SPECIFICATION RESIN COMPOSITION AND HEAT-SHRINKABLE FILM THEREOF TECHNICAL
FIELD [0001]The present invention relates to a resin composition and a heat-shrinkable film using
same. BACKGROUND ART [0002]Block copolymers consisting of vinyl aromatic hydrocarbons and
conjugated dienes are commonly used as raw materials in heat-shrinkable films for shrink packaging.
The physical properties required of shrink films are, fer-example, spontaneous shrinkage resistance
which reduces the phenomenon of the films spontaneously shrinking when the films are stored in an
ambient temperature environment that is not temperature-controlled. Patent Documents 1-3 describe
that excellent spontaneous shrinkage resistance can be achieved by using block copolymers
consisting of vinyl aromatic hydrocarbons and é&%ﬁg&%&?@hes, wherein the copolymers have
specific polymer structures. [0003]In recent years, there has been a demand for the heat-shrinkable
films used in shrink packagin toée capable of handling packaged articles of various shapes and
wrapping methodet B NCH RS RN AN EAR HR R AL FIEMT BEREo te
aforementioned spontaneous shrinkage resistance, the raw materials need to satisfy various physical
properties such as low-temperature heat shrinkability, transparency, strength, rigidity and printability.
[0004]0n the other hand, in order to reduce the burden on the environment, recent years have seen
movements to mglggﬁ%ﬁﬁrmg'%ereinafter referred to as "thinning") to decrease the amount of raw
material used and reduce the generation of carbon dioxide, so there is a desire for development of a
material pophasizing extelenistigh dityansh sirapgihcagalklenpbititsiandinepagitiakalgeéren with
thinning. -2- [0005]One means of efficiently raising the rigidity is to mix a vinyl aromatic hydrocarbon
usI same. . .. . . . . .
polymer or a copofyn%er consisting of a vinyl aromatic hydrocarbon and an acrylic acid ester into a
block copolymer consisting of a vinyl aromatic hydrocarbon and a conjugated diene, as described in
Patent Documentg ”cﬁdﬁB%‘NW@%‘f using a vinyl aromatic hydrocarbon polymer, if the compatibility
with the block copéATymer is Insufficient, there is a risk of the transparency and strength decreasing
depending on the molding conditions, as well as the glass transition temperature becoming too high.
Additiona®f2vhen using Bk pobpineretsoiesistitng of vrvingioargmatidrhsadborarhdncangdedacrylic acid
ester, if the kneading.and dispessiondnithe hlogk conolvmer s insufficiant thestrangth can be
reduced, and the resistance to alcohol may be low. Therefore, the development of a material not
requiring mixture Bickiese-polhaidrs ity Eben prsied 2 blodRdEpsIyindrconsiBling of vinyl aromatic
hydrocarbons andeqniHaated dighes-exaeling ncHoidity.and shandibwas desiigd. [0007]Patent

Document 1: Patent Document 2: Patent Document 3: Patent Document 4: Patent Document 5: Patent
Document6 : JP FSASgeougy b isesYhen the BEs9uuord Bt D6 APIBIe59-221348 A JP

S61-123517A SUMMARYQRaiiEo NWENTHEN fiehlems tarbhe elved-hy thadayveation [0008]The
present invention has the purpose of offering a resin composition mainly comprising a block copolymer
consisting of a Vi RrORTREE ARG RHUR e KRBT Gy Hte ahieYss, aving RRee et ¥ Yty and
strength enablingctheisiegtoshiikadaledilemjaoeathinnek asngugxeallingds iehalance of physical
properties such as s ontaneous shr.ifnrli?(ge resitstartlce, low- temperature heat shrinkability and
transparency. [00‘6) Igef)sre?éenﬁpl%c\lléc ion'1s a rrélgllﬁr%sbmposition comprising at least one type of block
copolymérogginsisting of anwvinyhayematielaydsdeanboteancddconjugateblchiend: fivesresihioomposition (i)
having a vicat sofieping {smperalre. of g5 19 00,6 measured witha l9ad of 10, gegordance with
IS0306, (ii) having a din sﬁength 5f 58 MPa to 80 measured at a test gpeeﬂ of 2 mm/min in
accordance with 180278g (iythogroporidns aBhiefithym fdsinpprpogitd goodclepiad wyithd Gomugated
diene being 10 t0, 25 masstt. A (M, a-melssulareight.distribution of the sesincomposition having
molecular weight peaks from the block copolymers consisting of a vinyl aromatic hydrocarbon and a
conjugated dienespéisyectivelynbytielizieger dfsrisieetlar vereightanoodetsrsdebdtznd in the range of
150000 to 350000 wdherain the.Rlock conrglymes iscamposed of (1) at least one type of block
copolymer in which a proportion of the block copolymer occupied by the conjugated diene is 4 to 15

mass% aftftll) at least driethyrihst MBekiesptyin e vhich s propori SR GMReBlot®b polymer

occupied by the GRajgated-chaRs iSeBti Qo MRmasatoiniRgeblack canalyer.d ibhasatlgast one type of
vinyl aromatic hydrocarbon polymer block at a terminus; and a weight ratio between block copolymers

(1) and (11 is (1)/(1 SSTR56 o5 9818 00 10 TREIGIR'SER ARETSHH Sifesers rESE 6#lSsition mainly
comprising a block sepolyaercrnsisting@f &xinyhaimatie ydsosapien and-aaanugated diene,
having excellent rigidity and strength enabling thinning, and excelling in the balance of physical
properties such a¥ SEREEHESREh kAR PG AHER” fE Y BEr AR Heat shrinkability and
transparency. MODES FOR CARRYING OUT THE INVENTION [0011]The resin composition of the
present invention has a block copolymer consisting of a vinyl aromatic hydrocarbon and a conjugated
diene as a main component. [0012]Examples of vinyl aromatic hydrocarbons that can be used in the
production of the block copolymer of the present invention include styrene, o-methylstyrene,
p-methylstyrene, p-tert-butylstyrene, 2,4-dimethylstyrene, 2,5-dimethylstyrene, oc-methylstyrene,
vinylnaphthalene and vinylanthracene, among which styrene is preferred. [0013]Examples of
coniniaated dienec 1iced in the nrodiiction of the bhlock conolvvmer of



the present invention include 1,3-butadiene, 2-methyl-1,3-butadiene (isoprene),
2,3-dimethy1-1,3-butadiene, 1,3-pentadiene and 1,3-hexadiene, among which 1,3-butadiene and
isoprene are preferred. [0014]The block copolymer of the present invention can be produced by
polymerizing monomers of vinyl aromatic hydrocarbons and conjugated dienes in a dehydrated
organic solvent using an organic lithium compound as2an initiator, in the presence of a -4-
randomizing agent if needed. The organic solvent may be an aliphatic hydrocarbon such as butane,
pentane,figsane, isopentare.hapiangie@neiang isorpeiane @malicyeha hyeieearbon such as
cyclohexane, methylcyclohexane and ethylcyclohexane, or an aromatic hydrocarbon such as benzene,
toluene, ethylbenEH8ARYXPREHET0HT TS Br G S SRR o bBamats Y Losip i habing at least
one lithium atom heynchtal he-malesuleswebichymay-beiaimosaliungtiena rganieolilfoineampound
such as ethyllithium, n-gro%y(!lithium, n-bﬂjté/clili,th}%n, c-but ||ithi(L)lm or tert-butyllithium, or a

polyfunctional orgaacr?lrélf ﬁ%mlgg%%so%ﬁg Stch'ad ﬁrétxa?ﬁuelfhf/lféﬁé dilithium, butadienyl dilithium or

isopreny[@dithium. [00161\Néilestetrakhiydtaioreai Fiydrpisrhoai pbyyused fasethenanithdimiziig dgent,
ethers, amines, trﬁ% trggr%1 g)hoslglkrmga@ggegtﬁglr%qgaeqs n }sl‘,eutliorqlsica?le%ig sal&s t?r}ld 1LBotassium or sodium
alkoxides may also be uge I.nﬁrxamp es of éthers Include élmetahyfetherf’ allletlsﬁyfel%er, diphenylether,
diethylene glycol dimetiyiathemding dietmteridiglyooldibutydethal aTthe grsirfemsitay be tertiary amines
S o et s e Ams AMIet ARSI AR G, o e aRLve annracyclc
amine. Aside therefrom, trlphenylphosphlﬁe, hexamethylphosphor mldg, otassium or sodium
alkylbenzene sulfonzteramdtisdressianhooraaddiunsrBlitesid esteribee koei o radddinezsing dyents.

