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DESCRI PTI ON  5' HEAT SHRI NKABLE FOAMED SHEET Thi s
application clains priority to U. S. Provisiona
Application No. 60/899, BESCRIPTdONN February 5, 2007,
the entire disclosure of which.is incorporated herein
by reference in its entirety. 10 Cross Reference to
Rel ated Applications This application is an

application fi imng the

benefit pur suahﬂwgggI@@Ef@%%@ﬁfhe filing

date of U.S. Provisional 15 Application No. 60/899, 392

f i | Bils appleiaiaelypings prooty, tmulss@a@msmaalaepmucstlm No. 60/899,392

111 Tec ld Th res .,nvention rel
flec 37 EEWLEY Sh PO abr e TbE st S B Waidthis Beorgpedtes fisiin by
refer%ﬁ@@% li‘fgrgr&ré&| ate to a heat shrinkable foanmed sheet

excel | ent gIOSS|ness and surface snoot hness and

al so excellent in printing performnce. Background

Art 25 The foll ow ng description sets forth the

i nventor' s kQBR$® mneetaRedated Applicagions ens

therein and should not be construed as an adm ssi on of

know edge in the prior art. A resin foaned sheet

ha r £G4 P

o R LR M un B 35 850 C 1 (B glaiming the
beneﬁntqnlryuamﬂu Ié‘ijUtSvaérl[lﬁ(@(]@r@fcthetfﬂlngsdatb ofid).S. Brayisional

cup at es ood cgntalners ckagi ng materi_al s,
APDISABRA AT B0 3,289 HIRS G rabidaryr S, PRESANE &0 51 .. Crs111(b).

the case of a heat shrinkable foaned sheet to be used
as packagi ng | abels, decoration printing is perforned

on a surface of the Ialq@chzm@ép ﬁ@[do a glass/plastic
container to provide its content's information. 1 This

ki nd of heat shrinkable resin foaned sheet can be
manuf actured by a nethod disclosed in, for exanple,

U. SThePpresaht Myenbof 281a8&0to J Reat B li@D% faak@bsh&t. Some
U S. Patent No. 3,979,000 (JP, 561(1986)-21826, B)

preféir&] eRdtoaiments. refat8 48 Hleehat(shifinksblEfba @8 IHhced BXTtenAln
and JP, HO7(1995)-32525, A For exanple, a

glossieess ziid purfpeesempothyesy cedelscesxaellast i pravtintaperfoahande.
a foaned sheet, a nucleus form ng agent for formng
foamed cells, a spreadi ng agent,

Background Art

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
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 labe! applied to a
glass/plastic container to provide its content’s information.
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and white mneral oil or polybutene acting as a
viscosity controlling agent are 10 introduced into a
first extruder to be nelted therein while adding
pol yneric ester such as ditridecyl adipate (DTDA) as
a prhsthind o€ heatbltrimedhe Asie frdmed dhext & Be idtlifaduded by a
foam ng agent is added under high pressure to the
method tesalosed yis,tfipr eremaie] kB ergtedt Noah$ 26D (J'PPHO?(1995)—64005, B),
resulting nmelt is transferred to a cooflng ext ruder
U.S.dratenidid. 3/978,00685(IPp861(1986)21626) B tU.SxPattteNd. &,842 560 (IP,
cool ed therein. The transferred nelt is cooled to a 15
HOS( E3839 ¢ 50577¢, Appargh P, 4167 (169578285 raisi on, and t hen
sent to an annular die portion provided at the front
end of the cooling extruder. On the other hand,
non-foaned polystyrene resin is introduced into a
secherexampledagenslmrirpest polystyirene easih abarraw material of a
transferred to the die portion provided at the front
foamedisheet; Banustrys fegming agendyxor ferering foamedtcatls, a sprdaidiriy agent,
no foamis contained in the nolten resin. In this die -
and yaiite mnerehell oo pelybritgniectcting: as a aiscppibhremtsolfing egent are
., extryder apd the extrusion material fromthe second,
intragced dip Hfiist ESEHERT £ gRMPRIFeChinereln-vehite adring ashaneric ester such
rical red sheet | whi ch a non d

as dfitdecy! pdijite (0T DAS S SRRyl oG] A Farpon dignige acting as a
foanyB6 SR At e TER hudtoul o i bl Cotysly e i kneaded,
o PSPPSR o S e P A et o
of tHe iR Blr 10,8 DR BeReanar OEhe Sl Bitls coplepiie @
3 AR P AP Ay A lforion
proviBRda S hePr QY Q?:djof"fhe]‘ I&“t%bdiﬂ@"l?&ﬂo%‘ﬁ”‘ &hdfie %Ifthémﬁaﬁﬁaq‘gbrn%oamed

ring. During the coo ension I's applied usi'n

polyﬁppeﬁé’klsﬁ*n Fs%ﬁ@dﬁééc?ﬁft’@%dsécﬂnﬁ xBdet BAH r?ﬁé[tc%ﬂ FRSEINOBnd then
0 e In

the sheet, and t stretched sheet 1s cu

trandfatréd o Whé Bicdprtiohgirovidieg at esd!frbhhEng beele E&ﬁéfnﬁ;@fikﬁ‘@xtruder ina
d | foanmed [Fayer,

layers, i.e., a foamed layer and a non-foa
stateMr] Whive v@ e iSchstBrridahltiie mattdh ediRankoihehart p&tion, the
this kind to be used as a packaging material, such

extrasion engerialafrbabidle, firshextddddn At tie sRehon esdterial from the second
characteristics, such as, e.g., tensile strength,

extrudeyi atetjyinediogetieoand, coF-exided as g,cyfindride avo-layered sheet in

shrinkabl e characteristic, the printing -
whicthenactfeamstliresindaydrde coatedadn arfpamednesin layer.

characteristics to provide decoration for giving a 10

vi sual product image on the surface of the sheet. 1

The inner and outer surfaces of the cylindrical sheet co-extruded from the

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 cyiindrical
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In a conventional heat shrinkable foaned sheet ,
however, such print inmages wth clear print

man?%g 'E»Sé\ﬂh?& af ok Hoﬁfﬁr tr{gﬁrglg%g of ﬁlg(% niaﬁ{ﬂgglxﬁi@ Qpi@@' 3'??1 cooling,
o 3B 15 B RS AT o s

and StPMRRLS sfw@éﬁ”‘% ¢8 'ﬂ?ﬁélv@%‘ ORtH §%ttlap SFHe[ rae%EIting,t shegt having two

0SSI ness, surfa SNDO sS "an

Iaye 851.€ (_a%HHed Ihgx@ﬁ’%ﬁc?ﬁeet ﬂagnﬁétﬂa EP%II'b‘é Wound.

| ayer fo ving | east” a non-f oaned
| ayer as a skin layer small in 20 thickness and a
foamed layer as a core |ayer larger in thickness than

t hEEs@@eraﬂgamtﬁe fhAmed shéétfdﬁ%H{% Ih@eH BEQREd a%%ba@égmog material,

surface snoot hness of the non-foanmed | ayer

suchsisz @sg.0h 1Al Mncadditior o6 Msthanicahendrearertitayeich %X%rd tensile
a strong i nfl uence on a printing performance of

streri- figiditg dsheay esrce oMsitibitityy BNG hbh?sﬁrllm{a@ﬂ@cﬁéﬁ*aﬂtér%ﬁ@fthe printing
The 1 nventors further continued experinents and

charattadstisisash bne af irypordsket ¢Hma¢teasm$tto§ﬁowmeeﬂédo®at40nﬂw giving a
description herein of advantages and sadvant ages of

visual product imagewrekhe swfdmedifbetsheetret hods, and appar at us
di scl osed in other publications is in no way intended
tolimt the present invention. Indeed, certain
features of the invention ry 3 be capabl e of
ovdncbaemgnéienebineatrhsiadabietfagesd sisiek ehawevar, such print images
retaining sonme or all of the features, enbodi nents,
with cieer aeiet DarpdaripmeculdSohibsasabed: Furedamplei sdhus.dihe printing
of Invention 5 The preferred enbodi nents of the
perfgsmasieRwas el W@Ms gaVeaBloEn devel oped in view of the
above-nenti oned and/or other problens in the rel ated
art. The preferred enbodi nments of the present

LR A DA faﬁr&%ﬁa@ﬁsae@%zeza@nwsand
o B3 158 o R R TRk P Ty U5Phce ossness
suﬁaggggric}ggﬁﬁsgc,aﬂgdaﬁf’l@ﬁﬁﬁ ﬁ@i{}? P‘g‘éefesggp%%%gp}ﬁ tH%efgctat?]at ina
ot QEGELAI DAY 1o, RLERS BRI L & BRF LA S o
thickAB& and a foamed [ayer as a core layer larger in thickness than the non-foamed
layer, various dimensions, such as, e.g., surface smoothness of the non-foamed Iayér
and sizes of foam cells formed in the foamed layer, exert a 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 pres;entw

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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15 giving théﬁr,rral i nsul ating properties when the sheet
IS aﬁflied to a container. Among other potentia
be capahle efqrvercarving eantadia idinadvantagaspibile el eethiming some or all of the
printin

el Lo i e

consi sting of a non-foaned | ayer and .a foaned | ayer,
i.e., a non-foanmed 20 pol ystyrene | ayer excellent in
surface gl ossi ness @PigdclosiraoF GiRrgitigsss and a
foaned pol ystyrene |ayer. According to a first aspect
of a preferred enbodi nent of the present invention, a

heat. shrinkabl e foaned sheet, conprising: 25 a foaned o
SIS B e A RO erys o a6 BF Sk i MeAtan Ty apn developed in
' (] . ¢ . . Ly
vier 8 fc AIRLIEHERAR S 5SSk AUABKTLY he prfered
emboairaentssofithe prédumt irpeeion kabSidnificaitRXniprovE UpbBeRisting methods
snmpoot hness measured i n accordance with ['S08791-4. 30 :
and{of apparaiuéesnent i oned heat shrinkabl e forned sheet,

preferably, the maxi num 4 surface snpothness is about
1.49 mor less. According to a second aspect of a

I
pr efBINERIBRD BateRER agvantRgep sesamembogiaaRtissan prowisia a heat

ooy O SNER  SHERE A £ O AP
preftéf]aemt Lbed bog packadingtrat khinkabie abenEfeHIAL by pEAbARHOMgh-grade

> forned layer, wherein the foanmed |ayer Is |ess
clear pentiagvdileoeventingbreakageyef @ quntaiar ity itituesinigngng pfoperties and

.. fognmed cells forned in the foaned | ayer i.n a .
giving el szt RneHesng e TG Best b AopiRd e pecantaner
of the fornmed | ayer and | ess than about 20.0 min
aver age equi val ent dianmeter of foaned cells forned in

t heAfemaesthbrpeteritial adeartsges evhi@amboalents! @rtravide a heat
di rection perpendicular to the extrusion direction. In

shrinkableferraas Abeeinu@etentt inghintingathasacteristics eoreprising atileast two
hat_ t i val ent di.aneter o

layef§, EORGEMG oo ingharikd BYRE L 8Nl E Romitong Tiareroamed

po-ny%eyggﬁbrsieaggr g%%e%hi: m&affaééﬂ@ofsaha?sdﬁhaﬁw_aké sﬁ%‘ﬂﬁ?ést%hagwd a

the average™ equivalent dianeter o

foanﬁexhpeb?stwdamcs[ayer.t he cross-section taken along the

direction

According to a first 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 non-foamed layer is less than about 1.55 um in maximum surface

smoothness measured in accordance with 1ISO8791-4.

In the aforementioned heat shrinkable formed sheet, preferably, the maximum

4
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perpendiculafhto the extrusion direction is about 19.2

mor less. Mire preferably, the average equival ent

di ameter of th cel in the cross-section
surfqgg@*ﬂogi#‘gﬁas{%gb%?gagggﬁhrgloaie% rection of the forned

| ayer is about 17.1 mor less and the average f"-1

equi val ent dianeter of the foanmed cells in the

o Troafer 8 SR BerRBet for gféf';%cdt G309 RRGR e Brifent
mveﬁ{ig? b a%? B L eRRd et §I§%étn56‘$|g fgtmed sheet,

{ he maxi num fmoot hness of t he

non; 1.55 m More

pre?J %ﬂﬁ&zé@gﬁ%@dﬁ@ su@% @D%@gthness of the

nons

fofa n% grrlzgeﬂzlgg?l‘ ﬁrﬁg?%t?neqlgérﬁegl?é %]Sm O’S?ér tp%&ﬁ%ﬁ)ﬁﬁ%ﬁ@j on the
forrri%‘f:!%?é\t invention, a heat shrinkable foaned sheet,

conpfising: a foamsd | ayer constituting a core Iayer

andwﬁefé?rﬁ‘tiﬁé’?c@ﬁedi et [§¥é§§*thérﬂ¥ab6l9k 20 aglrﬁ% @vekide equivalent

| ayer integrally formed on the fornmed | ayer,

diamydter 8f fdmed t:@ﬁsnr@ﬁnbamlthe $odrﬁéds ia*y@am akt@@és-eé’choﬁ tﬁkerﬁ‘ along an
average length of foaned cel formed in the foaned

extrigiye direttion of ass farawid et afk@ms@thal aboueR0I0IghOIM average
direction of the fornmed layer. 10 In the

equiaélentufamétenef fdwratd sblls foraladanfthafeamseteayer in a cross-section
preferably, the average |length of the foaned cells of

takenradorhg andicectiap ererpenditidac tolse edetsiom direkéon.al ong t he
extrusion direction of the fornmed |ayer is about 199.3
mor |ess. Mire preferably, the average |ength of the
foaned cells of the foaned Iaéer in the cross-section

t akbmtheapiorementdorsd hesli giinkebleciormedaheehdt isopieserable that the

| ayer is about 167.0 mor less and the 15 average
averpgp ganivatent kbametared theifoamet cefiein M@S$é9@ﬁ+on fakeRealong the
S R e % S e
cau AP digiater gk Bieut e cé‘tbs?@?t@%&%é%”%cﬁs A gfangihe direction
ook 5 80P 48558 Y U RO el%aécf’nlhﬁ?épreferabm e
averixggf@%{ﬁqe\@fen%é@@meger of thel?ga med ceﬁs mn 91e & ss-seétlc?nbga%en along the
extrusion direction of the formed layer is about 17.1 um or less and the average
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 pm. More
preferably, the maximum surface smoothness of the non-foamed layer is about 1.49

um or less.
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Accor di ng to'—é-‘ fourth aspect of a preferred enbodi ment
of the present 25 invention, a heat shrinkable foaned

