent |nventors found it possible to snpot hen the
surface of the non-forned layer by initially cooling
the sheet 21 by a mandrel ring 23 having a polished

ni dnedh;e_c:btvh@rrinam babuaesgxar | rgs@l tTJEwstmne r}aving a .
conventli onal cCOOl I re . e Sen
weightraMera@s Salesdar wiRidht Bl %featP%tZQ%QQO endsa elitigw value of about 7,

soouSS ot ol shouf G rittimsie ek sopohmer

compatibilizei aindi furtherraboet Saparts of titaniuimzexidas fomeonteoiing she color

tone pEffs fiemas SAEGtLErS By ucsdontS Buf peosor B8u38 131 53Be motten

resin Thelt adjusted ¢ 488200n temperature was transferred from the second extruder
13 to the annular die (co-extrusion two-layer annular die) 20 provided at the front end

of the cooling extruder 12. At the same time, the melt containing nitrogen gas as
foaming agent in the first extruder 11 was also transferred to the annular die 20, and
co-extruded from an orifice of the annular die 20 (co-extrusion two-layer annular die)
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1 \1/ Gf ==l fl,l','i{tq of[r'ec’épFlllo nainist2007-(10.08.3007) PCT/US2007/011505
,iI!IQI'I~IIII!!!!!!I"I'I"' I1111f- snmoothness of
the printing surface of the non-foamed |ayer 3 by

e o T S 2007 AR

i nventors conS|dered that since the thickness of the
with themel adhered ye theauppemnlayer ohthecnonsfeamedablystyrenatsbeet from the
seam#?e ? §urface state of the foamed cells of the
ned pol'ystyrene layer 5 2 disposed- under the
non- f oaned | ayer 3 affects the surface state of the

non- f oamed . | ayer. 3. Accordi naly, .the non-foaned | aye |
3° Jnreiataly aiter dhe @divean ofthe indricAcpalyStyrane shéet 21 from
the dRﬂPEOfgéﬁ@%tlbﬁﬁrfognﬁ@dcig‘?nftﬂ@%@et 9'%?%1&2“ igs gg@%igff was

into direct contact Wit 10 t he
transf&rred)towarldetrmmﬂollng mandrel 2én  Atdhisctirbg, tHeeinmendnel owutér surfaces

of th(—% gx)'g{&)r%%}/ hﬁ%gﬁﬁgt:ﬁe W%gggﬁg Sﬁﬁ%ﬁ%&%”' i 3ﬁgeﬁgtrusion die 20
and therc@;bhhg ne@edred 28 haviiy almgmlla@rahén thatoft the extrusion die 20.
outside so that the size of the cells in the

Beforedhgdgmngrature of pabyatyrens drops|todbese8ening:point, mssheet cylinder

21 w%e coégﬁd%nttﬂg %r't'ghﬁ fgﬁ%ﬂ%‘&ﬁ% ex oeé Fl%lﬂ‘gé %1?.%?41 ¢ property,.

The Ulowmporaubewas at tos1.7§. aifurthemattire il grdat tesimbkaneously perform

the sfpSkitab 15t e EBR! terdhon S@Ralod Hh ki Rl so that
the th@sﬁﬁﬂkag&rétﬁﬁgéédrﬁéfiso‘/o H‘Ehé EltPiiSich cﬁﬂe@ﬁoﬁf(héh-ﬁnafter may be
foamed sheet by he mandrel ring 23 nd t

referrasitol afy Mmtdne Dm:tnan (MID)") at 210 8F aaom’ offh&ateshrmaa’elﬁ conditions
t I
ot o Rl EnTRANEE s e FHf G o
on witwivey +ol333 aadi3®.Exanple 1 except that the outer air
pressure was increased by 34 %to cool the outside of
the 25 foaned sheet using air. EXAMPLE 3 A forned

Shﬁ% dé?q‘etot*?ﬁé‘ldrﬁgg of REE ol BErFdH st idd §StoPSbdtt 170 pm + 25
except that the outer air pressure was

atthé?ﬁﬁ‘@%rﬁb?es{m@ﬁl ng air. EXAMPLE 4 24 ~ SON, 00 ', ' ~~
=T ~=I ~

PI Date of recei pt: 10 August 2007
(10.08.2007) PCT/US2007/011505 UK; | , , ;s11111 , t:

I~| ;’Im-ll:%?t;acg—e{lyg%tgg the tp&ctru‘pqo%q ofi thg.lq'\élyls%%rlq%\é.qlﬁee; 51 although foaming -

startd I tHd Uppér lalbt pbitidr bf tre bbllyfswréﬁ'é sheet 21 since the nitrogen

dissolved therein is decreased in pressure from the supercritical state to a normal

pressure and at the same time the sheet 21 is cooled by air injected from the air ring
22 disposed adjacent to the extrusion die 20 against the cylindrical polystyrene sheet
21 at an acute angle, before the temperature of the foamed polystyrene reaches the
glass transition point, the stretching of the sheet in the circumference direction thereof
toward the mandrel 24 as well as in the longitudinal direction by applying tension with
the nip rolls was completed. |

In the course of cooling the cylindrical polystyrene sheet 21, various
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A fornmed sheet was t ai_ned, r th i 1

as in Exanple 1 exgﬁe)“&Oftrﬁcﬁi"p{]ﬁ2"WW§P$§WS'%OS@?S#/@§§O7/O11505

was increased by 6 %to cool the inner side of the

f oamed sheet using air. 5 EXAMPLE 5 A forned sheet was
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ring 23%Wverdsétad thetdamé eoRditions as in a conventional method by water cooling.

20 Furthermore, the cooled sheet 21 was cut into halves with a cutter 31, and
wounded on a winding reel 33, 34 via nip rolls, respectively.

With respect to the above, as disclosed in U.S. Patent No. 6,406,653, in cooling
a co-extruded sheet in which only the non-foamed layer 3 is multilayered, it is known
25 to use a mandrel having a smoothed surface. However, the application of this
technique to this embodiment caused a breakage of the sheet, and therefore it was not
appropriate. The present inventors found it possible to smoothen the surface of the
non-formed layer by initially cooling the sheet 21 by a mandrel ring 23 having a
polished nickel/chromium plating surface and then by a conventional cooling mandrel
30 24. The present inventors also found the fact that this is not sufficient to obtain a
high-grade printing surface due to the foamed cells formed in the foamed layer 2 and
that it is necessary to minimize the influence of the foamed layer 2 on the surface
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excemtmnamshe outer #cpresse waslinsesed by 32 %6 prog the outgide of the
LI

25 foamefhsheft g i ot

EXAMPLE 3
| A formed sheet was obtained under the same conditions as in Example 1
except that the outer air pressure was decreased by 50 % to cool the outside of the
30 foamed sheet using air.

EXAMPLE 4
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EXAMPLE {tion of the accelerating voltage is 6 kV in such
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the foamed sheet with the mandrel.

EXAMPLE 9

A formed sheet was obtained under the Same conditions as in Example 1
except that the mandrel temperature was increased by 10 % to cool the inner side of
the foamed sheet with the mandrel. '

COMPARATIVE EXAMPLE 1 .
A foamed sheet was obtained under the same conditions including the raw
material, the composition and the cooling conditions as in Example 1 only except that
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COMPARATIVE EXAMPLE 2

As foamed sheet was obtained under the same conditions as in Comparative
Example 1 except that the mixture of nitrogen and air (94 % nitrogen) was used as
foaming agent. Comparative example 2 was different from Example 1 in that the
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| SO 15 8791-4): The surface snoot hness of the surface
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e ol ol 85 ena¥ThE AUk B OB 8RRl Jenoen, he

aspedt hratidtreneqdiVaient afarnetsrdamd thedensiby (e total areghaf the foamed
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cells B Ut 2/R) Olrthefoamec GEHRINEg WeASWER! ying gl Ugqs gnalysis
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printing was observed with the naked eye or using an
optical mcroscope (100 X

The measurement method will be detailed as follows.