[0017]The amouni, of {hese japaemizingagentsrddet. shorldaednatts by Mass QL 1gss, preferably
0.001 to 8 parts by mass with respect to 100 parts by mass of all added monomers. The time of

addition may be B&JIe they BelitteriZitieiArre HEtRSEISPRIERIR] DORRIBl A ISA KB MSRAIRCfurther
addition is possibig.asagesied AiBilahelackcRry e sQldiamobiaingivthis way is added a
polymerization inhibiting agent such as water, alcohol or carbon dioxide in an amount sufficient to
inactivate the actiVEHeRinAIS therabgalsd it el B s i b RN sHE ARisIE for recovering the
block copmlymer fraentbadalaeck: copplprasyis@ution may be any method, including a method of pouring
these solutions into a poor solvent such as methanol to induce precipitation, a method of vaporizing
the solvent with a REBHRGFSNEF 6 the MRE S thduce precipitation (drum dryer method), a method of
concentrating thePsaltutiosrimant6NCETR6ae2s hen removing the solvent with a vent-type extruder, and a
method of dispergﬂ%& soluti n inﬁ%%g_rg %{En blowing steam to heat and remove the solvent (steam
stripping method). -5- (6115] en'mixing together a plurality of block copolymers to form the resin
composition, the Raixind neethod majf Beva2tiEhoed of mixing the desolventized block copolymers while
melting them in aPa%XttrBQeJm% @ ‘m?‘[;@%g_p%)ﬁiggxding solutions of the block copolymers before
desolventizing, then deso ventizing. [0020]The resin composition of the present invention may contain
a filler as needed. Examples of effects obtained by addition of a filler mainly include high strength,
thermal insulationy @leGARSH SPREMGVENPRYARLION, reduced cost, coloring and blocking resistance,
and depending on the purpose, an inorganic filler, an organic filler or both may be used. One of the
purposes of adding a filler in a film application is for anti-blocking performance. [0021]Examples of a
filler having anti-BTeeRR®S e FroRAetBY Hesdaeestpanic fillers such as high-impact polystyrene (HIPS),
crosslinkggipads of vinylaramalic usiesaran(eihlachliacid asisrandlanimaliapyic aci
copolymer, and crosslinked beads of vinyl aromatic hydrocarbon copolymer, and inorganic fillers such
as silica beads afBPRILIEE BEARTS AP Iras (9B HHaR @%’o‘ﬂ‘ﬁbﬁgﬁ}ff%@frﬁﬁ@f‘&%élinked beads of

vinyl aromatic hydsagadiend(methlasryliccacis: esiarpanidentmetiasmhic tacih aopelykase and
crosslinked beads of vinyl aromatic hydrocarbon copolymer should preferably be used. The blending
ratio should be n& RGPS THAR"EE BARESS el srataranRf 8198 W Brparechitss, and more
preferably 0.1 to Sppatisebysrlassugihanspeect oyl @onparisibyhmnass-okibaifesid eampasign.
[0022]Th J iin composition of th(te, restent invention ma .gontain varioust Mogs oft addi}ives as
needed. Examples of addi ?v%rseslennclhagnp)lf)ans]ﬁ(:aif(ésrlg,cglﬁﬁosil ants, rl(31’;’11t$1aerlngs é)élgrpfg,eﬁjbricants,
anti-static agentsbianticolaiging agestaaich pignentsafR023}exaplasi efanjigmxidatitsenbiude
phenolic anti-oxidants such as .. : . . o .
2-tert-buty1-6-(3-tert-buty-2 ?%i}’élr&}_\}?%‘f}ﬁ Sthybenzy L & methyiphenyacrylate, <> ed ™
241-(2-hydroxy-328«ditertdge myphehyle thyl] 1AB - terbpemtyd bhediyiagrytats ofi@ MPa to 80
n-octadecyl- 3 (4ot listatk QubirhsnybpispiRnals. and RARSBBRIC Andaridants puch as
2,2'-methylenebis(4,6-di-tert-butylphenyl)octylphosphite and tris(2,4-di-tert-butylphenyl)phosphite.
[0024]Examples of weathering agents include benzotriazolic UV absorbers such as
2-(2-hydroxy-3-tert-butyl-5-methylpheny1)-5-chlorobenzotriazole and hindered amine type weathering
agents such as tetra-cis(2,2,6,6-tetramethy1-4-piperidy1)-1,2,3,4-butane -6- tetracarboxylate.
Furthermore, the aforementioned white oils and silicone oils can also be added as weathering agents.

[0025]Examples of lubricants include fatty acids, fatty acid esters, fatty acid amides, glycerin fatty acid
actare (Aalvveeridec) <corbhitan fattyvy acid ectare nentaearvthritol fattyy acid ectare <ricroce fattyvy acid ectarce



[0029]The resin composition of the present invention satisfies the condition that the proportional weight
in 100 mass% of the resin composition occupied by the conjugated diene is 10 to 25 mass% as
measured by a halogen addition method. If less than 10 mass%, then the strength becomes too low
and film rupture tends to occur during film formation, in addition to the fact that it is undesirable in
terms of the strength in practical use after packaging.-&dditionally, at more than 25 mass%, the rigidity
of the material is too low, making stable film formation difficult, and causing problems such as the
thinned film not cerigetiyiwrappingithtopagkagsdiartishumhichisdndesiakles Moke.pieigraply, the
proportional weight of the conjugated diene is 11 to 22 mass%, more preferably 13 to 22 mass%.
[0030]The proportiBItAI bR ERBBLLEpIRYISY thEeormingarrp sy Ir s onfiguineti tan be
obtained from a gesetab pokdialpdnaws dalogap additign methedHxamples.of eesnugindialogen

addition methodsd'nclude mteth ds t%f dissol 1!319 in a&solventt%?(p%tglelggﬁ m%Ietefl dissolving the
sample, then addlﬁegn%tﬁes f&é‘éesyqlﬂan?ifﬁ%fe iodine MEnAchiori e?ca(r)bon etfachiorde, | eaocting well and

titrating the unreac@doicddie0paombeklotigebwithasbdiem thiagulfade/bthanehsolutigne ahd computing
the conjugated digne content from the resulting. double bond content. [0031]The molecular weight of
the resin composﬁll%%< (C)?I%ﬁ? Iﬁ?faglevﬁ'tﬁgnl}/aeﬁf%gr? %Orrﬁ%%éﬁrlgg)dc ?nco c%f rdance. 1|t?11 go[ﬁ{e/entional methods
using gel permeatioynghroaiography {GRC), avddihet festitnedymrodéblddr wwedgmdistridution has
molecular weight,peais iam e, BloskcpRolmer cansising. byl asomal, Bydropahags and
conjugated dienes respectively in the range of molecular weight 000 to 150000 and the range of
150000 to 350000 erbtefls capify thrsréDdres At dtet gie s ght ipebkefrointhé dsisbRrepplpiyener consisting
of vinyl aromatic bygdrogarhans.and-conjugated diengs.Lasngstivelindharanasst ular weights
80000 to 150000 and the range of 170000 to 300000. More preferably, there are molecular weight
peaks from the bt?%ﬁoéﬁﬁaﬁlmer consisting of vinyl aromatic hydrocarbons and conjugated dienes
respectiglidpn the rangegk pBssEaelaciHasWeiohts 2GR0 P-1BRAAM AR the-FRRgE 8,1 0000 to

280000. In order to achieve a good balance of physical properties, block copolymers having different
proportional cont6PREBMELFUT B Uik HiEe arapt T@%R}ﬁ%&'ﬂ?&%&ﬁ‘?ﬂ%\%ﬁeﬂlg{ﬂ%éﬁ%er (a) with a
lower proportionabhceinienigfiepridgates dienes:shoudihg seeeithg fangeirmaleHalceights
150000 to 350000, and a block copolymer (b) with a higher proportional content of conjugated dienes
should be used i IR FAFGE CrinhBievans® Wé%ﬂﬂ%aﬁ%666*?6‘%5&9&06%‘%5%&%%%8&%818%@%er (a), the
proportion of conpigateaspieses. in 100 mass% of the block copolymer is preferably 4 to 15 mass%,
more preferably 5 to 13 mass%. In block copolymer (b), the proportion of conjugated dienes in 100
mass% of the block copolymer is preferably 28 to 70 mass%, more preferably 29 to 60 mass%.
[0033]The block dapPBIFMEPRIGABRYESEOUNEREINVYENTEYN any of the following structures in order to
achieve the above-described structural properties. (1) (2) A-B (3) A-B-A (4) A-C-A (5) A-B-C-A (6)
AB-C-Bif () AC-B-A () (B1Y (MABMX AR (ACH X LAIIATR X2 A ) X g03In the
above general formulas, A represents a vinyl aromatic hydrocarbon polyme btock. The presence of
polymer block A can Yieytersfiraticdnfrapdatirermaoietceinivgntigstiofece mpeimetemrsiyained by osmic acid

decompggition of the blogk conalymer, in.aceadancewiththeliteratuie e methad descsibed in 1. M.
Kolthoff, et al., Journal of Polymer Science, Volume 1,429 (1946)). [0035]B represents a block wherein

vinyl aromatic hydieERdcreAraceshjbigatesdidrediard1dndoiiraaremysey Sreinethod of forming
block B may be agmeiodipfend-pcrRtNHPUSHEfEeing vinyhasematicshydiaratiaas.and conjugated

dienes at a constant speed ratio to the active terminals while maintaining a starved state, or a method
of adding an arbifdRy ARYSESMURRRSILE PSR DO i e Y RiclstiEedsall at once.
[0036]C represents.acedjugated diene polymer block. Additionally, X is a polyfunctional coupler
residue or a polyfunctional organic lithium compound residue used as an initiator, and n is an integer
of 2 to 1({)(.)%{)]amples of goRmctArEsalsErihantse titsRastralinatidy Bpdwiarsbdrssyoil and
organic carboxyliehagidesteiseraic examplcsatfndyiypeianal pgaitdibitkiysgenapounds include
hexamethylene djlithium, butadienyl dilithiym and isopre ilithium. [0037]The above-mentioned
block copolymer éa%‘%%%?ﬁ \}"ljéli"(%lebzflst%l?lnﬁi 'rypaeﬂt (1)?/{/19@??'1{:)}/95% G?éﬂ &4 soﬂ%l?gﬁl ity. Preferred
embodiments thet@dfundieiranrel &oproh¢hes strefetures of the following general formulas. (a-1) B (a-2)