¥y o S o B RO Per YRR TR it o the piegent imvention,
2 he%ﬁéﬁ*@ib@@%éb%Eﬁéﬁ%{%ﬁ@?ﬁé%‘?@Qst ?ﬁan;ZLE‘S?h'l"é‘:Sr n in
ayroamed 18 e AR G RVel Al an ot rusi on

L850 Rl Bl SSTRA Y S R AT oo on e

fornicReaeek cel Is formed in the foamed |ayer in a :
cross-Section taken 5 along a direction perpendicul ar

to @vhérﬁﬁf.‘tlﬁé’%ﬁﬂe@ ES ﬁ$ %}g g.lltu%ﬁ ?So&@%ﬁs?ﬁ éler@fﬁ Gveldde' Bfigth of

af orenenti one eat ’s oane

t; | t _ . .
ranREEELh NN NEYBAgA ol Bl S BREA o B pusion

djreglmtﬁeﬁ'@rﬁéﬁﬂgférpn direction of the forned |ayer is
about 13.5 mor less and the average 10 hei ght of the

foamed cells formed in the foaned | ayer in the
cross-section taken along the direction perpendicul ar

to Irhheeaforarnentiontid Redt shrirkbbldahridn@bet ayieferably, the average
about 13.4 mor less. Mre preferably, the average

lengtieoftiie fufamdtbcdliseofetiedohinedflayersid the dbss-sdctianedkémuRing the
in the cross-section taken al ong the extrusion

extrutiiore direciiorodf theefdrotadeldyet isyabout 498Boutn di2lebs.m Mord pesferably,
and the average height of the foanmed cells forned in

the avesags langiimefl thefeamed celieotthesfoaset laper inatkercrasosertion taken
the direction perpendicular to the extrusion

alongithe extropioprdirasdionsifibe foaped layer issakouthkay.Gpoubr kbsénd the
m |In the_aforenmentioned heat shrinkable foaned sheet,

avergge eagih Pjthe liemadselmahtBe featoed Biysbirmiheseross-sediion taken along

on-foaned | ayer is |less than about 1,55 m 20 Mre

the %F@F'@P&Qﬁ"??”‘iﬂ%@ah%@(mﬁjﬁ*téléﬁ'@'&élge%ﬁ*ﬁfb%ﬁ@s@rmdt'méer is about 66.2
non-foaned | ayer is about 1.49 mor |ess. According

“m(?gegififth aspect of a preferred enbodi nent of the
present invention, a heat shrinkable foanmed sheet,
conprising: 25 a foanmed | ayer constituting a core

s e e B U o ook TR e ieRE e tap i the
maxiﬁ@ﬁ@ guffalkg %gi/oﬁgggssﬁfg@% Ach-fdaSed A98r AARY tfaPdto® 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
invention, a heat shrinkable foamed sheet, comprising:

a foamed layer constituting a core layer; and

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

formed layer,
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7 of foaned cells formed in the foaned layer in a
Cross-section taken al ong an extrusion direction of
is |l ess than

oth B8 the Hhefieeh € S MR ahPUE T 510 miineayedas beight of
foar g FEfs @?Bfeﬂéettﬁgﬁsﬁaﬁﬁﬁ%@ﬁ|§$f%%§%§ﬂioe@§aﬁ%5§'@'ﬁ9 an extrusion
diregdr PO Y tobinsiSys el tng REFtec BupLisufs Bl 8680t Sgaim in
o TR e Y AT i i
alon@bé) Hﬁe&h&?ﬁe@eﬁ@ cﬁfa{nr tg%ﬁelﬁfr%s%dd {'&‘Elo‘?ﬁ"(ﬂ“” t%%%ﬁﬁﬁg I%\ﬁeé: '

oaned he "cr 0ss-section taken a
direction perpendicular to the extrusion direction 10
of the forned |ayer is about 759.9 nR/cell or |ess.

I\/br mﬂ{eeéﬂré\%ﬁtloﬁét? h@¥esd a%'feeﬁ)aﬂgéd st ?éFEF%'abW the average

€ cross-section ta a ong t extrué

helgﬁt b?ﬂﬁé ﬁﬁnﬁ’éd ESR folPRaRY th@?ﬁméé Iag'ﬁ trﬂ%ér%gs—@ectlon taken along

| ess and the average ar

the @ﬁdru§on Idrretﬁ@m oF axsferaRid BPet Blebualiony hher ﬂésfs %‘Hd' PR average
per pendi cul ar to the extrusion directi on of

heighebfrettk faayeed tallsFoantd i Shd fodieedyepin ’cr%sérosé-%ettfbﬁ tken along
af orenenti oned heat shrinkabl e foanmed sheet,

the diredtRmapdrpentiicelar texherartrasioh athection of binee &srnadd lalper is about 13.4
non-foaned | ayer is |ess than about 1.55 m More

um or Eker abloye prdferaity ithe mveragearsiglsinoiothefeamenf cdllsdformed in the
non-foaned | ayer is about 1.49 mor |ess. 20

foamext Gyer imytheocrassisectioratakeotalofg dheertfresioadlimetiodiafehe formed
of the present invention, a heat shrinkable foanmed
layeg I$e?é?tOUt darprimsorigss and theaveragy beight 0§ the faamed aelisfiosmed in the
and a non-foanmed |ayer constituting a surface
foan@,qxq)( faypayétha grosspsactign t&heﬁ@ioramth&]dlremprf permpegdicaasrto the
wherejn the foaned sheet is | ess than about 468.7 min

extragien sifectien of dhe Earaird laver isrgehthon akifteld -6 eM-s f or med

in the foaned |l ayer in a cross-section taken along an
extrusion direction of the forned | ayer. 8 In the

f h kabl h
Srg %H‘?ﬁz Ii@?gqen%@ eat “sr}wrﬁw a fo %rrhee% S%e%%,t preferably, the
maximum surface smoothness of the non-foamed layer is less than about 1.55 pum.
More preferably, the maximum surface smoothness of the non-foamed layer is about

1.49 pum or less.

According to a fifth aspect of a preferred embodiment of the present invent'ion,
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 layer is less than about 2,511.6 um?/cell in average area
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circunferenti al l ength of the foamed cells in the
cross-section taken along the extrusion direction of

of fogigreLPelfrprmBA T LS T RL T KA LLGrackon ekt Aloge an extrusion
direct e oo RY e i oS s YaR abstlf Sgnz mcel in
averdh@erest AR CoIsT BN S yELFCHRSTRYE: o rroPahggh aken along
a difg ey perBen el AP A pafusdh BRI b ST o

af or ement i oned heat shrinkabl e foaned sheéf,

preferably, the maxi mum surface snoothness of the

nony{ ?ﬁ:‘?@’réxtﬁ%ﬁﬁoﬁéd heassiiifanRPRisnet SRt prdrBlably, the average

pre e maxi mum surtrace snoo

area%&ﬁé&ﬁ‘éd' @18t tie aRRWsectlort kBN IohE Ti5e elftusion direction of the

According to a seventh aspect of a preferr

formfbagerTeaboof 1 }%.@Hﬁ?ﬁd@ll orl |8%EiHd i a\/%re?@éreal of the foamed cells

shri nkabl e foaned sheet, conprising: a foanmed | ayer

in theattetd-tadttiorotaken@iond Byediredtih perpeAdicorimed thaystrusion direction
constituting a surface skin layer integrally fornmed on

of thelfermbdriat it ayeut 7509 weedlhot less.f odorsplafgreblye e edsage area
about 195.5 cells/m®2 in average nunber of foaned

of theefoamddoceaiizdnithe tchessk sentied thkere alopgrtherdtrusiaradirection of the
cross-section taken along an extrusion direction of

formeddayarisabolhy @62.0 pnt’fellafrdessrant hermdrégearea of the foamed cells
shrinkabl e foaned sheet, preferably, the average 25

in theurbes-sedticiiokaked alend thd diradtibn perpkadicokaméd thawstrusion direction
unit area in the cross-segtion taken along the

of thexfiormsiddayeri is @boLbh4P sl pwoleell Driess. cel | s/ me2 or nore.
More preferably, the average nunber of foaned cells
formed in the foaned | ayer per unit area in the
cross-section taken al ong the extrusion direction of
© hel1t Biarar FRg RO NestashuikaBiesioB st Hagsbmbrcsk by che
and the_average, nunber of the foaned cel|s forned i

max Rk A IS OLHIG Nof SarTIad e i 1528 1G@e Epght 1.55 .

t ak | o the .di rection erpendi cul ar to the . :
More, BrSTRet Te MR GHiare: STOPHILESP Q) 4be SoBdbdMesauer is about
149647.9 ells/mm2. 5 In the aforenenti oned heat

: éHPﬁHNS ‘e foanmed sheet, preferably, the maximm
surface snoot hness of the non-foaned |ayer is |ess

t han about 1.55 m

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 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.
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More preferably, the maxi mum surface snoothness of the
non-foaned | ayer is about 1.49 mor l|less. 10
According to an eighth aspect of a preferred

enbodi nent of the present invention, a heat

contl i e B PEMohal ey ARl e SAREIBrb ) the average
o A YR OB A\ UL B ALl D e
extr@ﬁ?h‘ﬁrre?a? r?é fdr 'agera*éeef '0%”492 f Iesgoaﬂﬁqe preferably,

's'o oane Cross |on t

the &L&Q@e g Féréﬁﬁé%rleﬁ’%t'hed?tth@rfoarﬁtedtdeﬁsf n;ﬁ?&oké%ﬁ‘fmn taken along

mor |e in average cl rcunterent

the &aRHich Bfrecifr@r?‘ﬁ?ﬂ'recﬁﬂrtr% Y% R dRefsd?! 2y o of fesk 'éﬁd the average

Cross-section taken a e extrusion di rect

circuphfer&idi %Er'i&"tﬁ df@br@roaneéwicaraﬂrrtthé%%s% éé%hbﬁ’tﬁlf%?rh@lbng‘?h@ direction

I'n average nunber of foaned cells fornmed in
perpﬁaﬁél&%r't@&tﬁé RBsiR diredtien dffthe W@rrﬁé@%{eﬁ REEHAR: IC%‘@'@Lm or less.

along the extrusion direction of the forned | ayer.

t he af orenmenti oned heat shrinkabl e foaned sheet,

preferably, the 25 maxi num surface snoot hness of the

nonkf denEdréragetioned hestssHrirkabbfwamell Siteat) prefbrably, the

preferably, the maxi mum surface snoot hness of the
maximomrf Suafeee dnagyathness abiha nort-feined daydr és kess than about 1.55 um.

According to a ninth aspect of a preferred enbodi nent
Morepraefasbby, dhemaximuensudace smobtutess lof ithé abhefofipeadedyer is about

sheet, conprising: a foaned | ayer constituting a core
1.491 @penr;lesshnd a non-foaned | ayer constituting a surface

'skin layer integrally forned on the 5 forned |ayer,

wherein the foaned |ayer is about 66-.2mor less in

average | ength of foaned «cells of the foanmed | ayer in

a cheSxd Iaectp.aﬁre\teaﬁréﬁsar@rrg aP@fewed esmPsingahal ﬁrﬁ Rresent

an extrusion directjon of the forned |ayer, about

'nVe‘m@nroa Hﬁ@erhr@ﬁ‘@bi%f%da 9& FUURIENGAt i al |ength of

foaned cells of t amed I er in the cross-section
t ak@foamed @Y%&Oﬂ%@tugm@cwr@ v 88fdi cul ar to the

extrusi ction of., the faor S
Dot OBA9ageEa e Bt e BFECh sRfdr o Rfesfiba i ied on the
form&H e O e 1 the
wherein 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 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 celis formed in the foamed layer per unit

area in the cross-section taken along the extrusion direction of the formed layer is
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foanmed | ayer pér unit area in the cross-section t aken
al ong the direction perpendicular to the extrusion

abodh SE R cBlls ot F alee B th S eind it Lithe foamed cells formed i
e 55161 et oeL e 5 U 455 S8BTRRLANGR Bl Miction

referahly, .t xi gum,sur face smot hness of the
perefoRIcElR de e QSR 4156 Rl G odeds Sbout 647.9
cells@ﬁﬁfg ding to a tenth aspect of a preferred enbodi nent ’
he present invention, a heat shrinkable foanmed

sheet, conprising: a foanmed |ayer constituting a core

| ayer; and a non-foaned | ayer constituting a surface

ski ] d 1

anel ol B FpresBttied KeaPSEikapl: foofed Hic plduhy, the

maxBY B PARFRBUNMEOPRESs 9{ ﬂ{@h&ﬁ-@émé@w i€ Rlsh had aBout 1.55 um.

cross-section taken al ong an extrusi'on direction o
Mord E?efef'a%ﬂ‘%ﬁe!rﬁﬂﬁw%ﬁ‘@yﬁfﬁ@é&m&%ﬁﬂw OF the FoniBameel 1896r is about

equi val ent di aneter of the foane cells in a
1.490i@ss-18est i on taken along a direction perpendicular to

the extrusion direction, 11 wherein the foaned |ayer

I's about 167.0 mor less in average |length of the

foaned cells fornmed in the foaned |ayer in the

criserdingttoam eightnaspan of sherefertadiembodindéntest therprebent

the fornmed | ayer and about 66.2 mor |less in average
invehigmytd heft stvenkatbiefoednekbheetptompesihganed | ayer in the

cross-section taken along the direction 5

perdéoaihed llayertconstitetiogta aariedayati @adt i on of t he forned

| ayer, wherein the foaned | ayer is about 12.0 m or

| esd noR-faaeneddayeretayistiting heurfaomakio et istdgralietbrimed on the
~ the foaned layer in the cross-section taken along the
formegtlpy®i on  direction of the formed | ayer and about

11.6 mor less in average height of the foaned cells

f orYyearaim theyfoaraeshiayer iyeboutnlaHe ner ek kess di averadedragth of

ecti,on 10 perpendi cul ar to the extrusion

foa”?aflr'cf g%ksit%r%hgif’{)@ﬁ@dflé\‘%a 9 GPEF-Seli} Ekentaleng samxdrusion direction
of tigr TG oGP0 T 425 i O 1B et iR R i of
foantgtGedii e tPaBietiiakd P iRe kPGt PR dakert HRar g Aitston
cireci o3P dbiieo FYRE REOEHALD 308 Gl B0 3 e p el humber of
foamé EBR foRYEH 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 fess.