1. Observation of Cross-section of Foamed Polystyrene Sheet using Scanning Electron
Microscope and Calculation of Foamed Cell Size
® Treatment of Sample (cutting of the polystyrene sheet):
Deposition of Pt after cutting the sample frozen by nitrogen liquid
@ Observation using Electron Microscope:

Each cross-section in the TD and MD were observed using the fieild emission
scanning electron microscope (S-800 type of SEM, manufactured by Hitachi, Ltd.) at
300 X magnification under the condition of the accelerating voltage is 6 kV in such a
manner that the entire cross-section was displayed within one screen. Two points
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repeattehletﬁreé times| | Tow pointewerei dbseieed. the surface
gl ossi ness, the PPS snpothness are shown in Tables 1

@ Mﬁﬁﬂ-‘@meﬁﬁrq r@?ﬂ@f@oaﬁ'@qgabach of Exanpl es and

kf‘nsc haﬂ %f‘ éaéi‘ffda‘ﬁ?e&’ ELRbf the -
clearness and the sur ace ness atter
foaqursheet m@tamedatb\sme;hmmmm@ eIEa:htoe\ riucré@cope at-300 X magnification

was corgea decaled g GanseTent Shegiioastier Wk ISR S ingognath and

area. | rl'hereafﬂer ﬂhe ﬂn%gre Whé réad vﬁth a‘personal éompute? 1and binarized to

~t~ -

obtalrtqiqyned c:gihtnage \gylth ]_alclegy bom{\d@ry t .heyn; egth {narar_ngter of the

versnoﬁt‘HO“nﬁandfactured{bl'llﬂlédlalﬁyberheﬁdﬂJIihﬂ: I
~LIE ==L P il LT~ TLKI ] ~~~] | a... 01 O C>0
C@qnccegely@aslsryowp 1y Fig+ 4, tq;nlengtq i a@@ %9 width Wf ge fggmed cell
in thegh'ée{:\'c{'\(‘)sg’séﬂtlon%Hﬁede \Mar@ &E’hrﬁ\éd adlthé Qr{:ggst lcell lérgthrand the

longesnwlcwn Qi tme fmamed)ceﬂ farm@damaqsh\ame of aHeafchtendmg almpst in
parallévgo_t-ﬁ_e_ m%-%mmeyrs'\/l 3 ; l}th |§/Il‘|%hq. Eﬁh%hgdvhth W e optically
measured and the average length and the average width were obtained. The width
W and the height H of the foamed cell in the TD were defined as the longest width and
the highest height of the foamed cell extending almost in parallel to the non-foamed
surface, respectively, and measured in the same manner as mentioned above. Then,
the average width and the average height were obtained.

As to the number of cells, the binarized number of foamed cells was counted
and converted into the number of foamed cells per unit area (mm?).

As to the area of the foamed cell and the circumferential length of the foamed
cell, the area of each cell and the circumferential length of each cell were measured
using the image processing software and the average values thereof were obtained in
the same manner as in the measurement of the length of the cell.

As to the equivalent diameter of the foamed cell, each equivalent diameter was
obtained based on measured results by calculation (i.e., 4 x the surface area of the
foamed cell / the circumferential length of the foamed cell). The average value was
calculated from the total area and the total circumferential length of the entire foamed
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portioM O'FuFBhermore, with respect to the image processing of the foamed cell which

-
-

was not entirely displayed within ends of the field of vision, the field of vision was
considered 1/2 of the size of the foamed cell.

2. Measurement of Surface Smoothness using Print Surf Process (based on ISO
8791—4):

The surface smoothness of the surface of the non-foamed layer (solid layer) of
the co-extruded polystyrene sheet was measured at 10 points using Parker Print Surf
Flex Tester, manufactured by Lorentzen & Wetter Co., at an air pressuré of 300 kPa to
obtain the average PPS smoothness and the maximum PPS smoothness.

3. Measurement of Surface Glossiness (based on ISO 2813-1994):

Reflectance of the surface of the non-foamed layer (solid layer) of the
co-extruded polystyrene sheet was measured at five points using UGV-5DV, a digital
variable angle glossinéss meter manufactured by Suga Test Instruments Co., Ltd. in
the MD and TD at an incident angle of 60° and light receiving angle of 60°, and the

average value was calculated.

4, Printing Test

Clearness of characters printed on the non-foamed layer by electrostatic
printing was observed with the naked eye or using an optical microscope (100 X
magnification), and evaluated by the following three level evaluation.

Print image with a clear boundary: ©
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mor |less, and/or (3) the average |length of the

| F TS RO B O

| ayer |s about 167.0 mor less and the average l engt h
of the foaned cells of thelablaed | ayer in the
cross-section taken 10 along the direction

per pendi cul ar to the extrusr on di rectr on of the forned
| ayer—ts—abogt—66—2-—mortress—andfor (4) —t+he

aver age hei ght epamed cells forged in the
foaned | ayer |2rnh9§&§ﬁ%ios Eyeluatiom efak¢n DIXFINeIRE%)
extrusion dir b pnotnl@ermegser is about 12.0
m 15 or |ess é}ies] R av g8enprigtingof [th lrg afred
cells forned he foamed | ayer in thé gl' {seMPon

tei‘eé&a%ﬁl%‘”e f’Ll[SSE'?E PETPeg o al 9 1901 74,96
[EIDI UTT by Z;L@E U

eCttHon_or—tne
m ¢

ce I@afﬁpbh% crossl-‘%cti ot ake®al ong 1 udi0R8
20| dExamplieoh [of tHe40orned | aye®i s abcrut3311262 ®9.90
2t @xdmple 5 §ss andqgdghe aVerage@rea off t3iesdoanmgd.14
ce ]éxéjﬂpw crossl-ﬁect om Takelgal ong [T 94

pe 1 extrustTon_ghrect

fo anngtéa?u Lc- QIrJH L'\/IO 1 nrO/ || ok !33: 0;;\Hl7f‘lf98

(6 E’Fﬁmﬁm ge meran erant ial @pnmh of30-£@ i 0 69:90
cell IExampien® |crossl.38ctiof take® 25 allor@3-3de| 72.02
ex{ CwnoBExdirlect i an5bf the fornm€d | ayen i23.3®8o0yt 53424 1
m PICARSEx, 81d/ or Apg thelaverage Cli rcynigy egt ijalgs 38

| engtirof—the foamed cetts of the foamed Tayer T the
cross-section taken along the direction perpendicular

t ogﬁ?%@g&%&gﬁl nrq%é@%tt'hggm ggcht 0 E;aorrrn]ees 1 3yg whréh the extrusion

and cooling tHe‘pblkstﬁéné shieetl Was Feverédd Withi redpdét(tbla ésHventibnal method,
recel ust 2007 (10.08.2007) PCT/ US2007/011505
the surface glossrness (o} the.nen-fgamed Iayer in the MOpagwellasgn the TD exceeded

that 4f e\gépg%f)n%%ﬁg%ﬁfea@?arﬂﬂﬁgef 20f IE%% fbffe!a'rﬁpléeﬁr@dme%urface

per area cross-secti
smoothrkess waoemalleethadd thatrufreadﬂ\rmfdtmmpaca‘tr\@rié(a‘mplesd 2 and a
oyt 349. ells/m? or nor exceeds
polyshitee esmgd Seeb ercelient T WGERGLREUTF o HHtaleRn + he
foaned | ayer per unit area in the cross-section taken

al on%x the direction perpendicul ar
amples 1-9, even after printing, the print clearness was excellent, and a

label having excellent surface glossiness and high-grade texture was obtained.

From the above results, it is understood that a heat shrinkable foamed sheet
satisfying at least the following conditions (1)-(7) is excellent in surface smoothness,
printing nature, and glossiness and can provide high-grade nature.