AB @3) A @4 (ARLK G LB O B A BB LIS Bl 8) (O @ite
monomers of vinyl aromatic hydrocarbons and conjugated dienes in a dehydrated

organic solvent using an organic lithium compound as an initiator, in the presence of a



[0038]The above-mentioned block copolymer (a) preferably has a low proportional weight of blocks
mainly composed of conjugated dienes in the structure, in order to ensure that both rigidity and
low-temperature heat shrinkability are achieved. [0039]Block copolymer (b) mainly excels in strength.
Preferred embodiments thereof may have any of the structures of the following general formulas. (b-1)
A-B-A (b-2) A-C-A (b-3) A-B-C-A (b-4) A-C-B-A (b-5) A-B-C-B-A (b-6) (A-B),X -10- (b-7) (A-C),X (b-8)
(A-B-C),X (b-9) (A-C-B),X [0040]The block copolymer (b) preferably has blocks mainly composed of
vinyl aromatic hyeseeahans akhoihends. ofitheomaleciRestiisiseinaapigndayhtainstiength, and the
proportion occupied by its total weight in the weight of the block copolymer should preferably be at
least 20 mass%. [BFUA THENHRIG Patls o SRR Bt Ko AP 18] Xhia Bl eR ¢ 8PBIMIEF (b) is not
particularly limitedyasdenpoasdticasasinobexapg sidaylcpmpesed maisdyytheiensatisiies the required
physical properties, but,irlfroc{der %3 achi velglgzoodtb Ianceﬂcl)f%ysical (;elerties, the mixing ratio
should preferably Be A1) € 58" RIASEAB A MALEYs (8 B8 Thalc 4B HAS<Es, And'fore preferably (1)/(11) =
90 mass/[0#18) mass% to B massddibhinasstpiinen shempixing hatingihthesbtoekitopalymer (11)
exceeds 50 mass%, the rigidity, can became top low, and there is an increased risk of the tensile
Clasticity of the heal Shi e et B B B e R 1200
MPa. If less than & etladkdtuthengtrepdiithoan besoyiehtoolevy; ardltherenisr dartihordégdedonisk of the
elongation of the fieglaPrinkable (i, coRstng Al he.(psiocamRASIUAN BEcaMIng.ower than S0%.
[0042]While the resin composition of the present invention should preferably be used alone, the
method of use is Pioegianitdibijinmtdeprisrdditifpractice, at least one type of polymer chosen from
the folloyggspolymers (oGl mayRe Mixe i Wo-da.4 e q&um_%ﬁ@mg"%@% pegded within
such a range as not to detract from the physical properties: (a) a vinyl aromatic hydrocarbon polymer;
(b) a copolymer cBRiskstiHESHHESiR)PerBAREhYIFICSTBEIS eHEPRA AtityRESSEH RStETUaheY (c) a
hydrogenated bloglgcaPaiyiar Ry iatingeafsadvinyl ApRalic yAreeaifonand,d-anjugated diene.
[0043]Examples of common vinyl aromatic hydrocarbon folymers include pol%styrene

poly-oc-methylstyHSHE SRY sy Rdatetie aigSy ran s aekinpra st deri et ediers that may be
used in the copolymelycarsisting ahiiayhaiwratichydracar bansantaaylienatidestershicude methyl
acrylate, ethyl acrylate, n-propyl acrylate, n-butyllacryl,ate, isobutyl acrylate, tert-butyl acrylate isoamyl
acrylate, n-hexyl Ay IR RESSI SRR Ve SR BAHERARALE. WY mettiicrylate, n-propy!
methacrylate, isopr@pitbmethacriatespHuiHaneibagtylaighicaandy) poetiiachybdatedndexy!
methacrylate and (2-ethyl)hexyl acrylate. Examples of vinyl aromatic hydrocarbons include styrene,
o-methyisyrene, B EHRGIE AL B R S T A et rone.
oc-methylstyreneagamyglnaphthalene and vinylanthracene, among which styrene is preferred.

[0045]Hy, enated block copolymers cansisting. of vinyl aromatic hydrocarbons.and conjugated
dienes nu B obtained by BTae e B wtons anc
conjugated dieneksshpaitretblyy poiblichrkriownmssthvdtsespeso lpriéy ipeaticry osirgahyddation catalyst
such as a titanocene Gempoynd @ [edueive oraanamatalic.compound.ior RAMLIOGAEITRe mixing ratio
of these polymers (a) to (c) preferably does not exceed 30 mass% in which case the strength,
transparency or bsthearrbécmarkediforsdudethfoeddiondstreatidnanretsiedfiim of the present invention
may be qfgsained by uniaxially apmeliRxially siratehinga.shaet-ar filnexinsded, by adpuhicly known

T-die method or tubular method using the resin composition of the present invention. Examples of
uniaxial stretchindHeitire8mictibdor éfefttihy tesandied&HaensrmmatirEigiedton

perpendicular to thggirgetionaftiiusion usine 3 terithdmetbediolpegtebingthenexkiided sheet or
film in the same direction as the direction of extrusion, a method of stretching the extruded tubular
sheet or film in a EFEEANYETRAKET BiRECE ERY S metifdiosk StRVMAG eHE X fA&8 Ibular sheet or
film in the same ditagtionrasthexdireetion ef@xiiugiorRsdxamplesaf biasiadssteatchimginclude a method
of stretching an extrtl];\de tsh,egt in the.di{etction of &XHU?O” usin %roll r, tthe.rgpstliclatching in the
direction perpenditUlarfo the dife &l o S A GEh sy & BRI 5 Mt d o &insdltAheously biaxially
stretching an extrutledosfiegtiwithiadientercgndtomethodlefsimuliahconshi@r separaiehtisgretching an
extruded tubular fim.Ip fhe direction, of exttision and. e chgumierantial.direction, [0p48[The
heat-shrinkable film of the present invention may be obtained y SO efy or n?’fmﬁ/ using the resin
composition of the ipedsehifidiseation theagbletist oneadayeheT blevwangiranstulotarendfrthecfiinthenay be a
single layer or myltjple,| e%;g.syﬁgggo&%t%%{esin composition of the present invention is used, the
better. -1 2- [0049]The heat-shrinkable film of the present invention is not particularly limited as to the
thickness of the film that may be used. For example, in shrink labels used for packaging PET bottles,
thicknesses of 25 to 60 m or 30 to 50 la such as 40 m, could be used when considering common
printing equipment, printing methods and wrapping methods, but further thinning is possible depending
on the method of use of the heat-shrinkable film.



[0050]The heat shrinkage rate of the heat-shrinkable film of the present invention is preferably such
that the heat shrinkage rate is at least 40% in the main direction of contraction after 10 seconds of
immersion in 90 C hot water, the heat shrinkage rate is at least 50% in the main direction of
contraction after 10 seconds of immersion in 100 C hot water, and more preferably at least 50% at 90
C and at last 60% at 100 C. If the heat shrinkage rate-5s too low, there may be wrapping defects
depending on the shape of the packaged article, which is undesirable. [0051]The tensile elasticity of

the heat-pbrikable film atthe Rrasgmdaventionisiy) i2asick30EbiViRas psederaily aliieast 1400 MPa,
more preferably at least 1500 MPa, and most preferably at least 1700 MPa. Since common shrink
packaging involvE&2PSELP RO DENAG AL AAE PHIR Shed AL BH¥ AR AN & il Sl e i tubular form,
the film must haveogulffisientvigidityl tmyitbstanth bersiiess ahcavediogpMhien wsethasda tinned film of
thickness 40if theb}e sile ellasticiD/ foft e film its I,esstﬂha 13100 MPa, wrapping defects such as the film
being bent during’COVERRY Can occur, WRICH s TINESTaDiE T6052]he elongation of the
heat-shrijkatile film of théhpresenbinpedtiionefor prasticahpurposesy ispreiertidy atedstt 50%, more
preferably at least 100%, and.even more preferably at least 200%. At less. than 50%, the film will often
break during use o ELs AL S o S S STt duta
undesirable. [0058}Th¢i @pehtanad umdheinkagesdt of thduebhtshrinkaibkafithblofithe present
invention, for pracliggl RUIRATES,SNAHICLRG24.01\5%: ML RISIRINI1H% Ailess affer storage for