10
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wherein the foarred | ayer is about 342.1 mor less in
average circunferential length of the foaned cel s

forned_in the foamed | ayer in the cross-section taken )
alpéﬁ@r ing o aninthsasprcbet 2 preferredrenbrdimentef theypegsent invention,

8.0 mor less in the average
a he%ti &U’lfﬁﬁegf@eéﬁm 5 tﬁOT@P”?‘ﬁ'Q f oamed cgl ls formed in
of the | ayer i.n the 20 cross-section taken
! At ByeeeoteiutiBs Busie ity 308 L ne oxt 1 aaron
directiqn of the for a wherei.n, t
agbford D W SO HRING, et Tt P ot IReGrallformed on the

p a?b of the foaned cells forned in the foamed | ayer
OrMBR/3hit area in the cross-section taken along the

AL g S5l 55 P RAETERSn o roamer
s S B TE e 8 AP ter o

exm%i#’ﬁ@@g‘?% 5{ o Al A Bk PR hPermas,
urcuﬁ‘ﬁéfg?ﬁm? "fcfefrﬁé@*&%ebfs of fd%d%%rswﬂﬁ gss-section taken

ness he non-t oane ayer 1s‘less

alon%}tl"_?éd ct@f%?rpfé’n%fc%‘[éf%&heté?@rﬁﬁ?ﬁ TR bR formed d layer, and

nnot ness the non-foaned | ayer 1s about 1.49

exceéﬁ%ﬁbo@?t (%%“F)Wrc@llé}f%rhé wﬁBv@*a@é?ﬂdnﬁbé?’Sdf%hrr@d ééll@ﬁ‘@lfrﬁécﬂ 'ﬁﬁjthe

odi nent of the present ~invention,

foam@arih reurfioaiadn $he ekosseRRbh $h iR al@nf_:l Qﬁ@%ﬂel:ﬁ'dr@ berpendicular
constituting a core |layer; and a non-foaned | ayer

to theah@tusidi dirgctnsof thaderskinayeryer integrally formed on
the 10 formed |ayer, wherein the non-foaned |ayer
exceeds about 51.54 % in glossiness neasured in
accordance with 1502813-1944 in an extrusion direction
of Inhbersfordnoentemheldyeat shainkaeir feetiedabeaat, [RBF8bS the
gl ossi ness neasured in accordance with 1502813-1944
maximura stirfiace shrmotpregserfdihe nan-faameachiayexis les$ than about 1.55 pm.
direction of the non-foanmed [ayer. 15 In the

‘MorEa;Dmf@l@bm tha sthxiream shfagesindethnessretithehaen-foamed layer is about

preferably, the non-foanmed |ayer is about 68.68% or
1.49nonerilessgl ossi ness neasured in accordance with

| 502813- 1944 in an extrusion direction of the

non-f oaned | ayer and i s about 30.70%

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

a foamed Iayer 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 17.1 pm or Iese in average equivalent
diameter of foamed cells in a cross-section taken along an extrusion direction of Ehe
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,

11
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or nore in giossiness measured in accordance wth
| 502813-1944 in a direction 20 perpendicular to the

o kA0 LSBT R  Daflh E i LAASH ok gt of e
on LSRR PR Sl O P e B3 e exrusin
ared PR BlorHEE BUSSFRE bR b oP5ep hBrage engt of he
roanRe A e OBy GRSt SRR UH SRy

perp@hﬁicu%fr t?rtﬁe%m%fdn“&?é&i n;cgﬁpg?btméa’ﬁg ning a

nucleus forming agent an €ast one 'of’ 13

POl K& ieRfe folintdd BEEY s éts’dLgaitze.@ é@'ﬁ P RELRGH 'q@ﬁ%ﬁght of the

and trioctyl trinellitate blend to a po
foan{eRbédlsF6frhBd imthefdimhed Féggpﬁﬁ?\t@tcréﬁdsédﬂfowt%ken along the extrusion

containing at |east one Itrogen, carbon di oxi

directiof & thieblhediarirenid Afb@ BURSNS bt 1dtah SbAdR h@pﬁt of the
the non-foaned layer is fornmed by extruding a resin

foamadoralkstferrmaecd éx tine foamed Idyepin theetroasHaptiadn BehUusb®d the direction
die of the other of the extruders, the resin being '

perpehtizuizedo thy dxtreisidinngjrqmtionalfehe forraed [zyegonpat i bi | i zer
of polystyrene and polyolefin with ol ystyrene as a
mevmereimpunfoamedalagentd abod I H&0img cell at éessnineverdye area of
the non-foanmed |layer is coated on an inner side of

the formedozails dn kg erossecier takdinngjong the exklisioh divsation obthe formed
a preferred enbodi nent of the present invention, in

layeramyd aheubb4? Aeuraf/cel ok itssdn everngst areardfikafbameteslls jn the

the non-foanmed |ayer has a print |ayer on a surface
crosg-hectiast taken aleRa e Bsedinrepepepdiculmiito ghaextrusion direction of the
shrinkabl e foanmed sheet according to the 15 present

formegayRli on can be a sheet which satisfies any

o LA R S R .
e B L0 o e 5 e s
e SRS a2 THETH el 590 B0 SR sy e v
cireufts TR o RO THPen PR BrPd Bl DafelddVetin the

crosd-BEcH AR o ETE BREMidH & pRRaRUED A e BBEloN direction of the

formed layer, and

wherein the foamed layer is about 349.5 cells/mm? 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 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.

12
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25 The foamed sheet in which the sizes of the foam
cells in the foaned layer fall wthin the

LN NS SRR T T
35535 SR S SRR Bt s Sl ot 1.5 um
ore B SENLAL My SRR BHEARES: BPRICREDILGES r s abou

1.49 hedlbr §hsi nkabl e foamed sheet, which can be used as a:
7 Foame pol ystyrene | abel, capable of giving a
hi gh-grade nature to a packagi ng can be obtained. 5
In the foaned sheets according to sone enbodi nents,

snoot gﬁié@%tgﬁgae&osy ﬁagggéﬂo% tpfeéfgﬁspace o%l tﬁgbftﬁ@ﬁresent
inverltRiy, GaRRShPRkYBeNbSRRd ShERE, &ﬁﬁﬁ%iﬂ}gﬂdl ng to the
printing surface can be I nproved. us, original

f alyr fogenecef lapet Béndtlutieat @he id)erbhed! abel s can be
produced. And the foaned sheet can be used as a heat

shiy mdeaRdEnbaisler fconhsitihgi NetiFa sigh hdydristededWFordhed on the
bever age containers. The above and/or other aspects,

formég&iyeres and/ or advantages of various enbodi nents
wi Il be further appreciated in view of the foll ow ng
desdrarpin thie non-faarngdi layer ercardshabidue 5dcsbp anglopgness measured
figures. Various enbodi nents can include and/or 15

in acexrclande witihf ISO281t3- 2%Ppe ot 3n ekbrasionedirentiohaf thdvem-gesed layer
where applicable. In addition, various enbodi nents

and e@gecdsapdue2nA8 %ringessingsp sotasered FnactosdaiceontiplS02813-1944

) enbodi ments where applicable. The descriptions of -

in a Qisgsdionsperpendicylas takag extrusigngitesies abfthe aonifeamad layer.
enbodi nents should not be construed as limting other
enbodi nents or the clains. 15 BRI EF DESCRI PTI ON OF THE

B0 SHOEETERBRH Ft AN GHDIE RAmBH Sheah e REYaDlY, the
ron-feehediey s Ak BB T D B ot ecovcance with
rso2RRBASEP T SR B o Kb BB BHERb s0.70%
or mBrtéein @6?55:385% mBYE IR ‘accordance with 1502813-1944 in a direction

perpendicular to the extrusion direction of the non-foamed layer.

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 meit containing a nucleus forming agent and at least one of

13
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10 Fig. 2 is aischematic cross-sectional “vi ew showi ng
a cooling device located at a front end of the

o GRS B e, BT AP0 LY T W o

oy S8R R ¥ e e AL e B R REA Bt o of

BB S RBHE i M T R RGBT S B
SOImSERER R THRS f PR RS Dot b cBarusion

two-Tdyed lafnBfirExdeisirgd JFaRe bradt oﬁgbréx%%ﬁfeg@tﬂﬁ YE&in g obtained
various ot her m)dlflcatl_ons can be nmde 3/ those in
Eoﬁ@ﬁ#m, aPd 4 Be® atlblllk@f%@tﬁ%{ﬂ?@%ﬂ%ﬁﬁ%ﬁ?gﬁgﬁmh

by bldMeliry
heat shri'nkabl e resin foanmed sheet

polystyhad @Etméiﬁrtd@gponm,da% nMatih@Wemffa S¥8R Whichh@e
sheet 1 is fornmed into, e.g., a cylindrical shape and

non-Earhbe taydirip esegdain an imdrend@bf ey faahesd/ia9kr a
packagi ng contai ner such as a bottle or a cup. Then,

heat is applied to the sheet 1 to shrink it, so that
the sheet is secured to the container in a closely
adhécaeddingriner twélihsispeat ofna Breferréd arhieodirmnt of the presen
shri nkabl e foaned sheet according to this 15 -
inveridiy dnreswytoneasf thet sforéragrtientdheatcthrinkabkevshegts theamedfoamed
| ayer 2 constituting a core |ayer having foanmed cells
layerchasa msint layed an acofacatharedhyer 3 constituting a skin
layer integrally fornmed on the foanmed |ayer 2, the
non-f oaned | ayer being smaller in thickness than the
foalﬁngg | ayer 2. This, heat shrinkable foanmed sheet is
oyly’

for be gnggisterd it beatsteinkabledpames Segpreorsing to the
oresknE BB CFbs ch8 De st ich e e B ek B R o
stordfiEntia o RIREHE b P2RBI 30 LGRS Rbecd the present
. , i i of the first trud , d
inver 5 ot 8 PGPS Bheonbun in Fig. 1 as to the

foamed |l ayer 2 constituting a core |ayer, for

exanpl e, polystyrene resin as a raw material is

| NAQRKGRY th'y tHfifedrthHspB b8 PrerbireB%erfivodiment of the present

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.

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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10

15

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

pol ystyrene resin are a nucl eus form ng agent, such
high?rad@;;ﬂintin@osﬁmm bbendRnatSadest,td heatesiithkable foamed sheet,

pl asticizer, such as, e.g., nonvolatile polynmer ester
whicéxearpbe Lised abya amad poalyslyrensliapat, capaliieA)f, gieing aahigh-grade

wettin ent actjn S_a,spreadi ng agent of the '
natull']%%q) @d%c%gg'ﬁgnrgarhl@%%{:’?@ as pol ybutene and having a

resin viscosity controlling function. These materials

are heated into a nolten state. Thereafter, high

pr eBstheefoantadogheto scardingrtotiore dmboairhents, aspexially in a foamed

foam ng agent is applied to the nelt to obtain a
polyglareng phegth theesmopthresamngrglessinasstafdgersusiace of the

arbon dioxide i,s solved in.a supercritical state. The
non-fgaried POl Rie yshaerreeondipadodia Renngeyriceice be improved.
. _ . : £t ,

Thug SRINATaBBERhd Bl SirirkaBle fobblcapbé Bpuck;  Apd the
foanpedt thedt dahebe esed apartieatishtinkalflelsitel dat contamers andups including

cooled to a tenperature appropriate to the extrusion
bevernge ceri@ngAg resin is integrally coated on an upper

surface of a non-foaned |ayer 10 transported in

advance fromthe second extruder 13 within a

co- [ | | t

o [HeopPYCHna AR St telpls SRY/ch adEfitdeatr Bbus
embouivndrdy evikde fuethien apheiateddh viiw of thd frdloednd dysaripiiod in

.a non-foaned layer is extruded into a cyljnder shape. _
conm@ctmwﬁgrthe S5FRIBPRRY Y Tiguresr AEFOUSIgMPdiyents can include and/or

xc Bt i R B VG gES ifra® 25 Bliabiey, o in addition,
varidigrerhBadiBtentd @b ThiHbene oh@ e 'mdrel Sprtodk fRfuRSof other
follows. At the sane tine of the preparation of the

embodimneds vaiere applicale. | Ahedeseriptions ofi aspeciksx feaiums drid/or
a, mxture of polystyrene and olyplefin (ratio: .abou
advagitansos! Gatul) ehrodiaRstn SHoud Bet Becoprsse ergmilng other
enm?ﬁﬁM&ﬁ§Q¥%ﬁe0&ﬁﬁsadditive agent) as the naterial -of
e non-foaned pol ystyrene layer 3 (skin layer) is
nelted in a barrel of the second extruder 13. The
nolten 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 with
the two layers with 25 two |ayers integrated
toget her. The non-foaned | ayer resin is not limted to
pol ystyrene resin, but can be any thernosetting resin
including, e.g., a butadiene series or acrylic series
copol ynmer resin copolynerized with polystyrene or its
m xed resin, or a polyolefin series resin including,

15
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30 e.g., polyethylene, polypropylene, or copolyner

thereof. The foanmed resin |ayer can an

t her noset t | RRYERDE GF&IRHO@ OE T4IE RMVé{NGSne

series resin, block polyner thereof, copolyner resin

or m xed resin copolynerized with but adi ene seri es

r f h

BT B NS o e B Bent FL RS Sl by way of
examiplexade nahdmitationg entheoacooomeanlyig figugss invahtdi: cannot

be dissolved in aresinin a5 standard state of the
at nosphere. The foam ng agent is nelted in the nolten

resin, i iti . St | n.the extruder he
%120 sPAHBRC B Ak o B RSEBAE ShedPS excrucers
f .
oo o Sty ane A SASh: B gt oodimentof e
preseirddiventidogxyl ates, or a m xture thereof. The wetting

agent can be white m neral oi |, polybutene, or
Iom&nnlecular wei ght pol yet hyl ene wax. The metting

t LSpersing.: . i
B2 8 BrthsRo e PREBHE 2 B BT VR toceted at a
frontTé]fd Qfﬂ‘ﬁgte)@;lr@@r for providing a heat shrinkage
property to t he' f oamed | ayer 2 and controlling resin