[Conditions]
(1) the non-foamed layer is about 1.49 pm or less in maximum surface smoothness
measured in accordance with 1SO8791-4, -
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data, the present inventors further conducted an

i nvesti gat| on on the correl ation between the - -
o b r PCT/US 2007 BB |
i DRI o o 2 e AR R
par arreter The results are 10 shown in Tables 3 and
and/o4 -34 1~~~ ~l~1,~~~ ~I ~lll~i~iilllilill~l~'1 Date of
Fecei pt: 10 August 2007 (10.08.2007) PCT/US2007/011505

(2) Wﬁ%equn)ahnt é:h?mefer of the I’oamefq 1:ells i t cross-secﬁlon taken

along the extrusidn dirécthdd bfthd formeld Ibgélf is'abdut~12.1 um or less and the
P~ 11T~ [1I[~CCC 0:9~9 7288008080

avera@e gqQivalent diameter aof thezfaanted lis in the ¢ crpps-aectnqn taken\atong the
L90Cn 7CCCCCCr a.+Y~ 4+ T=4G!'E !'G Ln

direction perpendicglar(ta the extiudien dirertien isgpbeutsl8.4gampniessy

4o 0 0) c V)V) In\/) NV) ZZV) |nz\/) ZinZV).z

a”/OF - IL "~ 10 1In IL)

5 o A At o

taken MI&'\I\%\&% Rixf¥ubioN dirdtisnNofthi ferimetdVayet is AbANtNEY.WNuhVor less and
fv LVIVLVNNLVN to7 ~* I~1 Ln ONNNNN

the awdragéllengtt of tNeNoamed\cells , ofthefoaned IRyer v the crosk-section taken
1 MML+n f1 mmM
along g:he direction perpendicular to the extrusion direction of the formed layer is about

66.2 um or less,

and/or

(4) the average height of the foamed cells formed in the foamed layer in the
cross-section taken along the extrusion direction of the formed layer is about 12.0 pm
or less and the average height of the foamed cells formed in the foamed Iayér in fhe

cross-section taken along the direction perpendicular to the extrusion direction of the

formed layer is about 11.6 pm or less,

and/or

(5) the average area of the foamed cells in the cross-section taken along the extrusion
direction of the formed layer is about 1,462.0 pmz/cell or less and the average area of
the foamed cells in the cross-section taken along the direction perpendicular to the
extrusion direction of the formed layer is about 549.1 um?/cell or less,

and/or

(6) the average circumferential length of the foamed cells in the cross-section taken
along the extrusion diréction of the formed layer is about 342.1 um or less,

and/or and‘ the average circumferential length of the foamed cells of the foamed layer
in the cross-section taken along the direction perpendicular to the extrusion direction

of the formed layer is about 138.0 um or less,
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crossteétlcﬁh %Réﬂ &lén Cy‘ the etrusion Birectfory oP tite fbr?néa E{@r @a@o@t 349.5
O torn G % g% Ln -4 0%

cens/mmzmmnare %@ edxgeeds theC@RDalye rinibéd chI'N founed tel@'lfoNned in the
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~ ~ 0 o~
'N&xt, based on the above test Gatar the presént inventors further conducted

an investigation on the correlation between the glossiness/smoothness of the surface
of the non-foamed layer before printing and each cell parameter. The results are
shown in Tables 3 and 4.
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As will be apparent from the above results, it.is confirmed that there is a strong
correlation between the surface smoothness and each dimension of the foamed cell
and between the glossiness and each dimension of the foamed cell except for certain
dimensions. This means that a heat shrinkable foamed sheet excellent in surface
nature and printing nature within the present invention can be obtained even if cell
dimensions fall outside the aforementioned condition ranges (1) to (7). In other
words, based on the aforementioned correlations, it is understood that a heat
shrinkable foamed sheet satisfying the following conditions (8) to (14) is excellent in
surface smoothness, printing nature, and glossiness and can provide high-grade |
nature as compared with conventional foamed sheets.

[Conditions) |

(8) the non-foamed layer is less than ab.out 1.55 pm in maximum surface smoothness
measured in accordance with ISO8791-4,

and/or | _
(9) the foamed layer is less than about 20.4 um in average equivalent diameter of
foamed cells formed in the foamed layer in a cross-section taken along an extrusion
direction of the formed layer and less than about 20.0 um in average equivalent
diameter of foamed cells formed in the foamed layer in a cross-section takén along a
direction perpendicular to the extrusion direction,

and/or
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(10) tlhe(fbbrrieldl Iaklerilssl less tH\éri Bbolt 28 tI5puinl ih(dvietddé teiihthof fé@med cells

formed in the foamed Iayer |n a cross-section taken along an extrusion direction of the
formed layer,

and/or .
(11) the foamed layer is less than abbut 15.0 pm in average height of foamed cells
formed in the foamed layer in a cross-section taken along an extrusion direction of the
formed layer and the foamed layer is less than about 15.2 um in average height of the
foamed cells formed in the foamed layer in a cross-section taken along a direction
perpendicular to the extrusion direction of the formed layer,

and/or

(12) the foamed layer is less than about 2,511.6 um?/cell in average area of foamed
cells formed in the foamed layer in a cross-section taken along an extrusion direction of
the formed _Iayer and the fqamed layer is less than about 970_.7 pm?/cell in average
area of foamed cells formed in the foamed layer in a cross-section taken along a
direction perpendlcullar to the extrusion direction of the_ formed layer,

and/or

(13) the foamed sheet is less than about 468.7 um in average circumferential length of
foamed cells formed in the foamed layer in a cross-section taken along an extrusion
direction of the formed layer,

and/or

(14) the foamed layer exceeds about 195.5 cells/mm?in average number of foamed
cells formed in the foamed layer per unit area in a cross-section taken along an

extrusion direction of the formed layer.

In the above explanation, the heat shrinkable foamed sheets consisting of a
foamed polystyrene layer and a non-foamed polystyrene layer sheet formed by
co-extrusion was exemplified. It should be understood, however, that the present
invention is not limited to the above. A heat shrinkable foamed sheet excellent in
surface quality can be produced by separately producing a foamed sheet and a
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results, it is confirmed that there is a strong

-correl ation between t he surface sm)othness and each
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except for certal n d| nensi ons. Thi s neans that a heat

non-feamed kdiget andztihen lamiratingthement in surface nature
and printing nature within the present invention can
be obtained even if cell 15 dinensions fall outside

t hEurtherrom) tin the Gbova dixplamation)) Befbafﬂéd §h>edt7fbrmled by two layers,
ot her words, based on the aforenention

i.e., afgamadiiaysnandia npa-foameddayesd V‘ﬁ‘ﬁaﬁxe&"m'lﬂd diPWRKRIbthe present
t fyi I
imvenbSRTEfIoE REIIBINE. ¥ AR Sxdrl I SHbUR RO 5ud:sHiK il the present
inventian wae, alsm dbegapm:edrtesas mauiti -layaredifoambe shagt I'@vmgathree or more
nature as conpared wth conventional foaned sheets. 20
rﬁ Condi tions] (8) the non-foaned layer is less than
about 1.55 min nmaxi num surface snoot hness rreasured
in_accordance with 1S08791-4, and/or (9) the
| alrethe afqrewmnaﬁd@a@mplge tmegnethocbﬁpércggbne&he \%’F@ﬁf?d foamed
sheetﬂhgg?e\ﬁﬁed) Es o@?og&f'f‘ &f‘l\)eatlt)ﬂérﬁl‘etﬁéh t h'?haf!toi@mi Ci:onventlonal
ayer 1n a cr sec en al ong an extrusfon
method Iferctoctlmg)é rbhefohmethhybaﬂmrfmmlskmsta/drm map;bimnt ta2thebcooling of

a foaffisaies A pecanivenban ot for odliog! & BRaTes Tavek dgore laver) is

appllétli %g?ef‘g%&h’gg;gf g?fbrpﬁfrﬁ’ﬁﬂjla?él' aradcBrdiRglyeittis dhsidlered that the

cooling-speed-of the-foamed layer is erhanced, IGausingman émproveskeurface

laYe

i

smoo%%ﬁf}be%%ﬁe@é&x@? ) %ﬁn Fﬁ/ rgﬁl@ﬁ g%éélgﬁt surface smoothness

of thelhohfobirda fayed ~! | ~[ ~~[ 11V fLEEIrrrr MIili (10)
the foaned | ayer is I ess than about 231.5 min average
| ength of foaned cells forned in the foaned | ayer in
a & 96e afGe nedh?é';ﬁ'ed"@br C&kathpIeg, e Rdmet sReetdvas slibftittéd to a
Yy
required extension treatment between the extrusion die and the cooling mandrel. In

detail, the cylindrical sheet extruded from the annular die of the extruder is stretched

in the circumferential direction thereof by blowing before being cooled to the glass

transient point or below and also stretched in the longitudinal direction thereof by a
tensile force applied by nip rolls. Thus, the foamed cell was formed not into a circular
shape but into a flattened shape extended both in the circumferential direction and in
the longitudinal direction and very small in size. Accordingly, it is considered that the
small dimensions resulted in small surface roughness of the foamed layer surface at
the boundary of the foamed layer/non-foamed Iayer; which made a positive impact on
the non-foamed layer as a surface skin layer to thereby improve the surface
smoothness and the glossiness.