7 days at 40 C. If the spontaneous shrinkage rate exceeds 2%, then if, for example, the film is stored
in a high-temperatisebe isirbniienptit v motaerhpétae rditorinelide, anrififiPmiaietend to develop
defects in appeargncs Qua 28 WaKiRge Which is undesirable for practical purposes. [0054]The haze
(clouding) in the heat-shrinkable film of the present invention should be 10% or less, preferably 8% or
less, mot€pteferably 69F (TS e by il 209d eRensPafgppast dirkelepianifBécomes very
poor, which is undgsiralign[@RsRIHae heatks vinkaliedimwsing dherrasin £emnesition of the present

invention may be used in various packaging formats including heat-shrink labels, heat-shrink cap seals
and overpack filnfYESRANRSL € 1DOSE] RS rase At Il 58 Sk prarledtsh Wetail by providing
examples below, croshiHidieppr@sentiHyy ertian i idbtarbencopsiyurd asibeinghmited oy these
examples. [0057]Production Methods of Block Copolymers (A) to (P) of Reference Examples 1 to 16
[Reference Exampis I BHOHUEHOH KatHEd of BISSk CAPSRRISH (R Pry85% Ky 3r&)&dhsYane were

loaded into a reactiads chaimbaroni 2 IWhile Glistingnatiaadcier nad terpetdireneth3 el Qe mL of
n-butylithium (10 masehs cyelohexane. solution) were added 19.0.kg.of styrene mengmer were added
and the temperatur% was raised 1o polymerize. (’éﬁ‘y fan mierﬁaf(iempera ré of 50 ©, 70.0 kg of
styrene monomepwéretdybedstd. corhphétading potlyshenizditon. j0OS58|R Elgrendey Example 2]
Production Methad of BDI c&ogg(pé)l mer @ glg 500 kg of fceycgphda@nf wer loaded ipto a reaction
chamber. (2) While g{larn%g'at an internal té‘?n’pé‘rartrfﬁre 5130 C,)1160 il o r?’tl)lbati/sllvl\fhﬁjm (10 mass%
cyclohexane solutispdoiverd Gpidedyakgichstyrenemondivier were added, and the temperature was
raised tojpplymerize. (3)hilgMmaintainind ShedNenl IRIRRIAILBLEN Car 0thef §0.0 kg of
styrene monomer and a total of 10.0 kg of butadiene monomer were both simultarieously added at
constant additionadddy sfaexsdedivelyatptrkelAddity 90 BIkgAT 2t this Stbtexidastmaintained for a
sufficient period QLJL@%@%@%,a@sl%@%swﬁﬁg%pi%@a@; M- AbRRNIEERAl Jempetatite of 55 C, 48.0
kg of styrene monomer were added to polymerize. (5) At an internal temperature of 70 C, 48.0 kg of

styrene H8A8mer were doABEES iRt RRE PolyisaiieatirroosoRefdriRte Example 3]

Production Methad:af-Blegks Copelymen (G pothkaabaysighaxaneiwrigleaded into a reaction
chamber. (2) While stirrin% at an internal temperature of 30 C, mL of n-butyllithium (10 -1 4-

{ 1210
mass% cyclohexant SaNaEhY werd SdbRT BRI RY B By e EHELY sy A0HEE 3y the
temperature was hajsadet91polymerias: 3 ileumapntaylipe thentnécinabtesiperature at 80 C, a total
of 172.0 kg of styrene monomer and a total of 12.0 kg of bytadjepe monomer were bqth
cimutancously GBS B AUE? A0 TN HATSE o (SUpEET G 71D R AFR6 15 8 g, and this
state was maintatnie@, fetiaestibiicygritepehigtbgfttime after the addition was completed. (4) At an internal
tempera f 75 C, 8.0 kg of styrene monomer were added to compl t?e olymerization.
00ROTREE e BT e TR S 5k Emoms 0 Py B30 HeeA yclonexane
were loaded into Z(Pelactiornychamtietyl- RinWhyilehstintirgchloasbentetnal serapehatdeecdhBE, 1710 mL of
n-butylithium (10,assireloheaane, selutian). yess gadar.ihkoalagne mengmer were added.
and the temperatﬁle was raised fo polymerize. (3) While maintaining the internal temperature at 80 C,
a total of 172.0 kg of styrene monomer and a total of 12.0 kg of butadiene monomer were both
simultaneously added at constant addition rates of respectively 172.0 kg/h and 12.0 kg/h, and this
state was maintained for a sufficient period of time after the addition was completed. (4) At an internal
temperature of 80 C, a total of 187 g of epoxidized soy oil (Adeka Adekacizer 0 -130P) were added,
then stirred for 10 minutes at 75 C to complete the polymerization. [0061][Reference Example 5]

Production Method of Block Copolymer (E) (1) 500 kg of cyclohexane were loaded into a reaction
chamber (2) While <tirrina at an internal temnearatiire of 20 C 10650 m!| of n-hiitvilithitim (10 mac<04



(3) While maintaining the internal temperature at 80 C, a total of 102.0 kg of styrene monomer and a
total of 18.0 kg of butadiene monomer were both simultaneously added at constant addition rates of
respectively 153.0 kg/h and 27.0 kg/h, and this state was maintained for a sufficient period of time after
the addition was completed. (4) At an internal temperature of 70 C, 40.0 kg of styrene monomer were
added to complete the polymerization. [0062][Referenee Example 6] Production Method of Block
Copolymer (F) -15- (1) 500 kg of cyclohexane were loaded into a reaction chamber. (2) While stirring
at an internal tempgralsepha0 GulROGhBb, ofenforinbit iy (L @ssHiGyslehexanarsalidtion) were
added, 40.0 kg of styrene monomer were added, and the temperature was raised to polymerize. (3)
While maintaining $H8IRIHEF IS A%GPE at 80 C, a total of 98.0 kg of styrene monomer and a total
of 22.0 kpmbputadiene menepieoveEe otk isindiangoiusly, addediataenstant addiitiadates of
respectively 147.01k9/h ntd 33.0 ka/h, alnd t}glis stat was trpaint ined for a suﬁLci(t-:‘qtféptterioddof time after
the addition was EOMpIetaty (4) Rf AR TYeTHAl YeRParatlit ey 0 e 2 U kg SF Shrdne’ fohomer were
added to completssithe pelpmdiipation .§6063]{Referéncee; ExamipleadldReady ctioeIMethod of Block
Copolymer (G) %3) 0 of cyclohex were loaded into a reaction chamber. (2) While stirring at
o tormal temp oA BT G0 SR AP § BRI O P o rats 2oy were
added, 8.0 kg of stymexe shRbitemereyere pddédumnd the temperature was raised to polymerize. (3)
While majtaining the intginaltemperatre.at80.G. a 9tal of 1560 kgiof shueng monomer and a total
of 28.0 kg of butadiene monomer were both simultaneously added at constant addition rates of
respectively 156.0uk@trad-28 0 keHadntsthis staitéevirnicmalnttine drfonainutficentideriod of time after
the addition was gompleiad. (AAtARINIELA LAMBRIAIS O HAG «SRkd el shrang nuomer were
added to complete the polymerization. [0064][Reference Example 8] Production Method of Block
Copolymer (H) (2Jt5i0Ke S1&YEhexane were loaded into a reaction chamber. (2) While stirring at

an interngbtemperature af30e(n dS3PobtkoRbhaRULYMItRIUM LR MassWicxciahexane solution) were
added, 8.0 kg of styrene monomer were added, and the temperature was raised to polymerize. (3)
While maintainind°thBefitarnal teAgerataraat sert Vitarardri 1%%1RdcﬁPl§1§}?&er1‘élm§r%¥9Fér and a total
of 13.4 kg of butagliereonspnammesveie Aot sinultasiepuabhasidedralaenstantagditianarates of
respectively 87.8 kg/h and 10.7 kg/h, and this state was maintained for a sufficient period of time after
the addition was E5HSERd (o ACSH TNEMESEHT S IRNUIE e A eSS 1SR 4y 6 My¥ehe monomer were
added to polymenrizenkighr{fe)al Netdsnys iaittiacsas lowered caaslbth§ kglaiableenthnesamer were
added to complete, (he palymetization, [0008IRaference Cxample 9] Freductipn Mathod of Block
Copolymer (1) (1)%5@’?(9 0 cyclolfu)exane were1oadBd intb a réaction chamber. fﬂ} hile stirring at an
internal temperataperop88<CppB2Aient. lnftrvbertylbitkiderind hewasgMioyiciohexanesblution) were added,
8.0 kg of styrene mopomer. were, added, and fhe temperatlire was raisedto polymerizes () While
maintaining the interna terﬁperatu%e at80C, a tot4l of 109.8 g of styrene monomer and 3 total of
34.2 kg of butadiene monpraeraligrd both $imultaneously added at constant addition rates of
respectively§7.8 ka/h ang, 27,3 kaih,a06,ihis siate-was WalnRingd.fonasyllicisnkreded,of ime after
the addition was completed. (4) At an internal temperature of 70 C, 48.0 kg of styrene monomer were
added to complet® tMEagsiyensHEstiv . fo0BB PRefef e/ Fyain precrd] e adthcisH Metfod of Block
Copolymer (J) (J&ﬁeg.kgAQﬁé;ml@h%m,wa%ﬁﬁ%ﬂ o2 RAGURR GhRmRErh{RHWMAIE stirring at an
internal temperature of 30 C, 1620 mL of n-butyllithium (10 mass% cyclohexane solution) were added,

4.0 kg of styrene RfoaBHERE RS ARSI Ushasths iemprirattirstivagarrédthe PlsrtZE<93) While

maintaining the intaiaalsteraparasiire at8Ricnamitak06LI B KeafistyeNSspoRRmetacha total of 8.8
kg of butadiene monomer were both simultaneously added at constant addition rates of respectively