VISCOSIty to inprove physical properties of the foanmed
for l.e, Sin 0 ties ch as
¢ Sl i oo Reloe ik T BB the RS A Flgras and
extrudability can be a hi gh-nol ecul ar-wei ght ester,
such as, e.g., ditridecyl adipate 20 (DTDA),
lelgi oﬁleca/;bamxdl ats-seiday)l vienghéwingct partial tmblgetﬁé@ of the heat
L . About 1% of the | asticizer 1s added in the
shrinkalerfoamed H\@et aceordiau Wenpresent invendon.f oamed sheet
3 (surface skin layer) is inportant since the surface
is served as a printing surface of a | abel. Wite
pigment is 25 added to control the color tone of the
surface to thereby keep the opacity of the sheet
surface. Cenerally, 5 to 10 %of titanium oxides are
added with respect to the non-foaned |ayer portion.
In addition, in order to increase strength of the
foamed sheet, an about 5 to 10% of ethyl ene-but adi ene
bl ock copol yner is added as a conpatibilizer. 30
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As shown in Fig. 2, the extruded cylindrical

two- | ayered sheet 21 is forcibly cooled by blow ng

cooPETALED RESCRIPTHONQFTHE RREFERRES EMBOBIMENTS

layer fromthe 19 annular air ring 22 disposed

adj acent to the extrusion die 20. An inner ring 26 is

pro I

vl TR Wit ppriEn R s e ctfed b ribefiridiis e Rfie jnvention will
be d2sciilsecbphey dfrexemiple andsict éinitatianr Tt shouldeeiunaerstood based on
ring 26. The coolin rate using air can be adjusted
this ﬁuﬁcgcwﬁfe 53t viagioals rotgere@@drf@a@lﬂnacan &epnade bydhpsein the art based

' t rfaces of the cylinder. The
Ontbé&?Ewgggg§Fgﬁ§Pﬁg@$%§heet 21 is transported in a

state in which the sheet is in contact wth the

mandrel 24 and cool ed. The cylindrical sheet 21 is

st r €he hedt shrinkeble cegie frdraee Sheetd] neadrting tohet eafoodiment can be
toward the mandrel 24 having a diameter |arger than 10

used Re fellosyfet di0or xame, dhe shieebh iiosmed inksr, 6@, atylindrical shape and

her SRRELEH 5 S50 ARRD R BB P B ot or

cup. OfThéﬂi‘ H’éa@"@bﬁ?hé& to Eﬂ@sﬁ’ééﬁ 26 §ivifihat sé’fhét*‘tﬁe%@@%%gsfecured to

4, 7S set to s a typlca1 ratio of a
the (:Gntas'iarlllmlaadimﬁaly aUBEred]J’a'SIamher cylindrical sheet 21 is
cool ed using the mandrel 24 to cool the tenperature

to the glass transition tenperature or bel ow. The

e SO P44 TR R8s Sl A IE (PP afber Bkl ths
embﬂi@nfﬁém h&da the- IEY@%? dtrucking havind h%ﬁ#ﬁeﬂqﬁg& 2 constituting a core

cylindrical shee is stretched in the 2
layer bagngfaamed asls Ecthieseintandap pbyifagmedrayen3 eonstitutieg a skin layer

inteqlaeiRinet PRANF OS0ES ekt ch e No T ReTRLyE! Beingrsaaler in
i R S e

co-ekbrasioansi on using the nip 25 roIIs the cylindrical
sheet 21 is cut into halves and each will be wound on
areel as a two-I ayered sheet consisting of a foaned

| aygr - f r.. Ihe obtaine eat .

s 1 FreniTect B rea RS YR Brapuhliin PRl R Teat shrigiabe
foanged f_;ﬁé‘é}_- il B émghegxcel lent in glossiness, hign in

grade and excellent 1n surface 30 snnothness t her eby

enabling a clear printing thereon. Fbrelnafter

t I | | pl d. 20 EXAMPLE 1

Conﬁae 1eshec))(v?s?%neesxt¥\fjder 1p ? ues)z(a |na’|chr.]eeproduct|on method. ~ This extruder

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
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 exempilified by asditridecyl adipate (DTDA), and a
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GPPS havi ng é"v\m ght average nol ecul ar wei ght of
280, 000 and a meltflow 5 value of about 3.5-4.0 (ASTM
wettingaagrit acting s 7 opreading agent afythardickeus:forming agantaiuch as

T e Y AL T

heat@é?"r‘it'o%ﬂﬁetﬁe aEé rsfrﬁé}ﬁ#‘rdﬁ[gehlégagg%ﬂenﬁ{ gbgﬁ )?'F'&)églﬁcfd'?dmxzde
actingedd #¢oa rAfrrgeagéﬁms RYpldEtdTetd melthicddbtaRl & polyatyrasé 98din melt in

ester ditridecyl adipate and pol ybutene each serving
whichdha niltogere adicagagdinxidrds solxedéal at pereitical stabe.t hTtae

poly Y eresliningtif S gha Ko sE ilia sifne i Bugadng At of the
first Qitrﬂég@r) 1€ St‘réhspo][ﬂéﬂgo thH §88I%d éﬁgﬁﬁbrgl?%a( r%%lt%%%ﬁrg@ P?rt of the rear

gressuri ze pressur

part Qﬁtﬁié fitdtesxtfuniey),i dridusdoled esth tmeratw@dppmi)riafé €0 t}’ﬂ@extrusmn
styrene resin nelt in the first extruder 11 and

The tehs@ﬁm fesimis iRtrgiabicoated o et tppepswiaateef @ nontfoamedylayer
trandpREted AthvahfE froms o B ¢ 1U%£T?ﬁwﬁﬁﬁ€§%9iﬁ>§h§'%eannular die
20 preRflddnst teustet r‘hdlc?f thaFiscOth R 19, 1 %h@ﬁ%i two-layered

appropriate to the extrusion. The coo e fésin
resinveneet irechafieg addatmeddayer-aexta nemn-doarmed {dyay ¢ extrndddinto a cylinder
die 20 20 provided at the front end of the extruder
shapgp. The extrusion tenperature was about 340 OF. On
the other hand, about 85 parts of crystal polystyrene
having a wei ght aver age nol ecul ar wei ght of about

ZOWr@@oM@brﬂem;ﬁéﬂmu\‘@cé ekpf 12589 Ltantltutn%é 2heet ofthe

parts of pol ypropyl ene, about 5 parts of
two-ksygrashehdalitcadsisting loif ok fazoped m’e,nst}arene tayeat2 dnd theenon-foamed

and f rthe,abot arts of titani um oxide or .
PO'V%BW“ﬁjPY?r"“nJg'StFHQ %55 Qllgnes- oAt thie sams e 92@“& PrgPaEation of the

foa n’feﬁtlﬁi l?ébrjegé\zer{) 2@ tie Fife ge@fdrep Ci? éa]rﬁlxtqrjéeof'%li&{?rene and

resi nperature

polydléﬁmf&rd @Lﬂ)oﬁt M Johef setppkrex ubodes % b gobydrbpylene, and about
annul ar die (co-extrusion two-layer annular di ey

15 Yppbafdisye aigenhkas thenmakerial 30 toe noReoame( M@lvﬁxw@dayer 3 (skin

ayerd s et e @r@ﬁltofr‘éﬁeﬁ%%%p&%%%rua"“f@ oThe o iy PR
transggbﬁ%aft%rﬂh%ﬁqdrﬂné o@qu@ tg.% frcgrgqa(nco R édb%ﬁﬁ extruder 12

roman or Ice O € annu rusi

of the\ﬁmsﬂ eytriderririuodse pbur@d toZ:hevﬂ)aﬂmetlfmIWmnadﬂiwr@O(cbﬁe layer) from
he upper | ayer of the non-foanmed poly rene sheet

the ffrﬁb%ttr weer Shcyrhedxpdedigpmthe afﬂﬁ‘ttl@r Gﬁﬁe? withttae tweelayers with
two &% Ers%feod}aped éo%%tl‘?é’rl i ndrical polystyrene sheet 21 from

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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5 the die 20, generation of foamed cells in the sheet
started. The sheet 21 was transferred toward the
polyaiefhireginmandrel 24. At this time, the inner and outer
surfaces of the cylindrical foaned sheet 21 were

cool ed with air at between the extrusion die 20 and

el SRR Eva e sRESGE g BES G, CAGLA P Rarbon

dlox@é a‘h@l' b éﬁ‘,”@r HbRRstatile g}é@@vﬁ@ﬁkﬁﬂh@@b@@! n%)}vetlhﬁ SRR in a

't nder 21 was stretched in the circuntference

stan@ardeatatleom‘ the gimogperehe dthesbamikggeenirio pezited in th&meolten resin in

bl owup ratio was set to 1.75. Furthernore, in order to
a sur;&,erﬁﬂti%lﬁ&i@émthgmr@ﬂﬁ{- the stretching in the

| ongi tudi nal direction, tension was applied with nip

rolls so that the heat shrinkage ratio becane 18 %in

t hel'@ﬁué!éué)fbrﬁ'hﬁ&%bbﬁ@cémﬁé %(.%Ehf%ra O@%nld f%faﬁ'ith?%ucleus |

to as "Machine DiteCtion (M as one o

formimepagertis) suchbds ecgnsoajuunnblcaﬂ:)wfates Iw:arc aidg, mkddride

| abel . Thereafter, the sheet was cut with a cutter 31
azodiREORBIATES, Ind W'?ﬁ'@ﬂrﬁé @8Pls 33 and 34. The target

t hi ckness of the co-extruded sheet was set to about

170 pm 25 pmand the target thickness of the

nonFeoaBRthd @%@’ft aamshes fhiteamaieealtoill doRmuténdar 20 at

the tine of the w nding Innedlately after the
low- r@mtecutarcmght phleyefjmleyﬁ waﬁneTbemtmg agent Isouﬁﬁal as a dispersing

amn sta th e orti nof
agens 36 dBDpisig Uisoaeciols EritRaS pee e Bt Hlrciesit e
therein is decreased in pressure fron1the
supercritical state to a normal 25 pressure and at the

sarknd plastitirer foheedvidihgi s heatodreithkayge ropénty és tieel fdarmad layer 2
the ajr ring 22 disposed adjacent to the extrusion

and cmr&rcﬂm@wmgiﬁf:@% t@ympﬁ@w pRYsige0 PyeRafFien el Hirkgameghsheet 1, for

crors s P GO R e P ERELA s e sheet 1,

extrRRb Eﬁ%esé h@ftﬁﬁd&&u@ér—ﬁv@@h%ﬁ% dRhtfee.q., ditridecyl ad adlpate

cl rcu erence rection thereof toward the han
(DTIZ&QS), WBsddemyl adipaites(DIDAQ] dnd tredty idirinelitate (BYTHPp! Kbogk 1% of the
tension with 30 the nip rolls was conpleted. In the
Dbsﬁﬁﬂwé%36¢e@ﬁbﬁﬁhﬁﬁﬁhe cylindrical polystyrene sheet
21, various 22 characteristics of the foamed sheet
21, such as, e.g., cell size, cell shape, and the

surfrrceudcat @j;uwméntltﬁ teetrricastkd ﬁmrad%sn ate sk layer) is
this enbodinent, an inner cooling rin

impoptantisihed the sudaee isiseread 23i8 Dﬁﬁtiﬂg éua‘acaaﬁa iartel covlhitegigment is

addeghip st e Erlggfona otfha Aiesbithg %V&Q%%%qw Shfhe sheet
surfatec?fee ((:%:ﬁgéqlg §4g! 1'0”%066{‘ fithrdfin dxdds dd With QBRI §Q the

cool er sur ace of
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
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cylindrical sheet 21, the annular air ring 22 was
provi ded adjacent to the output portion of the

annut ainsingr22i dsp@@ed; adjdeant totid exfragion dies26. upAh umierf g6 is
the air rin ai,nst. _the outer sur

provigegiat the |gpgréﬁur§%qﬁ eida of tae egtrggec;l, Ephin rp;@‘fsheet 21 so that the

oyt rBRE 2} Focp S o RO MR ehFfdmALE fbuThin 29 (e cooling

rate BighGafiecat be Eajﬁﬁé&by%énﬁbllhb%nabrfeséur@%f?a% éﬂﬂléd% tﬁbﬁnner and

preSsure agai nst the inner surface of the sheet

outet berfacereof dwotylinger.i ng 26 were set to the sanme as
those enployed in producing a conventional heat
shrinkabl e sheet for | abels. The polystyrene sheet 21

Cootﬁ’?%ﬁy&% F{glfr@ﬂc/:%fg@oc%e‘ﬂgiﬂﬁtn%ﬁgpé’#ﬂé&'irP' SERE i MnictRehe sheet is

a2 s ¢ Pahsi T ol
in coheamwm H{eem‘ahdFeE?'Z@rVénM Edvléd. wmc@ty:mmtametey P& is stretched in the
mandrel 24 and a water cooling type mandrel ring 23
Circudifeparzeddirdntivor theténd towadl Ete mandréle’4 baying a dlametber farger than

: .he mandr el and th f.th ndrel rin
the digineld GHesHEISNEIG £ RETaLS the (ETPRHHR PO SRS Rdcdrops
F .
beio&yth\é’a%s ﬁ%’ﬁ’g% ygﬁﬂw gﬁ& tb%\ﬂ?g{) ‘Fatrda,%ﬁﬁ’? §\?\%€6‘ngﬁg1e2&|ameter of
the dieWONd that béehe &%nc&éi 24 ds _ePtd 0/755 whiets peg typied| yatio of a heat
Wth respect to the above as disclosed in U'S. Patent
shrinkableslabet, 653, in cooling a co-extruded sheet in
whi ch onl y the non-foaned layer 3. is nultilayered, it
is known 25 to use a mandrel having a snoot hed
su r‘ﬁ‘?éﬁ{)hﬂgl%ﬁl"ﬁfeet HAgs BNk %ﬁwg(tﬂe%aﬁd}eﬁzii ?&EébiftHé té@perature
this e nent caused a breakage of the sheet, and

to tHehglasd tramsitibnwampeedturapp balow. atéhe Crdn:élngne&eﬂbrmed by both the
inventors found it possible to smothen the surface of

mangrd 29 ther Meadrely®ig B3 Providedpt thecweitrann side %ﬁt@etmand rel 24.

21 by a mandrel ring 23 having a polished
ni ckel / chrom um pl ating surface and then by a

CO”N@ﬁﬁd)\Qﬁ%ﬁ ng)oﬂ itRg exandeelc %{ﬁ‘f‘ﬂ:lr?c%l sﬂ'é@: Ir gstfdtched in the
inventors alsd found the fact that this is not

IongEuﬂmabdemtmtmb\plapplymgaterlsloghwgh dble nip roeitsi oy windihgdbe sheet 21.
0 ells formed i.n thflefoarre

h .
The EHE5I0 &t DELCONG Alled d Sar dBCa N ARG aC P e srudregt heat
Shriﬁd{éﬁefd?acﬂg%éaﬁﬁﬁénélﬂg Iél:;l:ff surface 23 snoot hness of the

nt1 ng “sur he non-foanmed | ayer 3 by
controlling the size of the foaned cells in the
foamed | ayer as small as possible. The present

i nvAfiieobeing ctieschire wdthenangisicioal dirrctioni kyiestensiont iring the nip

ro”sfl%epﬁfﬂ”ﬁga's%e;@i 5 2uf e iaes ancledh BlTpe welpars reel as 2
two- Wsﬁ@é (f‘dgﬁéfs%g dfa%/ﬁfan'ﬁ_’e@ﬁg@lﬁ %dn&ﬁl?@a"métﬁ‘?ayteﬁe

oane er ects t sur ace state o
non- f oaned Iayer 3.