Furthermore, it is also considered that the cooling of the extruded foamed
sheet performed by bringing the surface of the non-formed layer into direct contact
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numbg@V Bf ﬂﬂ%tm’t‘i(r@ebrﬁf)o&m aré 'db§cr§ d'RErdifl fg&? the ﬁﬁagrstandmg that
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the i 2pB LR cfehibieh Be BF FnDR Bhy ik 2 i to preferred
embotifiéms deticibeli Hereih ard/obfldsbated hepdia! i n a

cross-section taken along an extrusion direction of
the fornmed | ayer, 20 and/or (14) the foaned | ayer

SR B AT SRS g neren,

the plreseat inventionds ot fimitedeto theovariaus pltefenred iepnbadiments dlescnbed

nereir byt \Br kR 2V Ak smeadpeats BRANG SaHvar L eMeiar

modnfﬁ@tﬁbﬁ%%’b%néﬁé’ Q:bn?diﬁaﬁoﬁp@séomgpeaic,xa%}dgsemd@yéﬁbod.ments),
sheet forned co-extrusion was exenplified

adaptations anﬂéorualmmaaas wiowid \bsr appriesiated by ghese i the art based on
|
the pIEHIER b fe ok U T HiE it areol B8 nrprpied broacy
based:a:m tbe Ianglmgaeetrmoyedparthedlaamsmndi not Iimnzedftxmammmples descrlbed
ugust :

in the( ar@sg%t %J,glcé@n %ga ghrg 8&3 wgsecpuﬁlon gf t'?ie appllcag on, which
examples/dre48®Bd tohstritdd-as nondxclusivd, Fdr! é)ldnhplé'oin the present

non-foamed sheet and then | aninating them
disclopufie, ifbe terre, "preferatdly aisoven-exgusivaanshmeans samefgraily daut not
- ned ganed,. I A
imitel 36 btk ¥ GFE Smd durfhg et PAREEHUbAYF i Ebidcation,
meanpfplasflinction or step-plus-function limitations will only be employed where for

‘.H

st it

a specific claim limitation all of the following conditions are present in that limitation:
a) "means for" or "step for" is expressly recited; b) a corresponding function is
expressly recited; and ) structure, material or acts that support that structure are not
recited. In this disclosure and during the prosecution of this application, the
terminology “present invention” or “invention” may be used as a reference to one or
more aspect within the present disclosure. The language present invention or

invention should not be improperly interpreted as an identification of criticality, should.

not be improperly interpreted as applying across all aspects or embodiments (i.e., it
should be understood that the present invention has a number of aspects and
embodiments), and should not be improperly interpreted as limiting the scope of the
application or claims. In this disclosure and during the prosecution of this application,
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shoul d be understood at t pr eSent ventlo
al so be applied to a nultl-layered foaned sheet havi ng
three or nore |ayers. In the af or enent i oned exanples I

mwmm&@@ s AU

a 6onvent|onal nethod fér cooling a non- foaned
the telraymlogy iembaslimient; carybe used te descrie aoy erpedts featuse, process or

step gy BryPEeRen i Rorsaio B GhY RtbbR ARl BRY, o same msampes,

variou@mbodiméntd map-ihcude dveagppingfeaturds.ngirythis disctosure and during
consi dered that the oILn éigeed of, t he foaned Iaé r )
the pragegutien o8 4h '5&§§§4 ng gevigtedfesminplogy say, bg employed:

ve.q. wR” ty
> 9. g&%@hlen?%53% ace Wﬂﬂﬁgsgﬂ Vgﬁt gﬁ%g%- ggﬁe I\ayer

In the aforenentloned exanpl es, the foanmed sheet was
subjected to a required extension treatnent between
the extrusion die and the cooling mandrel. In 20
detail, the cylindrical sheet extruded fromthe
annul ar die of the extruder is stretched in the
circunferential direction thereof by bl ow ng before
being cooled to the glass transient point or bel ow
and al so stretched in the |ongitudinal direction
thereof by a tensile force applied by nip rolls.
Thus, the foaned cell was fornmed not into a circul ar
shape but into a flattened shape extended both in the
circunferential direction and in 25 . the |ongitudina
direction and very small in size. Accordingly, it is
considered that. the small dinmensions resulted in
smal | surface roughness of the foaned | ayer surface at
t he boundary of the foamed | ayer/non-foamed | ayer,

whi ch nade a positive inpact on the non-foaned | ayer
as a surface skin layer to thereby inprove the surface
snoot hness and the gl ossiness. 30 Furthernore, it is
al so considered that the cooling of the extruded
foamed sheet perfornmed by bringing the surface of the

non-forned | ayer into direct contact - 49 |[I(I1;

2~ (it~ Date of receipt: 10 August 2007
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mandrel ring was contributed to the nortabl e

i nprovenent of the surface snoothness and gl ossi ness
of the surface of the non-foaned | ayer. Wile the
present invention may be enbodied in many different
forms, a 5 nunber of illustrative enbodi nents are
descri bed herein with the understandi ng that
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provi di ng exanples of the principle the I nvention :

and such exanples are not Intended to limt the
invention to preferred ~enbodi nents described herein

herein, the present inventionis not limted to the
vari ous preferred enbodi neQLAIMSSCri bed herein, but
i ncl udes any and all enbodi nents havi ng equi val ent
eI ement s, nodifications, om ssions, conbinations

of as'grects across various embodi ment s),

gldépt:ﬁh@ﬁ%s iokahie foarmedishest Cﬁ“ﬂﬂ%ﬂﬂg be appr eci at.ed
o 23T Pvih ofRiIRBTE e WVBRAM Bl e are to be
t ne RSl 1878 dorkEhe 3 suifac ée%?%’aefw@@?%ﬁﬂfdﬁﬂ‘ed on the

formédfayesent specification or during the prosecuti on of
t he appl ication, which exanples are to be-construed
asvhereinethel mm-‘feamEdrlamwess tham atheutpt.SSqh in maximum surface
di scl osure, the term"preferably" is non- ech usi ve and
smoatea@ss n’\ﬁaéﬂ@dalﬂ gecasdaneewithdl90874%1ed. to. " Inthis
di scl osure and during the prosecution of this
appl ication, means-plus-function or

I
%@hégﬁgﬁ ﬂlfbrﬂlle: ?%rfngé& gﬁ?enﬁ"%é l'eégl% a' aarmh%‘?ern the
maxrﬁﬂJn‘r %Wkﬂ%&e%ﬁﬁ%thh@é?usaélﬁ)rﬁrfaﬂlm'd? it |imtation:
neans for" or "step fo IS expressly recited; b)
a correspondi ng function |s expressly recited; and C)
structure, material or acts that support that
st BuctAiheatskrinkable feamedisheet, camptisisgdi scl osure and