165.9 kg/h and 187 RYIA AR eHIEResteb R TR ERTEMSderrbisl Sttt eperib S5 fiRfe after the addition
was completed. (4hpdravniinietaaliempangh)wtarity42da ey ohshyie B nagomeranmere added to
polymerize. (5) The temperature was lowered, and 34.0 kg.of styrene. magnomer were added to
complete the poly ST AHER THOE AFRERS tl:r‘icoé ‘@)Earﬁnﬁf%“f%f‘faf%%&Eﬁ%lﬁ%ﬁfeg%ﬁda&l 0CKk Copolymer
(K) (1) 500 kg of wytlohexaneweretloadatd ptesanteactiorchapuber prie)idAlhite stitrong at an internal

temperature of 30,6, 1960 ml, of byt (10, miasst cyplohexans solution) werg added, 4.0 kg
of styrene monomer were added’ and the temperature was raised to polymerize. ?zﬁ'vﬁhile

maintaining the intemaktemperattienattBOr@iga ¢6tehding 08B udthsof styrepefetallyFfolediniand a total
of 6.8 kg of butadigne, monemer el PRI simliznaqusy.addedh Al Gonsiant addiien ales of
respectively 140.4 kg/h and 9.2 kg/h, And this state was maintained for a sufficient periodof time after
the addition was completed. (4) At an internal temperature of 60 C, 51.4 kg of styrene monomer were
added to polymerize. (5) At an internal temperature of 70 C, 34.0 kg of styrene monomer were added
to complete the polymerization. [0068][Reference Example 12] Production Method of Block Copolymer
(L) (1) 500 kg of cyclohexane were loaded into a reaction chamber. (2) While stirring at an internal
temperature of 30 C, 3940 mL of n-butyllithium (10 mass% cyclohexane solution) were added, 20.0 kg

of styrene monomer were added, and the temperature was raised to polymerize. (3) While
maintainina the internal temnearatiire at QO C A total of 108 O kAo of ectvrene monomer and a total of



[0069][Reference Example 13] Production Method of Block Copolymer (M) (1) 500 kg of cyclohexane
were loaded into a reaction chamber. (2) While stirring at an internal temperature of 30 C, 2210 mL of
n-butyllithium (10 mass% cyclohexane solution) were added, 40.0 kg of styrene monomer were added,
and the temperature was raised to polymerize. (3) While maintaining the internal temperature at 80 C,
a total of 36.0 kg of styrene monomer and a total of 8-0-kg of butadiene monomer were both
simultaneously added at constant addition rates of respectively 144.0 kg/h and 32.0 kg/h, and this
state was maintaineddor arssiticiertipe pdapldimenaftoithe addiionsvasicamplated. -18- (4) Atan
internal temperature of 55 C, 66.0 kg of styrene monomer were added to polymerize. (5) At an internal
temperature of 65 ¥ &5 ERY Vst PR S HSIFR W R AR B EdHopis e RRETB8IOh EN  ation.
[0070][Referenceabxampls ddl RroskigtiDrohethied AéBlockGopahsnendNytriind ek kghef cyclohexane
were loaded into a re acti%n ghamber. (t While f,tirrifw‘g aéth%n finteépaLtem(gerature of,3§)bC, 2310 mL of
n-butyllithium (105 Sy ISHESEIE S1BHdNY Ware a5 6'RG: SPRY B BRSMaT were added,
and the temperatunglwasdaisesetdlpdlymerize. (3) While maintaining the internal temperature at 80 C,
a total of kg of styrepe manomer and a total of 11,8 kg of but ?c;}ien monomer werg both
imatandhiy added at Ao A e e B R AT S e and this state
was maintained forapstifficientigkriod Wfmimdoaftdnetrsindditioritiasccomistebedhe(@pjigandnternal
temperature of 59, 403 ke shuene. MmNl WRLE Adder 10, RANMSIZq; S Ay internal
temperature of 55 C, 39.8 kg of styrene monomer and 24.2 kg of butadiene monomer were added at
once to completeriaes polyindrizeitingt{bORIR &fe lerca EXampriurS]ePds tuetivnh dMetsddrof Block

Copolymer (0) (1),200ik9 f R¥GIRREYAEAEIRIQadEIE0. B GRETRR GhAMBERs HAh Yhllg Atirring at an
internal temperature of 30 C, 2700 mL of n-butyllithium (10 mass% cyclohexane solution) were added,

37.0 kg of styren@ihtfifsmrskoséie addedioaathtabriern Jevatirsarras tasiedisy gbipfarteal {8) while

maintaining the intRral, IGMREratkie Ah88rkafototaefiB- kg Listy IebadMeBm et @ad a total of 120.0
kg of butadiene monomer were both simultaneously added at constant addition rates of respectively

4.0 kg/h and 80.07RgNTI4NR Mol s waeRiiAimersored atileieit Pefisasethie afdethe addition
was completed. (A4)&raBI, intepRaldemperatigie aftildbniShRkaielstyreremenen)aidnere added to
complete the polymerization. [0072][Reference Example 16] Production Method of Block Copolymer
(P) (1) 500 kg of EGEIBREXENS %dPE*5%ded into a reaction chamber. (2) While stirring at an internal
temperatooecpf 30 C, 348hempopbdriidutydlithéu o ddpintasste eysiohmdarsalutienyivere added, 23.0 kg
of styrene monomer were added, 8nd, 19 the lemparatyie was aised (o polmerize, () Atan
internal temperature bt %é"‘&,a@ .%)Okg of butadieRe moromer were added to polymerize. (5) At an
internal temperattireropl6SoCscbthrdkfabigontalditioe monainarcivérenadiddsldioipetyymerire. (6) At an

internal temperati(g of o8, Giod Lk RIRMAdISnR MONgIer wele added (0. camplele e
polymerization. (7) At an‘internal te pel)éture of 70 C, 23.0kg of butadiene monbmer Wwere added to
complete the polypdarizatiorrhl00STatherstetiethialidh aradiegistitsed biotkgdpolpmettsdA to P obtained

in this way are shawn.n TaRles,hansi, s senigated diens conient indhe hiask,copolymer, Vicat

softening temperature, bending strength and molecular weight were measured in accordance with the
methods describegnisaitd {IorP4Tapi&an Refemiting pefbieRopdreft@y. 3 Ref. Ex. 4 Ref. Ex. 5 Ref.

Ex. 6 Re!2)031] The molecular weight of the resin composition of the present invention is
measured in accordance with conventional methods using gel permeation
chromatography (GPC), and the resulting molecular weight distribution has molecular
weight peaks from the block copolymer consisting of vinyl aromatic hydrocarbons and
conjugated dienes respectively in the range of molecular weights 70000 to 150000 and the
range of 150000 to 350000. Preferably, there are molecular weight peaks from the block
copolymer consisting of vinyl aromatic hydrocarbons and conjugated dienes respectively
in the range of molecular weights 80000 to 150000 and the range of 170000 to 300000.
More preferably, there are molecular weight peaks from the block copolymer consisting

of vinyl aromatic hydrocarbons and conjugated dienes respectively in the range of



Ex. 7 Ref. Ex. 8 Ref. Ex. 9 Block copol. abbreviation (A) (B) (C) (D) (E) (F) (G) (H) (I) Block copol. type
(@) (a) (a) (a) (a) (&) Block copol. structure A A-B-A A-B-A (A-B),X A-B-A A-B-A A-B-A A-B-C-A A-B-A
Conjugated diene content of block copol. [mass%] 056 6911 14 16

[0032]

[0033]

[0034]

[0035]

-8-

molecular weights 90000 to 150000 and the range of 170000 to 280000. In order to
achieve a good balance of physical properties, block copolymers having different
proportional contents of conjugated dienes are preferably used, such that a block
copolymer (a) with a lower proportional content of conjugated dienes should be used
in the range of molecular weights 150000 to 350000, and a block copolymer (b) with a
higher proportional content of conjugated dienes should be used in the range of
molecular weights 70000 to 150000.

In block copolymer (a), the proportion of conjugated dienes in 100 mass% of the
block copolymer is preferably 4 to 15 mass%, more preferably 5 to 13 mass%. In block
copolymer (b), the proportion of conjugated dienes in 100 mass% of the block copolymer
is preferably 28 to 70 mass%, more preferably 29 to 60 mass%.

The block copolymer of the present invention can have any of the following

structures in order to achieve the above-described structural properties.

1) B

@) A-B
3) A-B-A
(4) A-C-A

) A-B-C-A
(6) A-B-C-B-A
(7) A-C-B-A
©) (B)n-X
) (A-B)n-X
(10) (A-O)n-X
(11) (A-B-C)a-X
(12) (A-C-B)a-X

In the above general formulas, A represents a vinyl aromatic hydrocarbon
polymer block. The presence of polymer block A can be confirmed from the molecular
weight of components obtained by osmic acid decomposition of the block copolymer, in
accordance with the literature (the method described in I. M. Kolthoff, et al., Journal of
Polymer Science, Volume 1, 429 (1946)).

B represents a block wherein vinyl aromatic hydrocarbons and conjugated

dienes are randomly arranged. The method of forming block B may be a method of



17 Vicat softening temperature of block copol. [C] 107 86 84 84 74 71 62 75 59 Bending strength of
block copol. EM Pa] 106 91 84 87 84 85 76 68 58 Peak top mol. wt. of main component in range of
mol. wt. 70000 to 150000 [g/mol] 128000 Peak top mol. wt. of main component in range of mol.
wt. 150000 to 350000 [g/mol] 156000 201000 187000 268000 231000 224000 222000 206000
180000 -20- [0075][Table 2] -9-

continuously feeding vinyl aromatic hydrocarbons and conjugated dienes at a constant
speed ratio to the active terminals while maintaining a starved state, or a method of
adding an arbitrary amount of vinyl aromatic hydrocarbons and conjugated dienes all at
once.

[0036] C represents a conjugated diene polymer block. Additionally, X is a
polyfunctional coupler residue or a polyfunctional organic lithium compound residue
used as an initiator, and n is an integer of 2 to 10. Examples of polyfunctional couplers
include silicon tetrachloride, epoxidized soy oil and organic carboxylic acid esters, and
examples of polyfunctional organic lithium compounds include hexamethylene
dilithium, butadienyl dilithium and isoprenyl dilithium.