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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Accordingly, the non-foaned | ayer 3 of the co-extruded
sheet 21 consisting of the non-foaned |ayer 3 and the
foaned | ayer 2 was brought into direct contact with
he mandrel ring 23 to performthe cooling, and
EXAM lcool ed by the mandrel 24 to inprove the surface
snoot hness of the non-foaned | ayer 3. Furthernore, the
sheet 21 was quickly and forcibly cooled by applying
co@pp@hmmg faﬁ@ébhh%vé‘#é@&'rﬁ@le&@la‘r 'Wéigl*\th&‘ 260,860 %fndté“ﬁmltﬂow
f oamed I'S in The foamed | ayer bécones as snal
vaiuq;)o”sah)dnute?; 51430 NASTM shaadptces2278- @'09cmmdiut10hé§)ex'm alinlacdnlxture of
les 2 e cooling conditions of the

sodu_g;gtbéqqg n@tie@cf)@trﬂq@cng FRAFeUSTOrMING agemHgvare added to
poly§tﬁ%ﬁg r@%lﬁl i% Phd Bﬁﬁ‘)n GaU P Q{(@LH%P?]S sggﬂgl]gtrfq@%&we was

cool'i ng con |ons of tThe™rn

contdinedey 1 eAGEebf ﬂ'ile Rsirignd mbedee] hfé@:e@onﬂ'ﬂte'r%i%r%fth'éhﬂelt

internal side of the foaned sheet 21 b t he man
high-naelgcudar-waighttdstercditridatyl adipdia amﬂmo@fouterm eartl'esmlng as a
20 21 t he mandr el

blendiag Eggﬁai}/&g@f& %ﬁﬂ;@f@g%@&t w&'hr?eau Wb prawided on the
extru#ﬁﬁj]el nc% %ttﬁ'@écﬂ%@h&h@@eﬁ? wafd c%’ﬁ?ééﬁ%@ b% £ sﬁft% otoggﬁgtresm

er alr ressure I NCrease

Thent bar@bitaigde @fs @9@99@/&@%?)&@@%@‘%% 3000 pERlEEressure

3 A fornmed sheet was obtai ned under the
contredian{natdigsteated hwes amﬁﬁm@qed sk gt p@fmatyrenaereﬂn greltainrthe first

o .

extrfBE T 2yl T PERE R EGuR T 7 o RBYided o By peion of the

extruslaggl was obtai ned under the sane conditions as in
Exanpl e 1 except that the inner air pressure was
increased by 6 %to cool the inner side of the foaned

sheet using air. 5 EXAMPLE 5 A fornmed sheet was
obfféned@@a@iﬁaéesmﬁeel&m Eadered foradhe ﬁm@ﬁmc@rﬂl to the

coonSFRLAET, bRt chapEoThE BEPRHLP R IBLEEERE Blpyson.

The G’Udled A5 FEXAYPES 8raf\sfrfdieeh §|&%9éxt¥t§%s$orpm@lél,@i‘ R die 20
he sane conditions as In Exanple
prowded at the front end of the extruder 12. The extrusmn temperature was about

340 °F

On the other hand, about 85 parts of crystal polystyrene having a
weight-average molecular weight of about 200,000 and a meltflow value of about 7,
about 5 parts of polypropylene, about 5 parts of styrene-butadiene block copolymer as
compatibilizet, and further about 5 parts of titanium oxides for controlling the color
tone of the foamed sheet were introduced into the second extruder 13.  The molten
resin melt adjusted to 400 °F in 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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except that the mandrel ring tenperature was decreased

by 20 %to cool the inner side of the foamed sheet
withwhemélbadnerdrtel theiupper EyeESM Rl fdamed Eglﬁ}sl‘:iﬂﬁ@r@é sh&s from the

obt ai ned under the sane conditions as in anpl e
secomdcafiruderat3.t he mandrel ring tenperature was increased

by 30 %to cool the inner side of the foaned sheet

with the mandrel ring. 20 EXAMPLE 8 A forned sheet was

obt 3 F 1.-00S: i
o ERRIAEALen MR fel e TnBca ERATRLE shept 21 rom
the die 20,tqeneeation befdanmnet cellsdﬂ thE shicbestaerued THeegHeatiRihyas

t he rrandr el. 25 EXAMPLE 9 A forned sheet was obtai ned
trangfiereel tomeard dhe cooling masdsel 24. | Mtikistiine, the isrercpnd phter surfaces

of trie /ARG Tonirediafiedt AL ete 2onfeBivaEt SRl heedt it Sarusion die 20
and $Re W@%Ehﬁ?el%gﬁr@)%sd??ﬁgféﬁﬁﬁ%%ﬁén ViRt d#Rh IemFIOH die 20.

under t sane condit the raw nma

Befdre ehe cappefdtuanofpolystiyeercodtaps do Qhe dofteaing @sint, the sheet cylinder
nmple 1 only except that 25 polyner for a foanmed

21 W@y%retﬁhed in H?%ﬂé@trr@@remp%dweﬁt@@ QOopnor«@erdaﬁams@rmkage property,.

The NG5 18 Mo 2P fl 1% Mg, i e Sha? LA berform

the é@et%hmgem t‘h@% %ﬁt@lnélﬁﬂré?:ﬁbﬁ%@is:o?ﬂﬁ%@% % /i nip rolls so that

cylindrical structure to extrude t
the Iseatwi'trmkegé ratio tlieearmet 8% dmthdi extrugion dtracﬂlon (reremafter may be
rocess of 5 Conparatiyve 1, the pol yst%/r ene

referrreg ita agniflashiosyPieprdionddin ™ a?gl@@l: Pe aRedtNggkshrinkable conditions

o 2 O e S S LB 21 B woun

on wigfiggtidfls S3remcps4t hose of Exanple 1, and the anounts
thereof were the sane as in Exanple 1. In addition,

nitrogen was used as the foam ng agent in the sane

bt tet BuPEHER.cE the cRextin LR 5 4 besaiopt 47 um + 25
pm dhe ti?é(Eérﬁ@?fhlclgﬂ%s?ffttﬁé‘%gfﬁoﬁ%ﬁ' IéYéV\ﬁfas &N about 13 um % 2 pm

stretc condi tions e Ccoo conditions we

atthd‘ltirr@a@f'ethas.vvmhmﬁ in Exanple 1. However the only
di fference between Conparative Exanple 1 and <M
Exanple 1 was as follows. Mdlten resin for the foaned

| aylenﬁm\@%?atiaf?/ta{ff)e%ﬁs(ex{rﬂsion of the polystyrene sheet 21, although foaming
starts in the upper layer portion of the polystyrene 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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advance into’ the di e portion provided at” the front end
of the cooling extruder of the 15 first extruder and
charaaberistiCsi ofttbesfoa:yiedrﬁh‘@et 2hapechniag, hd. g tchb sitieg celbsiiapd)eamd the
or the non-foaned |ayer was applied

a nolten Si
surfagg skpten il E d?et%rm'ﬂsee BECQrAIGAY (T ﬁlaﬁ.e@atpo men tfiﬂ @nep cooling

i S5 EIT5URBH B 5L IS8R 7B N8 by R 24t cool

the iMedrRirFdcenss ﬂhé)t%nélma‘? ygBet Pe b?&hétt@bwﬁg @qumecﬁd fbm the inner
t he extrusi on, since t he non-f oaned ayer was |spose

coolmg rmlgeZEnut féurtMIMCzre,elmOrcm to leffecivélpdookiile audeegurfadedf the
lingiie e 2b SEEVAT SangyT] Ras petiden saiecenhid the odtput
poriGEF 18 HEBsPEAORES 5k BBl A8 S0chTRIf13ne v 2

agairppih@elited SuRfacB of tiesisal 2 1r dtngh 3dita fgld\ﬁ‘) ﬁl*éﬂ/éﬁLC@IeQieterloratlon
the mandrel 24 to be cool ed. The non-foaned |ayer was

of the sobling effegt dye &0 rirftudmmleniefiowt siTte aurmr@aglretammst the outer

22 at, t 25 of th t
surfagp DBi1e SRStk PUUTGHT HAG S L HS Sharesshie atngh RednpaT surface
of thé %ﬁ?etasz?ttf?% |dﬁér‘€’6{p@g§|{m55|2‘6r\ﬂ§rre SHth gﬁf gérglg atstlﬁog%‘leﬁ{ployed in

surface o € non- ayer/foane

produeng mhtienalmédt@ﬁnkabl@m@t forla b@QVPARATI VE
EXAMPLE 2 30 As foaned sheet was obtai ned under the

same conditions as in Conparative Exanple 1 except
wed Noggty S EsTetha T s5aRE B ShhafLielBsies i B kgereot was
furth@f Fcfr@i'bﬁﬁ&oélé@% @&ﬁgﬁiﬁ tfar ﬁldrh@r]‘#ﬁé?’ﬁt ré%rfiﬁ’éw%h ger

di sposed at ut si e of t |ndr| cal eet

wateando!ifrgatypexmandrebfzﬂr anid a egeer evwlirg trypwaaamdaedr:ag 23 disposed
am ng agent. As to each foaned sheet of th

befor&ﬂé\ﬁféﬁ@ﬂ@reé Réd ERgisMperaiee ahtha manekalrit a% tistfifhegnandrel
ring i% & B fh fsoa"i'ﬂ@goﬁ&% Fns ng g%gn%ii&gé?@?é;chﬁgg&ce{wﬁer cooling.

|ng sur SSI néss
snnothness of t he non- foaned | ayer were eval uated.

Furt hernore, the di nensions of the foanmed cells forned
i n Fundefoane dhelcoplad stes Jiesssicedintdhelveamitica cutter 31, and
0ossi ness .and th rface, s ot hnes measur ed

wourlegE R P 161 SPatAdI ot el SPGB NS poct | valy. 10

I n measuring various dimensions of the foaned cells
formed in the foaned |ayer, a cross-section in the

exitls respedt tetid atiovehes elisaistdin UeS. ratest N® 6806,653, in codling
"Machine Direction ND) ) of the foaned sheet and a

a co-exyded sbeeloin which the aentfeamad layer 3 is multilayered, it is known
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
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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extrusion diTection (hereinafter referred to as
"Transver se rection (TD)") of the 15 foaned sheet

smootknhesPdsitievathtig) \gfaressfahninod-feharid lapemns by @opBifidgthe size of
anal yze the foaned cells. The di nmensions of the

the foarard Lelisiin thaafqrsaec thyen as heatirassposséde. ohhepresams inventors
consiEe gt et BRI Sn ol atpeloudb bt 2ebhebiited is s smal
as abgitﬂﬂ't]}‘?glhrﬁnﬁzhéj 5&?%%ele§tat@89tﬁé“ﬁ>aﬂ?&ﬁt§lbéo§ft$ﬁ gb?@%ﬁﬁlfﬁyrene layer

bane S péer unit area
2 dispesacs inder themarsfyared fyey 3adffedtmtee smdhosstatd 0f the non-foamed
devi ce. The measurenment nethod will be detailed as
layerfdl | ows. 1. Observation of Cross-section of Foaned
Pol ystyrene Sheet using Scanning Electron 25
M croscope and Cal cul ati on of Foaned Cell Size TO
Tr f - ' iSHN
11 BRI B /2 23 RO S8t consisng of
the rfonefoamdilianet Beyenthel foamed [FE2id sersvabught imed igrect contact with
El ectron M.croscope: Each cross-section in the TD and

the randigl BngESeioRferE Hie £prling, and thanopied bthe mansirelg4 to

P SRR S ERO bR AL TE A HARHHSE, e et

21 wageickiyoan@fortinty assiel Byaiphany ebsRePal Srdhn ke blisde o that the

manner that the entife cross-section was
size oif thei foaomes cdlisdr iihe Toamedilaves 2 Ratomeradbeat asdoskible.
the TD, the observation was perfornmed such that the
entire thickness of the sheet was displayed at 300 X

ThaR ERLBs 2 (b 5 O MR olutdf, SRBBROEE B cqoling
condithls dftBe eXtarhal siti8iof kne $sarféd sheetsPe ebingasir ﬁi%ﬁ'!étlfatél? after the

at 300 X magnification. This observation was

extrusipeefttbe foamed sheak $he Toolinspianditions &f thdrievksl sideas the foamed
urement of . Size of Foaped cell: K The ondar

sheeb 321 gh thr so0lEh E8ndlianS Phik MErmakeRe S ahsqontre Seet 21 by
the il 4392, SRBle QRARRBAARYLI e PABASBERF A oamed shees
21 bygeleahmthdesl 24, tweresghrangatl. sheet together with criteria

showi ng | ength and 10 area. Thereafter, the inmge was

read with a personal conputer and binarized to obtain

EXA ng nmed cell image with a clear boundary. Then, each
alr ter of the foaned call inmage was neasured with

MROf 1ALt MhsSEOthRHEUINISIREE SRR éﬁdéf?”tri]%ﬁéeéssirplﬁxample 1

i
4. 0" manufactured by Media Cybernetics,
except that the outer air pressure was increased by 34 % to cool the outside of the

foamed sheet using air.

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

foamed sheet using air.