ORI veR COBBRRUERGUE FEFRYERTand pyent | on” may be
or i GpoB R Cortae i 8 RGBT RV (el Fdfned on the

formé&‘Y i on should not be inproperly interpreted as an
I deritification of criticality, should not be
i mwmrerd the foahed ﬁye@l iSfes3tAbN iabBdUE Q004 Sinttin adergetequivalent
or enbodi nents (i.e., it 30 should be understood that

diameter qfrfoamead q:ellsénrmed inabe :ioamnudayejfmaas prassssegtidn taken along an

enbodj nent s) shoul d not erly Interpreted
extruzp SpRarn,of HiE i el B Igss Haeabert 29.0ia neaverage

cqunlglt U3 Tlsar b Rgfed My Stbr ity W&ﬁr@g?r%my%? 6% 4BLS section
taker IR SSFBR prP B e Sg o Brartityiitn. .,

a,~ .~ :~a ~—~I1llI~MI@GIICET~rrr~tr~lif~C the
term nol ogy "enbodinent"” can be used to describe any
aspectThe basuskrinkable asgeodited #t elaimadwhenein tlae Buerage equivalent

thereof, and/or any ﬁortl on thereof, etc. In sone
dlam@?@i’rﬁ.ﬂ the foamed eglbins Pﬁ%ﬁ?@'%yﬂ%ﬁ'@d‘é t@@eaxtammglrectlon of

the forenz%1 rlae\,lser rls re]lbtour iné ﬁ% 8? Versg a%” the aver%ge equivalent diameter of the

foamed cell in the cross-section taken along the direction perpendicular to the

extrusion direction is about 19.2 um or less.
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the prosecution of tﬁhéoﬁ%&?pt ﬁ)h\%gﬁs@bdo‘?\(‘fo%zoon PCT/US2007/011505
abbrevi ated term nol ogy may e enpl oyed e.g.

whi ch nmeans for exanple;" and "NB" whi ch rreans "not e
weII -51~IIIIfIII"> II|IIO||f|IIIIIII|II Dat e of o T

2R0CTIIES A GGk
ml (Rﬁ) J: '

~" E i

's~. .'; F yg: r

~~~~~~ .-.._ ~—~—~ ~~~~" ~— ~—————t .-.._ .-...-.._ ~—~

diameter bf the Ifoa1hbd~ceﬂ~tn the cross—sectlon taken along the extrusuon direction of
~~~fiul ~~l~fiff~l~111~f~~f~~f~I11! CLAIMS 1. A

the farewad kyer iskalbout 15anw0 arHess and dihp average equivammiiameter of the
| ayer constituting a core |aye and a non-foame

foame@ygp "E:S'P%FT qs§r3ecgion @ken %H‘%dlrﬁ‘ﬂﬁn Pﬁf%ﬂiﬂl"?f to the
I | ayer . wherein the non-foaned
em“?'&?ﬁ“%cggf‘é§§"9h'§&§§%b‘m ¥)i 1888- ym i n mexi num surf ace
snmoot hness neasured in accordance with |1S08791-4. 2.

The heat shrinkable fornmed sheet as recited in claim

1, pWhahel tledthshrinkable e réditddittars)Baé i ekfimsS3 808 wherein the
1.49 pmor less. 3. A heat shrinkable foaned sheet ,

maximanpsusace smoathnesseof theyron-foarmed tlayemnig lessctihan amwuLss pm.
and a non-foaned | ayer constituting a surface skin
Iayer integrally formed on the formed layer, wherein

badh ARG ek keI &5 Pocaila Bt bué s fiisr &Y Bt Whrein the
o S o P G .00 .

about 20.0 min average equivalent dianmeter of foaned
cells formed in the foaned | ayer in a cross-section
t aBen Aahealpshainkable foamegd shpet diomprisingo t he extrusi on
direction. 4. The heat shrinkable as recited in claim
3, av@éﬁ@%'avﬁéc@ﬂﬂtﬂg@geﬂqG‘P'@a'P)éﬁ'ﬁ and aneter of the

ex T P dete? SRS ek 319 Btebil fpamsd on the

form&#B ek €ss and the average equival ent diameter of the
oarmed cell in the cross-section taken along the

di WiereipithecdfoRfiEd lyeAls less tign 231/5u9man alierggd length of a foamed
about 19.2 mor less. -52 Date of receipt: 10 August

cell o tlg fearfied 3ayalin)a EXOB51482E6//takdrs 8 HNGRAT ExBREN ditdadtian of the

i7 tili;:1~~2 11 1 . 111011111111
formed layer.

9. The heat shrinkable foamed sheet as recited in claim 8, wherein the
average length of the foamed cell of the foamed layer in the cross-section taken along

the extrusion direction of the formed layer is about 199.3 um or less.

10. The heat shrinkable foamed sheet as recited in claim 8, wherein the
average length of the foamed cell of the foamed layer in the cross-section taken along
the extrusion direction of the formed layer is about 167.0 pm or less and the average

length of the foamed cell of the foamed layer in the cross-section taken along the
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5. The heat shrinkabhg gl ?:ilb%Q§spzﬁb ?1'#)%%007 A /ﬁgilbg7/011505

t he average equi val ent | arret er the foaned

the cross-section taken .a-I ong the extrusion direction

of the f or med Iayer i s. about 17récn_}lor Iesg and t he _
ORI o et ion er o SO

n a i) g.x h ¢
to t he extrusion dlrectlon is about 18.4 m or Iess 6.
directidit Eéﬁféncﬁﬂilbfl bk bhe exfrusPf difsttioh GMheofoPmield 16y at l§‘5at?but 66.2
to wherein the naxi mum surface snmoot hness of the
pm onilwssf oamed | ayer is |ess than about 1.55 m 7. The
heat shrinkable as recited in any one of clainms 3 to
5, wherein the maxi nrum surface snoot hness of the

100 oA LSO e 18 L i SR, whereintre
P T B T by oo

the fornmed |ayer, wherein the foanmed |l ayer is |ess
than 231.5 pmin average length of a foanmed cell of
t he2f ogmechéatystririkabfe 8§ PeGterERt argnohélwuah@,rw t&10, wherein the
extrusion direction of the for | ayer. 9. The heat
maximbm skdace shmoatboesshefttheanon-€oamed layercis@bous,1.48 emeion less.
the average length of the foanmed cell of the foanmed
| ayer in the cross-section taken along the extrusion

?'eéﬁ‘” foeste ﬂﬁab‘f%ﬁeadrn'ﬁ@%ﬁse# Fande; as reci i ed
| nabaiicPiayEbeonbituting » YR Ager| a9t h of the T oaned
rint

oarre dross-section taken

al @Nton-Fdmed Nayes cahsﬁwmg bGurficetdkih fayermstegeR/ fdrfned on the
about 167.0 mor less and the average Iength of the
formédtayed cell of the foaned |ayer in the cross- sectl on

taken along the -53 Date of receipt: 10 August 20
( mlmelmﬁ)amwegmmmgwwﬁgﬂﬁzwmd in the foamed layer in a

~~T =

* crossEchion taleR AaNg AP flspeien pf i farfpestiavgh s less than about
15.0 BR{ BRE%hE tvRfad @nklifhe B the T aed RS ebARed in the r6amBBTayer in o

ayer is a m or | ess
crosssdctibkabken aforig 81 difsttion FetpendicuRir t@'tﬁb@dﬁjdidh dftection of the
wherein the nmaxi num surface snoot hness of the
formew layeo dsriassithgarabout 11862 pninan about 1.55 m 12, The -
heat shrinkable as recited in any one of clains 8 to
10, wherei'n the maxi num surface srmothness of the

Qﬁﬁﬁﬁ]ﬁj&eeghé% @p&e?&g@l 4Bpg§ A%’ recuted in c]Ialm 13, w%erem the

average height of the foamed cells formed in the foamed layer in the cross-section

taken along the extrusion direction of the formed layer is about 13.5 um or less and the
average height of the foamed cells formed in the foamed layer in the cross-section
taken along the direction perpendicular to the extrusion direction of the formed layer is

about 13.4 um or less.