[0037] The above-mentioned block copolymer (a) mainly excels in rigidity and
low-temperature heat shrinkability. Preferred embodiments thereof may have any of

the structures of the following general formulas.

(1) B
(a2) A-B
(a3) A-B-A

(a-4)  (A-B)-X
(a-5) A-B-C-A
(a-6)  A-C-B-A
(a-7)  (A-B-Opn-X
(a-8)  (A-C-B)-X
[0038] The above-mentioned block copolymer (a) preferably has a low proportional
weight of blocks mainly composed of conjugated dienes in the structure, in order to
ensure that both rigidity and low-temperature heat shrinkability are achieved.
[0039] Block copolymer (b) mainly excels in strength. Preferred embodiments thereof
may have any of the structures of the following general formulas.
(b-1)  A-B-A
(b-2) A-C-A
(b-3) A-B-C-A
(b-4) A-C-B-A
(b-5)  A-B-C-B-A
(b-6)  (A-B)»-X



Ref. Ex. 10 Ref. Ex. 11 Ref. Ex. 12 Ref. Ex. 13 Ref. Ex. 14 Ref. Ex. 15 Ref. Ex. 16 Block copol.
abbreviation (J) (K) (L) (M) (N) (0O) (P) Block copol. type (b) (b) (b) (b) (b) Block copol. structure
A-B-C-A A-B-C-A (A-B-C)n-X A-B-C-A A-B-C-B-A A-B-A A-C-A Conjugated diene content of block
copol. [mass%] 26 29 34 37 38 60 77 Vicat softening temperature of block copol. [C] 78 77

-10-
(b-7)  (A-O)p-X
(b-8)  (A-B-Op-X
(b-9)  (A-CB)y-X
[0040] The block copolymer (b) preferably has blocks mainly composed of vinyl

aromatic hydrocarbons at both ends of the molecular structure in order to obtain
strength, and the proportion occupied by its total weight in the weight of the block
copolymer should preferably be at least 20 mass%.

[0041] The mixing ratio between block copolymer (a) and block copolymer (b) is not
particularly limited as long as the resin composition composed mainly thereof satisfies
the required physical properties, but in order to achieve a good balance of physical
properties, the mixing ratio should preferably be (I)/(I) = 50 mass%/50 mass% to 95
mass%/5 mass%, and more preferably (I)/(II) = 90 mass%/10 mass% to 55 mass%/45
mass%. When the mixing ratio of the block copolymer (II) exceeds 50 mass%, the
rigidity can become too low, and there is an increased risk of the tensile elasticity of the
heat shrinkable film consisting of the resin composition becoming lower than 1300 MPa.
If less than 5 mass%, the strength can become too low, and there is an increased risk of
the elongation of the heat shrinkable film consisting of the resin composition becoming
lower than 50%.

[0042] While the resin composition of the present invention should preferably be used
alone, the method of use is not particularly limited. In actual practice, at least one type
of polymer chosen from the following polymers (a) to (c) may be mixed inup to a
maximum of 30 mass% as needed within such a range as not to detract from the physical
properties:

(a) avinyl aromatic hydrocarbon polymer;

(b) acopolymer consisting of a vinyl aromatic hydrocarbon and an acrylic acid ester;
and

(c) ahydrogenated block copolymer consisting of a vinyl aromatic hydrocarbon and a
conjugated diene.

[0043] Examples of common vinyl aromatic hydrocarbon polymers include
polystyrene, poly-a-methylstyrene and syndiotactic polystyrene.

[0044] Examples of acrylic acid esters that may be used in the copolymer consisting of

vinyl aromatic hydrocarbons and acrylic acid esters include methyl acrylate, ethyl



61 68 56 <0 <0 Bending strength of block copol. EM Pa] 46 42 32 32 21 6 n/a Peak top mol. wt. of
main component in range of mol. wt. 70000 to 150000 [g/mol] 145000 130000 125000 121000
124000 90000 Peak top mol. wt. of main component in range of mol. wt. 150000 to 350000 [g/mol]
168000 187000  [0076][Measurement of Conjugated Diene Content] The measurement of
block copolymers and the mass% of conjugated diengg-in 100 mass% of the resin composition was
performed by the following method. (1) 0.1 g of a sample was dissolved in 50 mL of chloroform. (2)
25 mL of an ioding-merochierde/cgibemtetigchignsle sobitipnwekeaddadgnstmiedswelyafter which

the solution was let stand for one hour in a dark place. (3) 75 mL of a 2.5% potassium iodide solution

were added and AFXEIWENVA5RI05% @&6‘?&1’%?W&gﬂﬁﬁéiaﬁ%bﬁg}ﬁﬂﬁﬁﬁﬁg@dded while stirring

well until the colomefhieystdutighopgraBitaarale iyeﬁmmshlaﬂiafrylafé Abotll h&tidrydtg 1% starch

indicator was added, and t| ation was perfor ed with thsl o ?ﬁ‘ldlum thl(l)SU|f elet anog solution
fratior

once again until e BB S B ER e ESioTasE @Vﬁ\{a}&?taerlr ! 5Mpfated thE Shount a [mL] of
the sodium thiosulfageiethariohy@bcagalotionl tidatwas<onsetinedynas, measuBdréneorder to make

corrections by mea,[s% L%Int rr]anéL B0 fa(; eﬁgqgtn%gg, teps fé‘t_;l},% tsll%r\{g,ere R rf?;t%ned for straight

chloroform, and tﬁe amo odium thiosu fate consume smeasured The
conjugated dienevoaritephivasreompuiedafrbmdine, mmeasirdnckpterénedepordarrde with the following

formula. ﬁ&@juga’[ed die@%/&%%%%%eq/?)o:dl%ﬁoﬂ)&e% g‘o%sgsel(n%yfl\gl%q]é%\éi%(tijcgtgdrocarbons and

conjugated dienes may be obtained by hydrating block copolymers consisting of vinyl
aromatic hydrocarbons and conjugated dienes obtained by publicly known methods of
polymerization using a hydration catalyst such as a titanocene compound, a reductive
organometallic compound, or both.

[0046] The mixing ratio of these polymers (a) to (c) preferably does not exceed 30
mass% in which case the strength, transparency or both can be markedly reduced.

[0047] The heat-shrinkable film of the present invention may be obtained by uniaxially
or multiaxially stretching a sheet or film extruded by a publicly known T-die method or
tubular method using the resin composition of the present invention. Examples of
uniaxial stretching include a method of stretching the extruded sheet or film in a
direction perpendicular to the direction of extrusion using a tenter, a method of
stretching the extruded sheet or film in the same direction as the direction of extrusion, a
method of stretching the extruded tubular sheet or film in a circumferential direction,
and a method of stretching the extruded tubular sheet or film in the same direction as the
direction of extrusion. Examples of biaxial stretching include a method of stretching an
extruded sheet in the direction of extrusion using a roller, then stretching in the direction
perpendicular to the direction of extrusion using a tenter, a method of simultaneously
biaxially stretching an extruded sheet with a tenter, and a method of simultaneously or
separately stretching an extruded tubular film in the direction of extrusion and the
circumferential direction.

[0048] The heat-shrinkable film of the present invention may be obtained by solely or
mainly using the resin composition of the present invention in at least one layer. The
laminar structure of the film may be a single layer or multiple layers. The more the

resin composition of the present invention is used, the better.



c: titer of 20% sodium thiosulfate/ethanol solution W: amount of sample [g] [0077][Measurement of
Vicat Softening Temperature] The Vicat softening temperatures of the block copolymer and resin
composition were measured with a load of 10 N in accordance with 1IS0306 (JIS K7206) using a 148
HAD Heat Distortion Tester (Yasuda Seiki Seisakusho). [0078][Measurement of Bending Strength]
The bending strengths of the block copolymer and regip composition were measured as the maximum
bending stress (bending strength) capable of being withstood by a test piece when measured at a
testing spred of 2 mm/mimdnaccarsanas Wil SRL78(IS KAL) using.AiBeAgogrRh dL (Toyo Seiki).
[0079][Measurement of Molecular Weight] The molecular weights of the block copolymer and
resin compositior WSS S RGIG Ny 1 E5ffle abU MGG SAHE'8RIERS Given below.
Device name:Highaspged GRGapparaitsdte£o822() 60 @by B edumpak kugebMixgdrBotidee in series
Temperature:40 % Detgct'on:diffe&ential refractive ipdex Solventt:tetr%hydro{}tﬂrgn Concentration: 2 wt%
Calibration curve?T Seecévmeﬁlocﬁ)ﬂtsisevr\}g%ec (ﬁ%ﬂ uces L}§ﬁ1eg;q%11pslf}fﬁld:Err(l]rl 68 %yré’nseaﬂgci‘ﬁ'raaﬁal?ﬁe peak
molecular weightseththis, aifucbenponengs havsiilgadefeadlag weighhpdaksindhet ranges of molecular
weight 70000 to %%th%% 3 lggggoo to 350000 were measured as polystyrene-converted values.
Additionally, the welgﬁt-average molecular weights were also measured based on similar measuring
conditioni§0zhd measurethaseapshripbhgstyrend tbohvartbdnkakle §1{0T80] Pheabowerdesdsibed block
copolymers 1 to 36.e1 5ed sinal aLaterelaaliel lending (dnslsndingl. fag,of more types,
then melt-mixed at a melt temperature of 200 C Using a uniaxial screw (screw diameter 40 mm,
Dulmage type) extrutrstipnahigideteneddsy TapegsindadVial Mashine thabgrhriagesite dothpositions
of Table 3 to Tablg,6.5hhs Fopivaatad diens FQMenLL DR res R camResiian. ¥icat seitenng