EXAMPLE 4
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Concretely, 'éls; shown in Fig. 4, the length L and the

width Wof the foamed cell 15 in the sheét

cr dsforawst sheetivias oletavizdvenderdbei saaie agnditiens asigeExample 1

cel,l .l.ength and the |ongest wd f_the fqanmed cell
excepitias dhE e A pieSHre, VR drcredtah Ay RYesktneadl the nrer side of the

r I he non-foaned surface. The length L and '

foam;éﬁjeﬁlvéegtu#r&/é\@re optically nmeasured and the average

| ength and the average wi dth were obtained. The w dth

Wand the height H of the foaned cell in the TD were
EXAMREE hed as the | ongest width and 20 the hi ghest height

SR Pl oS e R S B
e R e by 20 e St asrs Bt S LS Ber gice of the

foamuirﬁh@etqtirgeéihs, t he binarized nunber of foaned cells
was counte and converted into the nunber of foaned

cells per unit area (m2). 25 As to the area of the
EXAF%@; d cell and the circunferential |ength of the

( d cel I_, the .area of each cell and the
Cl g oeéﬂéei"wésetﬁt&‘ahwéafur?@e‘%hch%@ahé“@écﬁdi H¢ BiExample 1
using the imge processing software and the average

exceplathatshe meamikl vieg ¢ewmipbedtursinian detteased iy 1mPheo cas! the inner
~ the neasurenent of the length of the cell. As to the :
side gfthe/Masned ahestavish the nilaf@%eiora?@d cel |, each
equi val ent di aneter was 30 obtained based on neasured
results by calculation (i.e., 4 x the surface area of
ExaMe 7f oamed cell / the circunferential |length of the
foamed cell). The average value was calculated from
t héA fortredd shaed veasdobthimedotraderdhe canfecantiiians deimgExarople 1
the entire foaned 28 cells using the calcul ation. As. )
exce%ﬁ\aﬁ the Blaéldr%e’l'ﬂg %ﬁ”é%e"éFU*’?r%asr'Bg'f?@ée@ IY|3§3 Jﬁeﬁo a4l ghe inner side
of thaGAmelsHEBP W BleNAdniik) i ng each area of the
measure oaned C€llS and cdhverting it into a unit
area per area (mR). 5 Each of the aforenentioned
val ue is an average of values at two observation
EXAMBLMEs in the cross-section of the foamed sheet. Wth

respect to the nmeasyrenent, in. the case pf a portion
| AT st alEc g dhe RS dttos el Fxingle 1
[ ) ;
e N Ay 0 B P fer sde of
the fohmedlsheet metht thenednd@lportion. Furthernore, with
respect to the image processing of the foaned cell

which was not entirely displayed within ends of the
exafibgl g of vision, the field of vision was

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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considered 1/2,of the size of the foaned cell. 2.
Measur ement of Surface Snpothness using Print Surf

polyPras dersa fgdrasa thyen waS@ransfersadin- ajvantb éo sha dmedar extrusion die and
sm)o hnes;@ f the surfac of, the non-foanmed | ayer

formegdintqiai ayiadsr Shaperwithindhedie bekare fbe wxtriusione 3brdben a

o S BRI r B Se5RE ERbEh B ey srucure o

extrade 8ie BV6-19f88 @fr@c@fre3ﬂﬂn ‘tﬁé ekﬁfusi@ﬁtcﬁé n Ir'i‘ﬁe?a\ﬂeg?grﬁa process of

PPS snoot hness and the maxi mum PPS snpot hness
Compeeativestramplofl, Sue palysty@russsireaisd plopybzheoresingor the foamed layer
E‘Zﬁ%s 1994%1' Ref | ect ance of the surface of the
and B DppARaMedd9r 3BV matarals) nugleysiormirg agert, dedybutene, and

nion SRR g8k VRl FRESIR G Aol LYP IBHS 195 EHhe amouns

ther@BMWERCEHE Sfhn®¥s T ERafpid 1! N$h %Haﬁﬁhs n@ﬁaogermgs ub@d 23 the
the MD and TD at an incident angle of and | i ght

foamiag @igenhin thegsmn@fnaﬂsm@r aammi Exéwa pleal earayeheyptagsuneeend the amount
ness of characters

there et sariteon HinSe R AT &r * DyCEREUOPbSRaEREUSIgD conditions,
the ﬁF%tEﬁfn@gcd%‘?ud?ﬁs %QH ?q%%w%&ﬂﬁgﬁgﬂ%ﬁé S #dse in

m Crosco 'ca

Exarﬂpi@l uat dowbyer hﬁe 6yl differegce fb"e@\ﬁeélﬁf@knp%@ih\l@lik@ﬂple 1 and
Print image wth a clear boundary. OO 29 Normal print

Examplegle wastas fallews ghMolteqirasindanthe foanted leyerasiiatroguced in
s RS E N SO  BAd ES S, Bhe e 0 rtguter of the
first ééﬁydbhﬁnﬂ?c’)r'ﬁ?ﬁg Hg@ grd;@ﬁ&!ért ﬁa‘ﬁfe \fvﬁﬁmocﬁle' di éjﬁdjthé'nhﬁ molten resin

hel ght e cell "area € avera

for the monAfbenetd lagér Wes@pblied bateatter ta{gmrmlrfacewflthalcﬁmdrlcal
di aneter, the average nunber of cells per unit area,
strugtiee (o ediruéefhe avigbiig igak shagt consisking of andippeaden-foamed

polvgh 3. B5SP gl ol ogdRg bEREReR By Bul e uslon e

Aﬂe@@@wsw @@meeﬁ@nwaah@@qay@? Wa%wbgsése@rbﬁ E}% Bitetsurface of

cl earness and the surface 0 ‘gl ossi ness af

the gytindtical coaextradecbshetvamdi hmefabmda)olmyrlﬁne Iayer was disposed on

the inner surface of the cylindrical sheet, the cooling was performed using air from the
inside and the outside. The inner surface of the sheet came into contact with the
mandrel ring 23 and the surface of the mandrel 24 to be cooled. The non-foamed
layer was cooled only by air from the outside through the annular air ring 22 at the exit
of the extruder. In brief, the extrusion and the cooling were performed in such a state
in which the inner surface and the outer surface of the non-foamed layer/foamed layer
sheet were opposite to those in Example 1.

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 differeht from Example 1 in that the
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evakg?ﬁw MFM%engV% t?lg@:mﬁeﬂeﬁog ogt #ﬂ%ﬂ thel% %rm'éﬁmif]hg@oamed

Iayeryw@r@}ne@strrem Chheéslirfadé gldssihedd @nd tHe swrfacadsmoothmess ere
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In measuring various dimensions of the foamed cells formed in the foamed

<

-

fayer, a cross-section in the extrusion direction (hereinafter referred to as “Machine
Direction (MD)™) of the foamed sheet and a cross-section perpendicular to the
extrusion direction (hereinafter referred to as “Transverse Direction (TD)") of the
foamed sheet were observed using a scanning electron microscope to analyze the

foamed cells. The dimensions of the foamed cells appeared in the cross-section of

 the resin (the number, the length, the width, the area, the circumferential length, the

aspect ratio, the equivalent diameter, and the density (the total area of the foamed
cells per unit area) of the foamed cells) were measured using an image analysis

device.
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 field 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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MMNMNNN "d" Mr
thICKDE@S\@(ﬂ t%ua /shetgq]was-d@p@y@dratﬁ@oh)( (nnagnlﬁcpatmn dn t@p I\ﬂﬁ); inthe same

mannepas :}{]1 \%yTg %s'%r%tﬁnd 6‘1? Pgs‘i—"ga@ %‘slﬁrfq{nqﬁ%]slicwr@t the entire

thlcliﬁesgoftlg% Phe@ﬂ\wéé‘ d(sﬁaMeH ¢ 3{/0@)| g%égﬂﬁééa\y@) N‘rﬁ% ob&er@%tion was

repaatedzmrteerﬂlrﬁla@ ('ﬁ)vIL@om@s Maré)o@séwm:!(o tOMOMT co NN
NU?/'\ Or Or OOttOOrrrOrtotomEr
@ Measurement: of Size gf Fp ameﬁh lto wowvv (DMtOJ U

D % ek e Birhs-sebfor A O 696 Brgebl Bene

foandd 6Redtbbtaine® by B scanfin dettron microscope at 300 X magnification

was correctly decaled on a transparent sheet together with criteria showing length and
area. Thereafter, the image was read with a personal computer and binarized to
obtain a foamed cell image with a clear boundary. Then, each parameter of the
foamed call image was measured with image processing software “image pro plus
version 4.0” manufactured by Media Cybernetics, Inc. '

Concretely, as shoWn in Fig. 4, the length L and the width W of the foamed cell
in the sheet cross-section in the MD were defined as the longest cell length and the
longest width of the foamed cell formed in a shape of a leaf extending almost in
parallel to the non-foamed surface. The length L and the width W were obticaily'
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 celt 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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1. E&cﬁ@f&ﬁe%@or‘é@néi&lonéaamuas‘larila@é}ag@oﬁ%ms@ 8@ observation
le 5 1.49 31.50 69.14 15 Exanple 6 1.27 OO

omtszmt e@mﬁesecaﬁarqfltbefoamed s0eeB3. 60 71. 98 Exanpl e 8
Q0 30, 40 Exanple.9.1. 34 4 72.02.20
SonltiEFesiiect Y 2 TapsGESERNG 47 tide Faseeqt & Hotiort i waishoipe
inter@g%t@%@ﬁ@@?éﬁ“ mﬁ?gh&frﬁglﬁ‘éﬁ% &ith Hﬂétt unesaﬂ'i‘e ?ﬁeasu rement was

usi on and cool

perforedoeding tive straighib diats \&ﬁ&andngfraﬁ'deht Jdeespad ab@/@men’uoned
conventional method, the surface glossiness of th

portigian- Fedhednorgy avith respaet toshedmage prasessing afethﬂfoamed cell which

was GCETE ARl ad 'wifgT ndlk o RPP Rel ot iarn iR B vision wes

cons@@?éd ?72 br‘ﬁ{b Elﬁébf@lﬁ ogé’é%ﬁe@ﬁeﬁb”par ative Exanples 1-2,

ystyrene sheet excellent in printing
nat ur e was obtained. 30 ~i In Exanples 1-9, even
after printing, the print clearness was excellent
2. Mgasurement 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 pressure 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-SDV, 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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glossiness afitergerintingeard alsalsbawnlis Aabla?or | ess and the
average length of the foaned cells of the foanmed | ayer
in the cross-section taken 10 along the direction
perpendi cular to the extrusion direction of the forned
| ayer is about 66.2 mor less, and/or (4) the
average height of the foaned cells forned in the
foaned |layer in the cross-section taken along the
extrusion direction of the fornmed | ayer is about 12.0
m 15 or |l ess and the average hei ght of the foaned
cells formed in the foaned | ayer in the cross-section
taken along the direction perpendicular to the
extrusion direction of the forned |ayer is about 11.6
mor |ess, and/or (5) the average area of the foaned
cells in the cross-section taken al ong the extrusion
20 direction of the forned | ayer is about 1,462.0
nm2/cell or less and the average area of the foaned
cells in the cross-section taken along the direction
per pendi cular to the extrusion direction of the
formed | ayer is about 549.1 nR/cell or less, and/or
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V't Exdniple 5 N 00 Mgy MU M O g 31.50 | 69.14
Example 6 1.27 © 32.74 68.66
Example 7 1.44 © 33.60 71.98
Example 8 1.30 © 30.70 69.40
Example 9 1,34 © 33.34 | 72.02
Com. Ex. 1 1.55 O 23.38 51.54
Com. Ex. 2 2.70 X 25.18 45.38

The above results revealed that in each of Examples 1-9 in which the extrusion
and cooling the polystyrene sheet was reversed with respect to a conventional method,
the surface glossiness of the non-foamed layer in the MD as well as in the TD exceeded
that of each of Comparative Examples 1-2. 1In each of Examples 1-9, the surface
smoothness was smaller than that of each of Comparative Examples 1-2, and a

polystyrené foamed sheet excellent in printing nature was obtained.

In Examples 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 um or less in maximum surface smoothness

measured in accordance with ISO8791-4,
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taken along the extrusion direction of the formed layer is about 167.0 um or less and
the average 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
66.2 um or less,

and/or

(4) the éverage 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 layer in the
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 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 549.1 um?/cell or less,

and/or

(6) the average circumferentiai length of the foamed celis in the cross-section taken
along the extrusion direction 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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an m%é\ﬂd}itﬂﬂn'\bd\lthe 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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Fromthe results shown in Table 3, the correlations
bet ween t he nmaxi mum surface snmoothness in the MD and
eaﬁnnmftheh@splas shewear i Fakiesotire icorr€lasiphs betWeenEtﬁia snaximum

wa w. 3 2r C O001l.5E E1 0.5 36
surface %n@p Ngss [gth@dv@garggegg&{,gf gf@qmr@gpegﬁqs are shown in Graphs 1-7.
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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 about 1.55 um 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 m in average equivalent
diameter of foamed cells formed in the foamed layer in a cross-section taken along a
direction perpendicular to the extrusion direction,

and/or
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results, it is confirned that there is a stron . .
formeg i B1 faAe B BeBht CHESSer G0 SO AN See ki Ty direction of the
di,nensi on of the foaned cell and between the
formgfl {&iess and each dinension of the foaned cel |
d except for certain dinensions. This neans that a heat
and/Qhri nkabl e foaned sheet excellent in surface nature

(11 B2 SR it Sl 89, BRI ENLrdd FEBAPB e cls
form%itl mfﬁeo 5@'}%@& \agggﬂhg gﬁ&{s%e%ﬁpé ?@%ﬁ@l&éﬁ gf}ju%)!tmsiod Hirection of the
o B A5 OB oIS R R0 SR of
ooy Aol 57 B RO B S SIRA 5on, Bl Dection
perpBRAILLGr 88 tHOBRAUSEN Mt iBRABFGAE FOMAed fpared sheets.