15. The heat shrinkable foamed sheet as recited in claim 13, wherein the

average height of the foamed cells formed in the foamed layer in the cross-section
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foaned | tituting. .
on-Toaned | ayer conbt Pubtirg 1 Aefet BEbaef Wy hepusanononisos

integrally formed on the forned |ayer, wherein the
aver age helght of the foaned eells formed in the
Ve R med | ayer

R R o e T I S
5 0 m and the average hei ght of the foamed
takencéiéhé tﬁ?é%su‘oﬁ diféerbRsFfle 'fgﬁrf]'ﬁ aﬂle? s 5!5@;1:51? B%irh ®F less and the

irection perp extrusi on
_ averagelfE§hOBf cﬁe fd¥Pned eellefbrhitdtkin the folffed Ayer APERE cAdssZection
m 147 The heat shrinkable foaned sheet as recited in
takencalangtie direlitor perpendiculaetatie exrgsion directien ob tine ormed layer is
_ cells formed in the foaned.layer in the cross-section
aboug 3k&npm OngSehe extrusion direction of the forned
| ayer is about 13.5 mor less and the average hei ght
of the foamed cells formed in the foaned layer in the

cr ‘i?f’] e%g' :ﬁr sh"f?\gﬁﬁ egé%)}%ltgqul %ngecﬁié n@f&clﬁ@% ?9‘%@9@ @vherem the
maxu%%?d*%uﬁﬁcé sﬁi@o@ﬁné@séf thkPnorlfEamea taydt is T ¥han| BB .55 um.

sheet as recited in claim13, wherein the average
hei ght of the foanmed cells forned in the foaned | ayer
in the cross-section -54 ENNEN- 1111 [I1f
| ~17l | Thielheat sheinkable aserasited in 20y/Angueh claiey 13 to 15, wherein the
.(10. 08. 2007 / US2007/ 0115Q5 PCT/ US200
maxicnun. puface ﬁfrm'f'm?sw fi they nen-fegamed layer{s abeHa 1;4% pm or less.
extrusion direction of the fornmed | ayer is about 12.0
mor less and the average height of the foaned cells
forlﬁe‘j Heéé@wrfrﬂé'ﬂ%’fdﬁ&& 3h€ef Rdnfpristsgsection  taken
along t direction perpendicul’ar to the extrusion
di Ia%btrmd liyet benstituting d egrerlayer; ardout 11. 6 pm or
| ess. 16. The heat shrinkable as recited in any one of
cI & men-figarmed 1ayergeastitutintha surface skin lyer integrally formed on the
thness of the non-foaned |ayer is |ess than about
fbnnqd 17. The heat shrinkable as recited in any one

A R DA e e

of foérﬁ?é cellé?brnﬁzd'ﬁﬁfh%ah‘i&ﬁ@y@r frPQ'EPé%ssi&Qion t‘éﬁéﬁ ra'lcﬁ‘id”ﬁn extrusion
a foanmed |l ayer constituting a core |ayer;

direction of tleerésrmey fayee andtthelfbangddager isdess Bialnrabcmtewo 7 um?¥/cell in
integrally forned on the fornmed |ayer, wherein the

averggeaaned df £gamedgells formedin ﬂmfsnanzecséyeslm@ﬁmsrseqﬁuon taken along

aver age area
a direction perpendicular to the extrusion dlrection of the formed layer.

| 19. The heat shrinkable as recited in claim 18, wherein the average area of
the foamed cells in the cross-section taken along the extrusion direction of the formed
layer is about 1,986.8 um?/cell or less and the average area of the foamed cells in the
cross-section taken along the direction perpendicular to the extrusion direction of the

formed layer Is about 759.5 um?/cell or less.

20. The heat shrinkable as recited in claim 18, wherein the average area of
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of foamed cells fornBsle bfftedelpe: 10AABRE2002 18108 26 7RPCT/US2007/011505
cross-section taken along an extrusion direction of

the formed |l ayer and the foaned | ayer is |ess than
about 970.7 nR/cell in average area of foaned cells

R ey 2 BOTIUS 200008880

direction of the fornmed | ayer. 19. The heat shrinkable

the foasnedcellscin the arbss-Bedtion tdik@nedlong ithe @xbrisitih Airé&ioH of the formed
the foaned cells in the cross-section taken along the

layer isabaiti H462i0 po’feell arf lestiant dthewmverage area of tHeofdamed cells in the
1,986.8 n2/cell or less and the average area of the :

crosstsggkien takgn alang theedirectipssperpendisulardiocthesexdrdsion glirection of the

-djirectio r icupar to,the extrusion direction of
formeldnlgyelf &%‘%i@? K @SBW'%@. 5 n2/cell or less. 20.

The heat shrinkable as recited in claim18, wherein

the average area of -55 1~ ~1'~1~1, ~~11~ _

~~21! ! The'Heat 'shtihkable!dd felltedirh Qngfor{eﬁ‘é’leélﬁﬁﬁs 18 t620) Wherein the

2007 (10.08.2007) PCT/US2007/011505 PCTI US200 ". 41" "' ;
maximuimlsurface smiobthness! of.the: non-foarhéd layldr i§ téss;than about 1.55 um.

~~ 7w , ~--~,~~~al ~N ~. I|~lI1l]
~A~V L~ {FLLOLI~[YILILFIIIIIL! the foaned cells In
the,crgss-sectjon taken al ong.the extrusion difrection .
of 22e Tha ek shigsable; 2 fasfied in 3y o Gians 18 £ 206 wherein the
i t l.s { e
maxirfilfh 3ilfack SEOORASbthe RACISAIEE 19 1S obBut Tita ymor tess.
to the extrusion direction of the forned |ayer is
about 549.1 nR/cell or less. 21. The heat shrinkable
as2Becitlvehti shrimkablenfoaphed bheets comhprisintft, wherein the
maxi mum sur f ace snoot hness of the non-foaned | ayer is
| ea Soamed layesucoristidating a e layer; ldadt shri nkabl e as
recited in a one of clainms 18 to 20, V\/nereinﬁhe
e iNAMCaTec iRy s coBetiing 3 pUiface SER. IvaRintegrai fored on the
1.49 pmor less. 23. A heat shrinkable foaned
formegﬂgg%r’, conprising: a foaned | ayer constituting a core
I roi f j i i
sicReeifteToRRiect RS |k Thaf Atk 468 T R e ucrage
circumfeeestial lehgtH ofifoained celis of theefsarhédlaydrabita &08s-6ettivn taken
in average circunferential |ength of foaned cells of
alongtareextsusion diegation; of thedooneddayer on t aken al ong an
extrusion direction of the fornmed | ayer. 24. The heat
shrinkable as recited in claim23, wherein the average

7 o2fing e TR ShrinRBB b Oedlh i R 25 hhBrah shifyerage
circurﬁf@réﬁﬁél%nﬁiﬂ 8EtOfodthed BBIIS 8f TREIFIANED 1dyerdRHE fdss-dection

gm or | ess:
taken along the extrusion direction of the formed layer is about 405.4 pm or less.

25. The heat shrinkable as recited in claim 23, wherein the average
circumferential length of the foamed cells of the foamed layer in the cross-section
taken along the extrusion direction of the formed Iayer is about 342.1 um or less and
the average circumferential length of the foamed cells of the foamed layer in the

cross-section taken along the direction perpendicular to the extrusion direction of the
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25. The heat shri nkaﬁ!.t@oﬁ%cefp%cl'otA%Qusk 906 (13108260%) PCT/US2007/011505
wherein the average circunferential |ength of the

foamed cells of the foaned Iayer in the cross-section

Bt Db A

R e e i
foamed | ayer in the cross-section taken al ong the

formétl ra@@t—ig)ab@wm@ &ml@met_;g the extrusion direction of

!Illﬂlﬂﬂlllllllilﬂl[ﬂlﬂﬂlmﬂlﬂ

I HOWV ' 111 1112111111111 Date of receipt: 10
August 2007 (10. 08.2007) PCT/US2007/011505 11 NN, m
"> 11'il; 1 PCTIUS200; 1"In" Ilu"l"V, 2., ::::.:.