temperature, bending strength and molecular weight were measured in accordance with the
above-described Wiéthaa< MorarirasbtAE s ordoSinpAstdrst a8 TablE Bssié extruded into
sheets with an avgrage dhickngssoababautChdZ vnm yuhile; ellingiat-2ath Cosing i Je digrype uniaxial
extruder (screw diameter 65 mm, Dulmage type), then stretched 1.2-fold in the direction of sheet flow
(hereinafter referR3GRS 5 NETWINE Fedtifg 1S stretching temperature, then stretched 4.5-fold while
heating tpdkg stretching taapaialdre e dirgetion-peipriiqula(herpinaliemeiasadsta as TD) to the
direction of sheet flow using a tenter stretcher to obtain a heat-shrinkable film of average thickness 40
im. The physical BropETtiey oF 8 eSS #ib WL M A BIRSt RS SHAX RS IERShEY WHh 8 hethods
described below, and shawibiiogether fooldble 3tocd abhenbn DOBR [pMeasHsementoh HeabsiShrinkage
Rate] The heat shrinkage rate was measured by the following methaod. A test piece of MD width
100 mm and 10 SHeRH RO A Ton R0 B O s St it T TR Completely
immersed for 10 second§dant 6QiGthot widietarithér sevadiatelyingatétoooled] Fhahiratet filas wiped
from the test piece after water-cooling, and the length .in the, TD easured. (3) The heat
Shiinkage rate wal e 1t o U el B PR 100 01
100 [0083][MeasUdrésrie i dfap drsilentbieist bityt amdBeiesiierEl omgation vhich iT hedtsisille. elasticity and
tensile efgpgation were measkiedaRcAANG e IQURHRIINENIANS (1 A stiiprARaest piece of
MD width 100 mm and TD width"10 mm was cut out from a stretched film. (2) Using an Orientec
Tensilon Univers&lkpatetidl ArestHyyl ashinmert, Teecqueisiblest leag 1¢iécand ssepuierd in the MD at a

measurement terpResaiite, ok43 50and AeAsion SPeeRohiZORiTURIMINAA Measuie: ths tensile
elasticity and the tensile elon% ation. [0084][Measurement of Spontaneous Shrinkage Rate] The

spontaneous shrifiieaRierdie WA ESrkd By tha b Irolving retdtips) vhigsispreés stMD width 100

mm and [perayidth 350 mmpaAsEaHeaut rpmiasstratchiareEa: stélhkii¢entbatiRQsHAMET the test piece,
marker lines were made with the spacing between the marker lines in the TD set to 300 mm. The test
piece was then stB¥&Ri A AP B ERiFSIRIET LAl ealdde Hha e <Pt Ry I ehi) Betissiafie marker
lines was measurgstaféas:/; days0hstaragethe (phitarespoOsHaneRdssheitkageratasvastoreasured by
the following formula. ?(%’_?}Qt? eoqus sh inkage}{gte é/o =4300.0 -L /?(%0{01 xtloo
[0085][Measuremént & a%e'][{|rrlLr11sesi%tezen\llvaas1 SRR Y The REthY L8 ibed below. (1) A test
piece of MD widthebpe¢rmmu@ndnbblddthe XD mam tarabtedb alibrasfe@s sirepphadriitnauct2)s The haze of the

film was measurevgaglsnlg’q&iwQggrpde[glerraﬁgQ(Ifruplrggycg{rllg%pléls[gsljl2000 Turbidimeter. -24-
[0054] The haze (clouding) in the heat-shrinkable film of the present invention should

be 10% or less, preferably 8% or less, more preferably 6% or less. At more than 10%, the



[0086][Table 3] Ex. 1 Ex. 2 Ex. 3 Ex. 4 Ex. 5 Ex. 6 Ex. 7 Resin Content Block copolymer (abbrev.) (C)
(D) (E) (C) (B) (B) (C) Content [mass%] 33.3 66.7 95 33.3 50 66.7 66.7 Block copolymer (abbrev.)
Content [mass%] (F) 33.3 (M) 33.3 (P) 5 (G) 33.3 (M) 50 (N) 33.3 (K) 33.3 Block copolymer (abbrev.)
Content [mass%]

[0055]

[0056]

[0057]

[0058]

[0059]
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appearance of the film becomes very poor, which is undesirable.
The heat-shrinkable film using the resin composition of the present invention
may be used in various packaging formats including heat-shrink labels, heat-shrink cap

seals and overpack film.

EXAMPLES

The present invention will be explained in detail by providing examples below,
but the present invention is not to be construed as being limited by these examples.
Production Methods of Block Copolymers (A) to (P) of Reference Examples 1 to 16
[Reference Example 1] Production Method of Block Copolymer (A)

(1) 327 kg of cyclohexane were loaded into a reaction chamber.

(2) While stirring at an internal temperature of 30 °C, 950 mL of n-butyllithium (10
mass% cyclohexane solution) were added, 70.0 kg of styrene monomer were added, and
the temperature was raised to polymerize.

(3) Atan internal temperature of 50 °C, 70.0 kg of styrene monomer were added to
complete the polymerization.

[Reference Example 2] Production Method of Block Copolymer (B)

(1) 500 kg of cyclohexane were loaded into a reaction chamber.

(2) While stirring at an internal temperature of 30 °C, 1160 mL of n-butyllithium (10
mass% cyclohexane solution) were added, 4.0 kg of styrene monomer were added, and
the temperature was raised to polymerize.

(3) While maintaining the internal temperature at 80 °C, a total of 90.0 kg of styrene
monomer and a total of 10.0 kg of butadiene monomer were both simultaneously added
at constant addition rates of respectively 10.0 kg/h and 90.0 kg/h, and this state was
maintained for a sufficient period of time after the addition was completed.

(4) Atan internal temperature of 55 °C, 48.0 kg of styrene monomer were added to
polymerize.

(5) Atan internal temperature of 70 °C, 48.0 kg of styrene monomer were added to
complete the polymerization.

[Reference Example 3] Production Method of Block Copolymer (C)

(1) 500 kg of cyclohexane were loaded into a reaction chamber.

(2) While stirring at an internal temperature of 30 °C, 1210 mL of n-butyllithium (10



(N) 33.4 (M) 33.4 Resin Characteristics Conjugated diene content in resin composition [mass%] 18
17 12 19 21 16 14 Vicat softening temperature of resin composition [C] 73 80 74 72 79 81 85
Bending strength of resin composition EM Pa] 60 124000 193000 67 126000 270000 82 125000
253000 64 145000 204000 59 124000 201000 64 123000

[0060]

[0061]

[0062]
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mass% cyclohexane solution) were added, 8.0 kg of styrene monomer were added, and
the temperature was raised to polymerize.

(3) While maintaining the internal temperature at 80 °C, a total of 172.0 kg of styrene
monomer and a total of 12.0 kg of butadiene monomer were both simultaneously added
at constant addition rates of respectively 172.0 kg/h and 12.0 kg/h, and this state was
maintained for a sufficient period of time after the addition was completed.

(4) At an internal temperature of 75 °C, 8.0 kg of styrene monomer were added to
complete the polymerization.

[Reference Example 4] Production Method of Block Copolymer (D)

(1) 500 kg of cyclohexane were loaded into a reaction chamber.

(2) While stirring at an internal temperature of 30 °C, 1710 mL of n-butyllithium (10
mass% cyclohexane solution) were added, 16.0 kg of styrene monomer were added, and
the temperature was raised to polymerize.

(3) While maintaining the internal temperature at 80 °C, a total of 172.0 kg of styrene
monomer and a total of 12.0 kg of butadiene monomer were both simultaneously added
at constant addition rates of respectively 172.0 kg/h and 12.0 kg/h, and this state was
maintained for a sufficient period of time after the addition was completed.

(4) Atan internal temperature of 80 °C, a total of 187 g of epoxidized soy oil (Adeka
Adekacizer O -130P) were added, then stirred for 10 minutes at 75 °C to complete the
polymerization.

[Reference Example 5] Production Method of Block Copolymer (E)

(1) 500 kg of cyclohexane were loaded into a reaction chamber.

(2) While stirring at an internal temperature of 30 °C, 1050 mL of n-butyllithium (10
mass% cyclohexane solution) were added, 40.0 kg of styrene monomer were added, and
the temperature was raised to polymerize.

(3) While maintaining the internal temperature at 80 °C, a total of 102.0 kg of styrene
monomer and a total of 18.0 kg of butadiene monomer were both simultaneously added
at constant addition rates of respectively 153.0 kg/h and 27.0 kg/h, and this state was
maintained for a sufficient period of time after the addition was completed.

(4) Atan internal temperature of 70 °C, 40.0 kg of styrene monomer were added to
complete the polymerization.