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 layer and the foamed layer is less than about 970.7 um?/cell in average
area of 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

(13) the foamed sheet is less than about 468.7 um in average circumferential length of

foamed celis formed in the foamed layer in a cross-section taken a!o.ng an extrusion
direction of the formed layer,

and/or A
(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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20 [Conditi ons] (8) the non-foaned |ayer is |ess than
about 1.55 n1|n maxi mum surface snoot hness neasured
non-foaraed sheetnared darhiahBe@nglthemand/ or  (9) the foamed
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o ekeneeg. EberEeaRplfERBaa B Rt TR bytyo lvers,

i.e. é“fbélﬂé&@éy@%r@%“nbﬁlfgﬁﬁﬂedqa?éFEME e&énfpﬂﬁ@@d H@We‘%er the present
formed in the foaned |ayer 1n a cross-section tak en

inveratiamiy reot lidiitesktto s, prapexdimple, dt shauld be wderstebdrihat the present
directio and/ or -47 (10Q) the foaned | yer is | ess
inveriia Catbalsb RSP 017 SN e ARTICG EhPSR NG dhfas: or more
bye;orned in the foamed layer in a cross-section taken
glong an extrusion direction of the forned |ayer,
and/or 5 (11) the foamed layer is |less than about
15.0 min average height of foaned cells forned in
t hdnftbarefdrdnegrétonen exampes; -tbecmetbndtfakemolhdgdﬂn@ extruded foamed
extrusi on dlrectloagof t he

shec MiasdaYHg @5 ARPOSS 50 CHEATVEBUHA TOe Ok | Ty bt dgeonventional
metH?)ed o8 mé Bear- R)%%(%ﬁélg Cl),lfnl'%rcg%gll‘l I'%X{:lt}els LRBIES 10 8 Fooling of

I a crosszsection I're

a fodiREdayer anbar cérWénﬁ@n@P(métlﬁchfd)rd:bbﬁﬁg lad’@aﬁfedtlh?eﬁ &bﬂ@%yer) is
| ayer, 10 and/or - (12% the foamed layer is less t

applighdotthe 5oling ofra/rmﬂ ormeddageragécapreingly, it mudar@d teat the

d | ayer cross-section t
coolip et 4be Forrs %veré%?maﬂf@% oG SPbteTPuE Sidnce
I
SmO%d@?F%%éf‘ﬁ%ﬁg%“S%d B AL i e ol Stack Bmoothness
of theays-fdamed tayess- secti on taken along a 15 direction
perpendi cular to the extrusion direction of the forned
| ayer, and/or (13) the foaned sheet is |ess than

Foaete iR R (B TE Rl P MR Bbidtted to -
requitt@ et &R ﬂ’éaﬁrﬁéﬁdbé‘tb\!é@ﬁ the eSAUSIHT @8 ar@l theCldoiRg®handrel.  In

the formed | ayer, 20 and
detall 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 fayer surface at
the boundary of the foamed layer/non-foamed layer, 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 bfinging the surface of the non-formed layer into direct contact
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numbenef dlustative enaadistents Rebiiesdribadderaihegith &e ehtiersﬁ:amchng that

the PESHLEISRSHIS (B4R SPRHCTRA SaPrONBIN R DRIRELST Ehe gyinciples of

the lrﬁ‘r'éﬂ ibRSAd %'@{agi@eé Q;Fe};rg t{: h‘]?or i ﬁ"m It tﬂetlﬁ\f‘en?@?l"t% preferred

exp anat 1-on e l"ayer
embodiBentsaidseated Hepdifraraiigr Hﬂu@@@teﬁ%f@m | ayer, was

exenplified. However, the present 5 invention is not

limted to this. For exanple, it should be understood

o fihite B raiR e crhB s b KA s Han e B beshrescribed herein,
the pl'@éﬁf ﬁwebﬁoh héend gh@:@?%'tﬁg%iigﬁé‘ﬁéft%ﬁ‘edté}ﬁb%%@s Hekcribed

Coo e EX oane was revised

heren@pb@tsmdlutjes @nvcamdeait emadimettedrvinthequivdlenigelements,
conventional. method for cooling a non-foaned Iayer

mOdlf(l@aIICﬂEc@l’TEs&IQﬂSL agmbjnationadpld.eof aspeciseaccoss vatipustemiodiments),

adapte AR Ry er 14T pEs Raywd P SPapciiated htoss T gF rpased on
the pﬁsaetﬁt tﬁ%ngngo%m ﬁ%@g@itgt 66? ™ ﬁie"@%%nnse %:‘e ﬂg;%cf ﬁftgf&@fe%ﬂbroadly
basedtohdhe déghgluamesemployediimphe ckims ant ant liditeshimoeteregies described

the foanmed | ayer, which in turn results in excellent
in th%gwassetesg%fcs@aﬂ%ls@r diing Hee Hm&er:lémneaf fh@y@wp licgHop pwhich

exam Bl AERPT Bt B By lOBal T oRCh PRERRIEATT s pisssnt

dtscldst]ﬁe Ethéftéﬁho'i)ré?l“e%wdlstrlbﬁ SaNkdida N ATHRs- "p?éfera?&y but not
detail, the cylindrical sheet extruded fromth

limitedrbod] aln thie disclashiee ard rdwdieg ths m'oﬁmlbedaﬁtmsta@hcatlon

mearel i e Tator srepr g usdion FaEdanw it B TRKE where for
a spe%ﬁf& @élff?l)ﬁﬁt%ﬁbﬁ %ﬂdof'tﬂetfﬁﬁow‘ﬁg%oﬂdﬁl Iar@ dr8§éx1t(?ﬂ that limitation:

e fo

a) "means fot"he 'fsc@pT&d" ¢ebiprassly fr@ctlfmk,‘i b)@tcc)rl“éspoﬁdmg fewlceion is
shape but into a fl attened shape extended both in the

exprasslyoenited;eand a) staictyeg,iroatesiabion acts shathaippengihal sinugiure are not
recitedgjogi &bon i&d] %%\Q/r%taﬁ‘gs Hl?rlirlag {hne [S’)rozs%cutﬁg:ncgf'E EHisn %Eﬁcaititoni, 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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smal | dinmensions resulted in small surface roughness
of the foaned [ayer surface at the boundary of the
the ﬁebm‘fn’aﬂod_:jw@ﬂbodlmérctanad beayet, to\@@s@’fbé@ﬂf agpmsfefat:}’r% process or
i npact on the non-foaned | ayer as a surface s
stepy awrcomlmamrbmere@@aad@rtaw mrtlﬂadéemﬁf,oeﬂ@ne§s same examples,

e AbREHAE ey BB AERR R eb s USRS auring

1 [ rf t

the PSSO 00 A RGBS B By RIS PR e poorec

“e.glivagichasearsitfor xdraplet Dand ENBOKiHEEN edameraveniet).”of
the surface snoothness and gl ossiness of the surface
of the non-foanmed | ayer. Wile the present invention
may be enbodied in many different fornms, a 5 nunber of
illustrative enbodi nents are described herein with the
understanding that the present disclosure is to be
consi dered as providing exanples of the principles of
the invention and such exanples are not intended to
limt the invention to preferred enbodinents
descri bed herein and/or illustrated herein. 10 Wile
illustrative enbodi ments of the invention have been
descri bed herein, the present invention is not
limted to the various preferred enbodi nents descri bed
herein, but includes any and all enbodi ments havi ng
equi val ent el enents,- nodi fications, om ssions,
conbi nations (e.g., of aspects across various
enbodi nents), adaptations and/or alterations as woul d
be appreciated by those in the art based on 15 the
present disclosure. The limtations in the clains are
to be interpreted broadly based on the | anguage
enployed in the clains and not limted to exanples
described in the present specification or during the
prosecution of the application, which exanples are to
be construed as non-excl usive. For exanple, in the
present disclosure, the term"preferably" is
non- excl usi ve and neans "preferably, but not 20

l[imted to." In this disclosure and during the
prosecution of .this appli.cation, neans-plus-function
or step-plus-function [imtations will only be

enpl oyed where for a specific claimlimtation all of
the follow ng conditions are present in that
l[imtation: a) "means for" or "step for" is expressly
recited; b) a corresponding function is expressly
recited; and c) structure, material or acts that
support that structure are not
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25 recited. I'n;this disclosure and during the
prosecution of this application, the t er m nol ogy
"present invention" ' n" may be used as a
reference to one or nnreqiggéég W thin the present
di scl osure. The | anguage present invention or

i nvention should not be inproperly interpreted as an

et LBt ARl E A SR Y, BRI 1 P et
theae@%@@%@fa%eﬁ&émﬁgnna;ﬁo&ea%' dofie under stood ¢hat
e fARaL L 309 ADRHLRS shEaIRKARSIAMIESPRERR on the

form% hérs di scl osure and during the prosecutl on of this
Qp catlon -50 the term nol ogy "enbodi nent" can be

“Wﬁer‘e% f’r?éﬁér‘x *?Sa@EM Ié\fq?qﬂes ftﬁéﬁ 1 abBut R85 EMSnthaximum surface

p, any conbin or any ‘por
smoéﬁFﬂegé’FneaghFed !rﬂ &%?f&ar?cé%ﬁhﬁoamm ous embodi ment s
I'ncl ude over apping features. In this disclosure
and during the prosecution of this case, the
follomﬁng abbrevi ated term nol ogy may be enployed: 5
‘e. . "Théheht sRafiGbld AirmRXpsibe as ratited NEClahils ivhEeainsthe
"note well." 0? -51 CLAIMS 1. A heat shrinkable
maxine@nediriitesimosthnBsd Bidiput 149 panedidsayer constituting
a core layer; and a non-foaned | ayer constituting a
surface skin layer integrally formed on the forned
Iayer wherein the non-foanmed |ayer is | ess than about
1. 5% A iheatrskiinkabls fdree sheelp cohpeisiigreasur ed i n
accordance with |S08791-4. 2. The heat shrinkabl e
f orarfabreed dayessonstitivtiad a eorellayan apdwher ei n t he
maxi mum surface snoot hness i s about 1.49 mor |ess.
A heaondhameddayer ¢Q§§hﬁwr@@éurfa@e>ﬁlpmlay&rgntegaalisb’éamd on the
| ayer constituting a core |layer; and a non-foaned
formeghlayerconstituting a surface skin |ayer |ntegrally
fornmed on the HHMMIa wherein the foaned | a
i s whein fhfeaseed layer is E‘%‘W H"Qﬂ/@? fbammam @M@rage equwaient
di aneter of f I1s f n the foaned

diamgter ekagrd ;%Erl%gp@ ngdtlg,ehgaaép,ed Iayer IN'a Cross- sechgmaken along an
extrusion direction of the formed layer and less than about 20.0 pm in average

equivalent diameter of foamed cells formed in the foamed layer in a cross-section

taken along a direction perpendicular to the extrusion direction.

4. The heat shrinkable as recited in claim 3, wherein the average equivalent
diameter of the foamed cell in thé cross-section taken along the extrusion direction of
the formed layer is about 18.8 um or less and the average 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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extrusi on direction of the forned | ayer “and | ess than
about 20.0 min average equivalent dianeter of foaned

cel LLs rned ip.t foamed | ayer in_a cross-section .

t ak%n %ﬁ@[@aé SBHP@?'@ 88 rB@F?F@HU?'éWF gr WhereiRdhe,averrgegquivalent
. direction, 4. The heat shrinkable as recited in claim
diaraetel, Ak e Foarived Solkiuihe @qss-oartian takenalend e exiyugon direction of

e ERPRRE S8 b 019,155 RS oAleh e Sahubls cimrger o e
oM PR R RO T L SRk EpBi el 15 e
oo B0 O M e ot on 9 et

recited in claim3, wherein the average equival ent
dianeter of the foamed cell in the cross-section taken

2bofi 1€ 14t SHTEbIE SEEEGHRI A, 0d€ of BRUER 2’ whérein the
e Ao b A 9SS Bout 1.5 .

extrusion direction is about 18.4 mor less. 6. The

heat shrinkable as recited in any one of clains 3 to

5, phergs Rehh shrifpldTHE YSUidARS Bf‘@iéﬁn@ﬁ}b'ﬁ wherein the
5'm . The

non-foaned [ayer 1s |less than about 1.5
maxitRain sirfddekaRbsthagss EtHeRon-foR¥d MRred abbal IB93:hDr less.
5, wherein the maxi mrum surface snoot’hness of the
non-foaned layer is about 1.49 mor less. 8. A heat
shri nkabl e foaned sheet, conprising: a foanmed | ayer
congt i Autsatghenkatiie foayed ;shasd canieividganed | ayer
constituting a surface skin layer integrally fornmed on
t hea fbamee deyeayoenstitntiaged corelaydmamed | ayer is | ess
than 231.5 min average |length of a foaned cell of
t hea fnoarfed meaylayen constitutingsa sedaceskindkyer iategrgiaformed on the
extrusion direction of the fornmed layer. 9. The heat
formettt lay@mbl e f oanmed sheet as recited in claim8, wherein
the average |length of the foanmed cell of the foaned
| aywherain theefeanaed layet is less thaned3lab onig in slieragilengthaf a foamed
direction of the forned |ayer is about 199.3 mor
cell peHe foamedrivyenilad CEISSTSecEDN 4alieshalond Seextrugion dirpetien of the
in claim8, wherein the average |ength of the foaned
formed Iayg the foanmed | ayer in the cross-section taken
along the extrusion direction of the forned |ayer is
about 167.0 pmor |ess and the average

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 nm 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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l ength of the foaned cell of the foamed fayer in the
cross-section t aken al ong the -53 directidn

airecp G B Sl oy bR UM DS GH RSl F B, By Ve <385 66.2

. m(aﬂé'nkable as recited in any one of clainms 8 to 10,

H ein the maxi mum surface snoot hness of the
non-foaned | ayer is |ess than about 1.55 m 12. The
heat shrinkable as recited in any one of clains 8 to ‘
10,5 4wh j i » f .
norkir o P TREDESE: UG5 AT R i 8 A0, herein the
: | , 1 VA IKST I 7o MUY= PO {

maxi i B SR e e AR By 8B for Y60 1.5 .
constituting a surface skin layer integrally fornmed on
the fornmed |ayer, wherein the average hei ght of the

fogred 194 IHéatfs‘P{r@gﬁblignaé Fé%itfa&?ﬁrtgﬁn 'of?\léﬁdf ddlélrr% 8 to 10, wherein the

Cross-section ta Iong an extrusi o rection

maxibftén lsQFaBs _sl'rﬁitb‘ﬁlg?és% dfetfmg jrgﬂe\?%ggﬁ?jgbyellé- agaﬁ thﬁ? or less.

average heig t he or me
foamed layer in a cross-section taken along a
direction perpendicular to the extrusion direction of

t het 3. f oy Fest stairidablesfdafss] S, @@mpﬁsiﬂq :2 m 14. The
heat shri nkabl e foanmed sheet as recited in claim13,

whey amddiayereenstgetimg aglire ¢dyerhend oaned cel I's forned

in the foamed | ayer in the cross-section taken along

t héa eort-foened lajareonstitutiof a serfdoer skl [dyvay éntegsallgfontned on the

13.5 mor less and the average height of the foaned
formeélldyerf orned in the foaned |ayer in the cross-section

taken along the direction perpendicular to the

extwheseitnthei averagaoheight ohthefformed delly évrmed indbsdoamed4ayer in a

mor less. 15. The heat shrinkabl e foaned sheet as
cross-geqtioddakan glengen sxtripiendlirectiae of nefergechi@yghis less than about

the foamed cells fornmed in the foanmed | ayer in_the ]
15.0 gy g8ddbgtavsrage Baight ehfhenfoamssycalisdoaned i thmfoamed layer in a

direction of the forned | ayer js abou%@lz.o m or, | ess

crossspREtioRdakgn aliika _iﬁjé"ie@ﬂ@n OFR inUJﬁ{nté’ot PtelsiQs} disaction of the
formeg]Faist To e 5 ForPbL LA KBt e oxt r usi on i recti on of
t he forned ,layer is about 11.6 mor |ess.