26.- The heat-shrinkable as recited in any one of claims 23 to 25 whereln the

[I1]~~1i (I ~f [ 1] IfIfI 'U"'II'~
maxu%@ﬁ%ﬁmﬂ&é@%b% hoReamsd layrs jess f1an about 1.55 um,

shrinkable as recited in any one of cl al ms 23 to 25,

wherein the maxi num surface snoot hness of the

- hopy foﬂ‘ﬁ%%éa%%‘?frldkﬁbleeﬁréd'l@ﬂ inkiyt orde 55c|%lms 28 toTiE whereln the

heat shrinkable as recited in any one of clains 23

maxiium shreface snidothness ofithes nohfoameddayémnissaboft 1.49 pm or less.
non-foaned | ayer is about 1.49 mor less. 28. A heat
shrinkabl e foaned sheet, conprising: a foanmed |ayer

Egﬁéiiiaujéi” St (oA DR ﬁwes;"é‘qo”rfw’ﬁ@%l‘éé‘gffy' formed on
a0 bveRYBhsudBRETs Bl ushii . 5 foamed

celd god-poamediidydrCristimtg bas(Rfaceadkin Ryer #t@yrally formed on the
cross-section taken al ong ~an extrusion direction of

formédi¢ayepr ned | ayer. 29. The heat shrinkable as recited
in claim?28, wherein the average nunber of tt} f oaned
celwherti theifoamed iayes exseedsigboulpt95.Breallsine inaverrge number

ot oG8 R 4k R 65t i
an e%ﬂ?s Qﬁ?ﬁre%%h'aﬁné%ﬁﬁe@?&%red in claim28, wherein

verage nunber oaned cells forned in the
foamed | ayer per unit area in the cross-section taken
along the extrusion direction of the fornmed | ayer is

ab@g. 3@t heatshrivikable as revited imdaim>28; axisereirettse avergage number
nunber of the foanmed cells fornmed in the foaned | ayer
of the é@am&dthlaszﬂnmh in the taaseed layer pen unitiasaa in dhg crgss-section taken

di rection endi cul ar extrusi on ction of
along His® Bl HeaN GiRAHon.Ol e foreies 10y &Tcls Aot /2,5 Celigfina? or more.

heat shrinkable as recited in any one of clalnB 28 to

30, wherein. the -57 d~~lklll~lt~"~ "1:~~. i~ tu~ ~

Dat3p, of T aeaPShridihbie @eTeckdin Ciatn 08B, 2095ein the average number
PCT/ US2007/ 011505
of the foamed cells formed in the foamed layer per unit area in the cross-section taken
along the extrusion direction of the formed layer is about 349.5 cells/mm? or more and
exceeds the average number of the foamed cells formed in the foamed layer per unit
area in the cross-section taken along the direction perpendicular to the extrusion

direction of the formed layer is about 647.9 cells/mm?.

31. The heat shrinkable as recited in any one of claims 28 to 30, wherein the
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P% H\'qullTll[ Lt| PCT' USBQQofreceanlo Augusl 2004 (10.08.2007) PCT/US2007/011505
ff(II|II~9f|~~(IIIIII[III-1[~~~[I~I|||~ maxi mum

surface snoot hness of the non- fogw&%vl ayer is Iess I
ey O tdmades A% et x.Th at hlsz NG RO
Wm@mﬁmﬁm@ 11 gt 14
surface snoot hness of the non-f oaned | ayer is about
maxmlruﬁ'lgsdﬁétre érﬁ%ﬁt oﬁ‘tﬁ@%rﬁﬂférﬁé@%&r |§f’é§%§ﬂ%€ﬁout 1 55 pm.
npri si ng: oame ayer constituting a core
and a non- foamed | ayer constituting a surface skin
| ayer integrally forned on the forned |ayer, wherein
t 32 .f odihve dhelah ghrinkablalasurecitéd i any anel afsdalms 28 &0 30¢ wherein the
length of foamed cells of the foaned |ayer in a
maxinu@ssuriace sraothness ofithe pamfaaceed, iyen isiabeudt 1 AP ney or less.
the formed | ayer, about 342.1 gmor less in average
circunferential length of foaned cells of the foaned

o FEe PSS RapIsT R sheet Cate B3, ' "
Ceé FSArea |9y1eﬂa5r%tttumﬁgsrcm [y ahdof  foamed cells
formed int foamed layer per uhit area in the

cr asonsfoamed Idyek eonstituting d berface skisi lapedintegrallg foahed on the
the fornmed |ayer. 34. The heat shrinkable as recited
formeddayei m 33, wherein the maxi num surface snoot hness

Th\%"‘ﬁ %Bﬁf o%ﬂnggll Ilée Slsraé}sgt.{@?l@n%]g? O%énlﬁ?é% hength of
foam&%&‘ageelg?éf fﬂ@gtﬁ?ﬁ%@@eﬁ@%o#@g%ﬁ%@ %lﬁéé\?@gnﬁ%ﬁﬂ%gtorysmn direction

of the R rat)eetaboﬁe RRADI £ iAfor Ieds ik ABrhdetitcurhfdiehtidluehgeh of
a core layer; and a non-foaned |ayer constituting a

foamedicélrcef the fodmed layientie the lctossksedtion takeh fatond thieregtrusion
| ayer, wherein the foaned | ayer is about 66.2 m or
directiassef the foveneddayerand Bboot Bﬁ%ﬁe@eIIS/ reg? or more in average number of

foamed. gelisformes’ A RIeJPaTIss oY QopeRunbaTea IR e S35 ARGIR daken along
bl 0 B b £ 111111 11

M hl ~I ~t EULU111~1(] ~~~ut ~~~~[~ | ~:0161" cells of the
foaned | ayer in a cross-section taken along a
di B4ct Tha heat ghrifkableas recitéd in claim 33, wherein the maximum surface

smoothness of the non-foamed layer is less than about 1.55 pm.

35. The heat shrinkable as recited in claim 33, wherein the maximum surface
smoothness of the non-foamed layer is about 1.49 um or less.

36. A heat shrinkable foamed sheet, compristng:

a foamed layer constituting a core layer; and

a non-foamed layer constituting a surface skin layer integrally formed on the
formed layer,