14. 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
takeh along the extrusion direction of the formed {ayer 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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16. The heat- shrl nkabl e as recited in any pne of
clains 13 to 15 wherein the maxi num surface
snoot hness of the non-foaned |ayer is | ess than about
taken ak@igthe ejeckrusvmedlﬁ@cattons@frtha lf@rtsn@d kayer isaahosd 124D myordass and the
of claims 13 to 15, wherein the maxi mum surface
average belahe Hf the f@meﬂ &als bumad inderfopmegiauer in. tm@ qifowsectlon
| ess. 18. A heat shrlnkable f oamed  sheet
takeR alonehihe qhgg;@zpndngg@nmg@ Ahip qu@ftgjqug,gyrect@mgp the formed layer is
. non-foaned | ayer constituting a surface skin layer
aboytrkla@ a1 1855 mred on the forned |ayer, wherein the
foamed |l ayer is |less than about 2,511.6 nR/cell in
average area of foanmed cells fornmed in the foaned

'd?¥ e 5°ﬁgifﬁ@ﬁh§ﬁ”{@%§’f@ﬁ%ﬁh\?% s S5 \gherem the
oA APER SRS 05 o PR B3R Bt 155

cross-section taken along a direction perpendicul ar
to the extrusion direction of the fornmed layer. (m|l

\kﬁ 5 r7£herlﬁ‘iﬁ‘éat3§?{rinr&58f%l 85 |ae% tE8 G 5ﬁ§ o 'c"l’eiiﬁsllgj to 15 wherein the

e Aver age-area of - the oane
[ [ f
o AT AR RSP B ) o
the average area of the foamed cells in the
cross-section taken along the direction perpendicul ar

to ide %teét@hmacmé ﬁﬁém@@ sﬁéett *&@mp*r@mged layer is
about 759.5 n?/cel | ess. . The héat shri nkabl e

as i esirhed |ay@r@bﬁsmjﬂaﬁg a/m'eqaveﬁ laﬁdaver age area of
-55 the foaned cells in the cross-section taken al ong

t heg exhfosined |dyareminstitutivig & karfhos BEid [ay@yietedraliyafriied on the
1,462.0 n2/cell or less and the average area of the

formiegdapst, cel s in the cross-section taken along the
direction perpendicular to the extrusion direction of
't hewhérmimthe faaneed layealmigss S4on abo@ 2,501 .opmaed.in 2verage area
The heat shrinkable as recited in any one of clains 18

of foamezDceliaferraed in the fommediaesin 3 amsmtmmm@w aiﬂng ra@ extrusion
non-foanmed |layer is | ess than about 1.55 m 5 )

direatiem ofsheifakasd éves anddhedaameaddayerdséessthan ébﬁtlt 3@0 t7cum /cellin
20, wherein the maxi mnum surface snpot hness of the -

averpge aresadii®amgageselis omprd in wejgamegrlay%rslg a crosergection taken along

heat shrinkabl e foaned sheet
a direction perpendicular to the extrusion dlrectrgpn 01'S 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 pm?/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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a foaned | ayér"; constituting a core | ayer';‘ ';and a
non-foaned | ayer constituting a surface skin |ayer

. whereln,t hgf the formed

the 48R L e Sl S St T
over, BN £ Bl S oS! oS BIESuEBEE S8l of B EORHES cels i the
crossgéercﬁg)b: tggcfﬁ ifa}ﬁr&etg{eor#i%c?io{g%e?é@rﬁéﬂlg;g@ gf?egg)tétrﬁ%h rHTr%k(’:hSn of the
form LR BB 0.0 R B BB Pon ¢ aken "l ong ¢ he

extrusion direction of the forned | ayer is about 405.4
mor | ess. 25. The heat shrinkable as recited in claim
2354Wh [ ; | [ -
fodked 1o Tt S rKEBIESS, reChi Ak G kel BEIB3oR, Yfferein the
; rd4% L ' it

e B4R SOk Dy SIS e B SRR 0 BBt 1.55 .
circunferential length of the foanmed cells of the
foaned |l ayer in the cross-section taken along the

di poct MR REetRARAKSHIERS retddm &4 S bPBlafhs €8tb @D, Yherein the
the -56 fornmed | ayer is about 138.0 pmor |ess. 26.

maxiign Baghcs birookiatise ofthe eohtfedriad lapyr Brout 194@?@0123355.
to 25, wherein the maxi mum surface snoot hness of the

non-foaned | ayer is |ess than about 1.55 pm 27. The

heat shrinkable as recited in any one of clains 23 to

25 23nwhéy keat dhrmkable fvamesiustaet ecanpasingess of the

non-foaned | ayer is about 1.49 pmor less. 28. A heat

s hiai fiokatddelayenomthtistting a cooenayes] and a f oaned | ayer

constituting a core layer; and a non-foaned | ayer

comshon-taamed dayencoasigusngm sufane skin &Eyealintegfadlyfermed on the

the fornmed |ayer, wherein the foaned | ayer exceeds
forma®&aver195. 5 cel I s/ m®? i n average number of foaned

cells fornmed in the foaned | ayer per unit area in a

cr d¥ereiaciedRamadsriiest énlgss dienerpouisFeth/ i di VRISt
. the forped |l ayer. 29, The at_shrinkable as recited
CWCUFEE@HH?EFQ@QF“ éﬁ@?aé?‘%fi F%‘g Jv@ﬁi&é”ﬁ@ ¥er NGt Case-sepkpR aken
cells fornme in,tgﬁkoa%nedl er per unit area in the
along. pg extruision FreqtioRel the "eraed FYSExt r usi on direction of

the formed | ayer is about 272.5 cells/m®2 or nore.

24. 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 layer is about 405.4 um 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 layer is about 342.1 pm 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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30. The heat shrinkable as recited in claim 28,

wherein the average nunber of the foaned cells forned
' in the.foaned er_per _unit area in the cross-section
formgtgl@/@r '%P@ﬂﬁt lﬁﬁéquﬂs!?%c’n direction of the forned

| ayer is about 349.5 cells/m®2 or nore and exceeds

the average nunber of the foaned cells forned in the

|98 R A By A 0B BRI 3B 5 e e
a5 M e Y gk 948 o oy 55 om.

one of clainms 28 to 30, wherein the 57 nmaxi mum

surface snoot hness of the non-foaned |ayer is |ess

th t : j b ' .

97,80l o s PRl Pz Dhe B RS 29 08 Uit tre
e U SRS RBSs  ShR R Bt 290 o s,

conprising: a foanmed | ayer constituting a core |ayer;
and a non-foaned | ayer constituting a surface skin

| ayer iNhest HrinkabRf fRfhsHd®, copAGAgt ayer, wherein
the foaned | ayer is about 167.0 mor |éss in average

| engfoanedd layboasmslitamhd § cofe Idyerf @agred | ayer in a
cross-section taken along an extrusion direction of
t hey figm-fstméedy®rer cahstitutidd 2 durfacer skiessyer mtegealddermed on the
circunferential length of foaned cells of the foaned
formedy®peri n the cross-section taken al ong the extrusion
direction of the fornmed |layer, and about 349.5
celvtsreimether foameel leperasacade aboub85 & cellsiamédn eettage number
formed in the foaned | ayer per unit area in the

of foamed celie tarimmd ndkedoaned dayer per ewitrared omadiressesdctiondéiken along

the formed |ayer. 34. The heat shrinkable as recited
an extugordiregdon ahthefarmaddayeixi num surface snoot hness

of the non-foaned layer is |ess than about 1.55 m C)

35. The heat shrinkable as recited in claim 33,

wherei n_the nmaxi nrum surface srmothrhess of th

norSk oJrP@dhfl‘-aéﬁ\Ir inkgblgasyected i piadp 4% yhergin t%ﬁ Fuespge number
o g SR PR P SO Bt b R Shcton ke
lon S 2585 CEBE: i L AR PR e

66.2 mor less in average |length of foaned

30. The heat ghrinkable as recited in claim 28, wherein the 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 is about 349.5 cells/mm? or more and
exceeds the average number of the foamed célls formed in the foamed layer per unit
area in the cross-section taken along the &irection 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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-58 cells of the foamed layer in a cross- section taken
along a di rection perpendlcular to an extrusion

et S s St BoRRL e B Toaden e o lsradhebbBub .55 wm.

the foanmed | ayer in the cross- sectlon taken along the
di rection perpendicular to the extrusion direction of

ey LR S o 9805 R0 ARt Wi the
e L M R T

direction of the fornmed | ayer. 37. The heat shrinkable
as recited in claim 36, wherein the maxi num surface

nvgjhn@;ea%ﬂﬁﬁ@am% rﬁéﬁﬁﬁt%ta%@ﬁwdr%lr{ ss than about

heat shri nka as'récrted in claim

36, a YhHhed ﬂ‘aﬁéﬂ%oﬁ%uwg‘uaséﬁr%qg\?er, $fAgot hness of the

non-foaned layer 1s ab mor |ess. 39. A heat

shra AkaFbanfcaarpet @dmatuturrgoar@mfﬁt@QMn |§yérqgf§ﬁa:'i\,av&hqed on the

constituting a core |ayer; a non-f oane
ﬁwnﬁﬁﬂa?eﬁutlng a surface skin Iayer |ntegrally forned on
the forned | ayer, wherein the average equival ent

di awherdin tfie fdwnédyed icabduti T6AMant of 88 Sn %eéitag@rlength of
taken al ong the extrusion direction of the forned

foameayeellsi of thkdoamed. ldyen inar clossseaith tdkenalengign extrusion direction
equi val ent di aneter of the foanmed cell in the
of therfosmeddaydrpaboutaidhl alno g Iedsdn diversge drcupsepentidl tengih of
to the extrusion direction is about 18.4 mor |ess,
foanwiseealisrofithe fasmeddayerandha cossstestibndaken ateing the exirusion
foanmed |l ayer in the cross-section tagen al ong t he
dire@wmrqfihaﬁomﬁrétawera@ndfahoué 3B«onealls/rage rorurnor@ba @vensJe umber of
or |less and the average |length of the foaned cel
foamﬂd eqlls fopape i thy Wamed leler pet ik asstin e arasesediosngken along
the direction 8{” pend| cuI ar to the extrusion direction ~
the @fmﬁ*@“ dirgetiRayof HigstormeddBYeit 66.2 mor 1ess, 59
wherein the average height of the foaned ceIIs fornmed
|n the foamed layer in the cross-section taken al ong

XT‘HL h %s%l rﬁﬁab it r%@é@\grb&%r "gﬁt ?Eliriﬂi(;ﬁ? g%}?}fétalum surface
Sm°§§wgﬁs of B fondosmea iEE sl Brmebarb i B5ihe ~o' "

extrusion directi on of

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, 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 layer is about 66.2 pm or less in average length of foamed
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the formed |ayer is about 11.6 m or Iess','“y\her"ei n the
average area of the foaned cells in the cross-section
t aken_al on the extrusion direction of the forned .
cells f }iF Fqama iaer 1 4650%-30108 tpkeh alonge? dikectigreberpendicular to an
e.are

o RGBS B PRl ORE BRI P B e e

cro BT ST el L ESL e PR S8 wven
along F8 HeBlior} BRmeRET o6 %, R dsth (AT ot BHouhgiieVer and
oxcobJE oL bOURE Y 3 R0 g e
oarPAATEE Y B SLORERA S PRHEIRE B0 e
to thEBARLIPELANR of GreAoPlibc 130 m O 155, and wherei

the average n e foaned cells fornmed in the

foanmed |layer per unit area in the cross-section taken

al ong the extrusion direction of the forned Iayer is '
aboyt 3 ReftahbipkapB e irPdint B6, ANeFEEShE WER@hum surface
of the foane% cel f<s for mﬁ@éc{fﬂ tﬁe Pohmag e\?ayer per

smodthinksfbeehd AodiCarREaISycr8s IdsarthhflkeBupl IWumhe
direction perpendicular to the extrusion direction of

the formed | ayer exceeds about 647.9 cells/mR2. 40.
The heat shrinkable as recited in claim39, wherein

t he38raxi muneswhiakeblesimoetied sclafm BBewhereif dhdrethximum surface
| ayer is less than about 1.55 m 41. The heat

smoatinesk ebtle asnffeaieddayar isbbout BA9 wheordess.t he maxi mum
surface snoothness of the non-foaned | ayer is about
1.49 mor less. -60 42. The heat shrinkable sheet as
recited claim1l or 2, wherein the foaned |layer is
f or3ted Adheakshrinkable toamed sheefprcampasiegt r usi on  two
| ayer annul ar extrusion die of one of extruders, the
el @ faagnedlayen §oastiubng @score daydrngndgent and at | east
one of polybutene, ditridecyl adipate, diisodec
adi Paee;foamgd [@yargengtitutindgme puifacs %‘BII%Yﬁﬂéﬂtei%a’E/ formed on the
pol ystyrene resin acting as a mai n conponent and

formegdleYRss cont ai ni ng at |east one of nitrogen, carbon

st avecreim itadas <ChBalnT FSaridl o 18 r5TasH selkda thy

cros SSHEHS e AR P RIF e b T el B apout 171 um
or Ietsg Snd %ﬁ{ia Iglverage equivalent diameter of the foamed cell in the cross-section
taken along the direction perpendicular to the extrusion direction is about 18.4 pm or
less,

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

formed layer is about 66.2 um or less,
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bei ng obt ai ried ;by bl endi ng pol yol efin, and a
conpati bilizer of polystyrene and polyolefin with

O Bt S Saq Dol O BaR Berrhad ap1s Bortusat eherfoemed laver in

the cﬁﬁ%%ﬂibﬂﬁgggn o e SRRk b SSRR S T mARdaET s SBout 12.0
R L SR R A p—
the L SUARHARRASSocBNE ARy Bl LB B clBLE Hrecton o
the f@i@%@ﬁeﬁig%@tﬁgﬁwmﬁ |é5t§(? contai ner main body in a

wherein 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 um?/cell or less and the
average area of the foamed celis in the cross-section taken along the direction
perpendicular to the extrusion direction of the formed layer is about 549.0 pm?/cell or
less,

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 layer 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 formed layer is about 138.0 pm or less, and

wherein the 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 is about 349.5 cells/mm? or more and 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 exceeds 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 pm.

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

smoothness of the non-foamed layer is about 1.49 pm or less.
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42, The heat shrinkable sheet as recited claim 1 or 2,

wherein 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 polybutene, ditridecyl adipate, diisodecyl adipate,
and trioctyi trimellitate blended to a polystyrene resin acting as a main component and
further containing at least one of nitroger\i, 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
polyolefin with polystyrene as a main component, 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 confainer, 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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