wherein the foamed layer is about 66.2 um or less in average length of foamed
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extrusion direction gfe BFP@cefp@rlﬁ%‘i’.gﬁsﬁi’(ﬁﬁ (10%5’%37} ﬂ@ﬁu@zoﬂ‘nonsos
or less in average circunterential length of foamed
cells of the foaned layer in the cross-section taken
al ong the direction per pendi cul ahé%éigzeﬂg rusi on
B o du Ill.';_l-" bz Erbiera he BN A a PNREIRES
Lo B e of foamed lnGmmA B
formed in the foarred Iayer per unit area in the
cells sfithefoanted lapef ks Rrodsesetionctaklen Adrigd dieictien Perpeadicular to an
to the extrusion direction of the fornmed | ayer. 37.
extrusioe direatios hofi thiedbrmeddayer: abeut 138.0 jgnmor3iess ihaverage
~ the maxi num surface snpothness of the non-foamed .
circumtgyentialdengtyof fgq{ng@@:g[ls of the framed layes indhe cross-section taken
e as re di claim 36, wherein e Jmaxi num
along 3ferdieetion, S pRABICLR tortne %w-?%ﬂgsw% 8F th el Ve, and
exceels Sl 83718 Sany i h BEGlaoR HBIRE L dHEAER Lol i n e
f f Fuﬁ?ﬁff@ﬂ h%MéErGé%nﬁdthttbRSn al fl'ﬂ?&lré&idh erpendicula
oam?d;y I’l nt egra ! formed on th Ie for msd&*g;iyer ereP P r
to thééﬂrasiehawmonlofadhermrmm@f of the foaned cell in
the cross-section taken along the extrusion direction
of the formed layer is about 17.1 ' m or |less and the
aver age equi val ent di aneter of the fganed cell
cr 84s- §Beesh sheinkable Asdigite in gaim i, avh%rsrrb@wamwm surface
e 4 | ess,
smoolfhddor Wkl Raret ROl R 458 PRBHstB s Tt of F e
foaned |l ayer in the cross-section taken along the
extrusion direction of the forned | ayer is about 167.0
m 38! Teesheptdhtinkablecasaeeited iy thimf36, vhdreimthe naXdimum surface
_ of the foamed |layer in the cross-section taken along
smoottnessi ofdiei non-feaped dayer iaaboot 419 pm oulgssn direction
of the formed |layer is about 66.2 mor |ess, -59
Pfrel QR LTt bttt ertitrrertrrirl Date of receipt:
10 ugys 0Q7. 0 / 11505 " il 11
1036 %{g‘e??t ke ?052'88‘?)5“5& QHF?RQ%TAQ iii PCT/US200
, m%ﬁji i~~~
3 a foa ak’éll gonstltuhnb ﬁ to:‘é‘ lb*«?r an‘d~ Wherein the
aVthﬂﬁﬁfdiﬁthlﬂlafe‘r ddﬂstlftftﬁfgi‘d soffate skivv lawer inteyratly formed on the
foaned |l ayer in the cross-section taken al ong the
formexklayegi on direction of the forned | ayer is about 12.0
m or | ess and the average hei ght of the foaned cells
f oheseinthervearageeauj t digmeter of the foamed cell in the
cross-section taken along the extrusion direction of the formed layer is about 17.1 um

or less and the average equivalent diameter of the foamed cell in the cross-section
taken along the direttion perpendicular to the extrusion direction is about 18.4 um or
less,

wherein the average length of the foamed cell of the foamed layer in the _
cross-section takeh_along the extrusion direction of the formed layer is about 167.0 um
or less and the average length of the foamed cell of the foamed layer in the
cross-section taken along the direction pérpendlcular to the extrusion direction of the

formed layer Is about 66.2 um or less,
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the cross-section tapgg AlQff: fo gtk bRS (1098. B.2007) PCT/US2007/011505
per pendi cul ar to the extrusion direction of

formed layer is about 11.6 gmor |ess, wherein the

average area of the foaned cell s#&ﬂzlzjesczboss sectl on

ST i p; Bl b oo e VL o -Iiiili EC -' lb o '.

LTt e | 1 ANt lﬁﬁ[l[lhlhﬂlﬂll!lJ!Hlfllﬂlllllh‘!'

average area of t he foarred cells in the cross-section

t algerainofe avidad e'r@?ﬂtoéf theSfoBfEH Eellsforfred! iR@he foamed layer in
extrusion direction the fornmed | ayer is about 549.0

‘the cra3sesgictionrtakér atongithar extrusibn dineetiog ©ftheforrhed ¢ayérak about 12.0
| ength of the foanmed cells of the foaned |ayer in the

um ot lessanctthe averagedieightafjthenfoamed gelisformadein lthmfoarned layer in

the fornmed er about 342.1 mor |less and t
the ciahsresRLon TPKaR ORI AITFEiaN ReBIENdulIpbENEE edrigioprdirection of

t-““éﬁ"f%‘iﬁ%ﬁ%pé%ﬁ% FBNrof 6880 . > et Pusi on di rect Pon of
hvHERENEthe é\)’%gé%rﬁ@%ﬁ&hé?@arﬂgﬂ‘cﬁle Re ¢ -3 tEﬁ't%ken along -

the average nu oamne orme

the elBragin difeion SEthefdrined I@9er % ABButCT,63: {Bﬁﬁiz{éé'“ éraled and the
al ong the extrusion direction of the “f or med ayer is

averagiecareapfthe foahied cels iorthemresssectidretakesr algag rthaftlﬁlrection

of the foaned cells fornmed in the foaned | ayer
perpendieular to the, extiusiongdieedion: ¢fowetf9kr@ﬁdalab¢rgl5tab@ut '549.0 pm?/cell or
less direction perpendicular to the extrusion direction of

*the formed | ayer exceeds about 647.9 cells/m®. 40.

TheyHain Y Ly %gé%ﬁﬁn{fg IR Iérg*tﬁ t‘ﬁ tﬁb%ga Eeglisrbf the foamed

t he maxi num s SITDO ness e non-

layer'lﬁ!ﬁé crGss-s&cion@ReAIdrig thé extrusidh: dlﬂ’é&ldﬁﬁ@ﬁ the formed layer is

shrinkable as recited i n claim 39, wherein the maxi nrum
abous Bnﬂan:ﬁm entess lameksthecdvearage m:u'nufnﬁemmmal rgthiof tlab(foamed cells of
mor less. -60 ~~~~i|l~I~~;i~ Date of receip

the mrgagtlawom thegross-sedion tasnn@szogﬁhemrmson papenqilcular to the

T h h bl
extr%wgefa'r%e'%ef s foEibcipyes s BoUREP T el
rbfh £HY SR‘?% Wg& rﬁ}fﬁﬁé’nﬂbf‘ t%d Eo %P med in. the foamed layer
co ex%rusn on I"ayer ann ar extrusion Eﬂe of " one

per uPiit @rébnhctﬁé%roiélge&ﬁm tal@:ﬁtabﬁ% tHe @xBEIdGiredtidibfehe formed
agent and at | east one of pol ybutene, ditridecyl

layerasiapatit 3485 eelti#my? admupreand thedaverage nyimber of the foamed cells
trimellitate blended to a polystyrene resin acting as

formed imthe faamed &ver pel umtuatﬁaen the ﬁr@ﬁmsa@oattakeadomwe direction

perpepdlg@taé?% Eh{.- egﬁ{:gg{ﬁa ige {@m(%gbf %e formrgchta%re e>t<geee%es about 647.9 .

cells/mm?.

40. The heat shrinkable as recited in claim 39, wherein the maximum surface

smoothness of the non-foamed layer is less than about 1.55 um.

41. The heat shrinkable as recited in claim 39, wherein the maximum surface

smoothness of the non-foamed layer is about 1.49 um or less.
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wherein the non-foanbske bfy&ipti B AugisiBub7 Pn0.086007)BCDYSR07/011505
resin fromthe co-extrusion two |ayer annul ar

extrusion die of the other of the extruders, the resin
belng obt ai ned by bl endi ng pol yol efin, and a ' : ,
m., s g 2" P CRIS200 00 ER S

t, and nelting

state in V\/nl ch the non-foamed |layer is coated on the .

foaged | gyerheatShrifkabkestestids rcbt elaiettorad, recit ed
claim1 or 2, wherein the non-foamed |ayer has a

pr witereiaythe foanced laylen de farmadeby extrading aonelifram,a co-extrusion
conprising: a container main bod%§ and a heat

two laygri T]muﬂaéem@spnaﬁewmee@f exryderspthe melﬁzCOfm@?'@Q@ nucleus
oy S B Bl B st
~ and tFiﬁﬁle ?WFF?@'?F‘PFF }?h ?olyétyréné résin acting 3s a main component and

further containing at least one of nitrogen, carbon dioxide, and a mixture thereof in a
supercritical state, and

wherein the non-foamed layer is formed by extruding a resin from the
co-extrusion two layer annular extrusion die of the other of the extruders, the resin
being obtained by blending polyolefin, and a compatibilizer of polystyrene and
polyolefi.n with polystyrene as a main componenf,' and melting them in a state in Which

the non-foamed layer is coated on the foamed layer.

43. The heat shrinkable sheet as recited claim 1 or 2, wherein the non-foamed

layer has a print layer on a surface thereof.

44. A container, comprising:

a container main body; and

a heat shrinkable sheet as recited in claim 1 or 2,

wherein the heat shrinkable sheet is closely adhered to a peripheral surface of

the container main body in a heat shrank manner.
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