[Reference Example 6] Production Method of Block Copolymer (F)



201000 71 144000 188000 Peak top mol. wt. of main component in range of mol. wt. 70000-150000
Peak top mol. wt. of main component in range of mol. wt. 150000-350000 Stretched Film
Properties Stretching temperature [C] Heat shrinkage rate after 10 sec. immersion in 70 C hot water
[%0] 90 10 90 590 8 90 12 90 11 90 6 90 5 Heat shrinkage rate after 10 sec. immersion in 80 C hot
water [%] Heat shrinkage rate after 10 sec. immersion$a 90 C hot water [%] Heat shrinkage rate after
10 sec. immersion in 100C hot water [%] 41 66 72 22

(1) 500 kg of cyclohexane were loaded into a reaction chamber.
(2) While stirring at an internal temperature of 30 °C, 1200 mL of n-butyllithium (10
mass% cyclohexane solution) were added, 40.0 kg of styrene monomer were added, and
the temperature was raised to polymerize.
(3) While maintaining the internal temperature at 80 °C, a total of 98.0 kg of styrene
monomer and a total of 22.0 kg of butadiene monomer were both simultaneously added
at constant addition rates of respectively 147.0 kg/h and 33.0 kg/h, and this state was
maintained for a sufficient period of time after the addition was completed.
(4) Atan internal temperature of 70 °C, 40.0 kg of styrene monomer were added to
complete the polymerization.

[0063] [Reference Example 7] Production Method of Block Copolymer (G)
(1) 500 kg of cyclohexane were loaded into a reaction chamber.
(2) While stirring at an internal temperature of 30 °C, 1090 mL of n-butyllithium (10
mass% cyclohexane solution) were added, 8.0 kg of styrene monomer were added, and
the temperature was raised to polymerize.
(3) While maintaining the internal temperature at 80 °C, a total of 156.0 kg of styrene
monomer and a total of 28.0 kg of butadiene monomer were both simultaneously added
at constant addition rates of respectively 156.0 kg/h and 28.0 kg/h, and this state was
maintained for a sufficient period of time after the addition was completed.
(4) At an internal temperature of 70 °C, 8.0 kg of styrene monomer were added to
complete the polymerization.

[0064] [Reference Example 8] Production Method of Block Copolymer (H)
(1) 500 kg of cyclohexane were loaded into a reaction chamber.
(2) While stirring at an internal temperature of 30 °C, 1230 mL of n-butyllithium (10
mass% cyclohexane solution) were added, 8.0 kg of styrene monomer were added, and
the temperature was raised to polymerize.
(3) While maintaining the internal temperature at 80 °C, a total of 110.0 kg of styrene
monomer and a total of 13.4 kg of butadiene monomer were both simultaneously added
at constant addition rates of respectively 87.8 kg/h and 10.7 kg/h, and this state was
maintained for a sufficient period of time after the addition was completed.
(4) Atan internal temperature of 75 °C, 18.6 kg of styrene monomer were added to

polymerize.



65723764 72517377 3062732257 701954 68 Tensile elasticity in longitudinal direction [MPa]
1350 1540 1880 1450 1320 1500 1600 Tensile elongation in longitudinal direction [%] 350 290 50 260
320 250 180 Spontaneous shrinkage rate after storage for 7 days at40 C [%] 1.91.71.41.61.81.6
1.4 Haze [%]
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(5) The temperature was lowered, and 50.0 kg of styrene monomer were added to
complete the polymerization.

[0065] [Reference Example 9] Production Method of Block Copolymer (I)
(1) 500 kg of cyclohexane were loaded into a reaction chamber.
(2) While stirring at an internal temperature of 30 °C, 1320 mL of n-butyllithium (10
mass% cyclohexane solution) were added, 8.0 kg of styrene monomer were added, and
the temperature was raised to polymerize.
(3) While maintaining the internal temperature at 80 °C, a total of 109.8 kg of styrene
monomer and a total of 34.2 kg of butadiene monomer were both simultaneously added
at constant addition rates of respectively 87.8 kg/h and 27.3 kg/h, and this state was
maintained for a sufficient period of time after the addition was completed.
(4) Atan internal temperature of 70 °C, 48.0 kg of styrene monomer were added to
complete the polymerization.

[0066] [Reference Example 10] Production Method of Block Copolymer (J)
(1) 500 kg of cyclohexane were loaded into a reaction chamber.
(2) While stirring at an internal temperature of 30 °C, 1620 mL of n-butyllithium (10
mass% cyclohexane solution) were added, 4.0 kg of styrene monomer were added, and
the temperature was raised to polymerize.
(3) While maintaining the internal temperature at 80 °C, a total of 110.6 kg of styrene
monomer and a total of 8.8 kg of butadiene monomer were both simultaneously added
at constant addition rates of respectively 165.9 kg/h and 13.2 kg/h, and this state was
maintained for a sufficient period of time after the addition was completed.
(4) Atan internal temperature of 65 °C, 42.6 kg of styrene monomer were added to
polymerize.
(5) The temperature was lowered, and 34.0 kg of styrene monomer were added to
complete the polymerization.

[0067] [Reference Example 11] Production Method of Block Copolymer (K)
(1) 500 kg of cyclohexane were loaded into a reaction chamber.
(2) While stirring at an internal temperature of 30 °C, 1960 mL of n-butyllithium (10
mass% cyclohexane solution) were added, 4.0 kg of styrene monomer were added, and
the temperature was raised to polymerize.

(3) While maintaining the internal temperature at 80 °C, a total of 103.8 kg of styrene



6654444.19.04.6 -25-[0087][Table 4] Ex. 8 Ex. 9 Ex. 10 Ex. 11 Ex. 12 Resin Content Block
copolymer (abbrev.) (F) (B) (B) (G) (G) Content [mass%] 33.3 50 90 50 95 Block copolymer
(abbrev.) Content [mass%] (G) 33.3 (K) 50 (0) 10 (K) 50 (0) 5 Block copolymer (abbrev.) Content
[mass%] (L) 33.4
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monomer and a total of 6.8 kg of butadiene monomer were both simultaneously added
at constant addition rates of respectively 140.4 kg/h and 9.2 kg/h, and this state was
maintained for a sufficient period of time after the addition was completed.
(4) Atan internal temperature of 60 °C, 51.4 kg of styrene monomer were added to
polymerize.
(5) Atan internal temperature of 70 °C, 34.0 kg of styrene monomer were added to
complete the polymerization.

[0068] [Reference Example 12] Production Method of Block Copolymer (L)
(1) 500 kg of cyclohexane were loaded into a reaction chamber.
(2) While stirring at an internal temperature of 30 °C, 3940 mL of n-butyllithium (10
mass% cyclohexane solution) were added, 20.0 kg of styrene monomer were added, and
the temperature was raised to polymerize.
(3) While maintaining the internal temperature at 80 °C, a total of 105.0 kg of styrene
monomer and a total of 13.0 kg of butadiene monomer were both simultaneously added
at constant addition rates of respectively 80.8 kg/h and 10.0 kg/h, and this state was
maintained for a sufficient period of time after the addition was completed.
(4) Atan internal temperature of 55 °C, 54.0 kg of styrene monomer were added to
polymerize.
(5) Atan internal temperature of 85 °C, 8.0 kg of styrene monomer were added to
complete the polymerization.
(6) Atan internal temperature of 85 °C, a total of 423 g of epoxidized soy oil (Adeka
Adekacizer O -130P) were added, then stirred for 10 minutes at 75 °C to complete the
polymerization.

[0069] [Reference Example 13] Production Method of Block Copolymer (M)
(1) 500 kg of cyclohexane were loaded into a reaction chamber.
(2) While stirring at an internal temperature of 30 °C, 2210 mL of n-butyllithium (10
mass% cyclohexane solution) were added, 40.0 kg of styrene monomer were added, and
the temperature was raised to polymerize.
(3) While maintaining the internal temperature at 80 °C, a total of 36.0 kg of styrene
monomer and a total of 8.0 kg of butadiene monomer were both simultaneously added
at constant addition rates of respectively 144.0 kg/h and 32.0 kg/h, and this state was

maintained for a sufficient period of time after the addition was completed.



Resin Characteristics Conjugated diene content in resin composition [mass%] 20 17 11 22 14 Vicat
softening temperature of resin composition [C] 66 81 85 69 69 Bending strength of resin composition
EM Pa] 59 61 84 59 80 Peak top mol. wt. of main component in range of mol. wt. 70000-150000
131000 223000 144000 199000 125000 202000 144000 224000 125000 220000 Peak top mol. wt. of
main component in range of mol. wt. 150000-35000018- Stretched Film Properties Stretching
temperature [C]

(4) Atan internal temperature of 55 °C, 66.0 kg of styrene monomer were added to
polymerize.
(5) Atan internal temperature of 65 °C, 50.0 kg of styrene monomer were added to
complete the polymerization.

[0070] [Reference Example 14] Production Method of Block Copolymer (N)
(1) 500 kg of cyclohexane were loaded into a reaction chamber.
(2) While stirring at an internal temperature of 30 °C, 2310 mL of n-butyllithium (10
mass% cyclohexane solution) were added, 50.0 kg of styrene monomer were added, and
the temperature was raised to polymerize.
(3) While maintaining the internal temperature at 80 °C, a total of 34.2 kg of styrene
monomer and a total of 11.8 kg of butadiene monomer were both simultaneously added
at constant addition rates of respectively 58.6 kg/h and 20.2 kg/h, and this state was
maintained for a sufficient period of time after the addition was completed.
(4) Atan internal temperature of 55 °C, 40.0 kg of styrene monomer were added to
polymerize.
(5) Atan internal temperature of 55 °C, 39.8 kg of styrene monomer and 24.2 kg of
butadiene monomer were added at once to complete the polymerization.

[0071] [Reference Example 15] Production Method of Block Copolymer (O)
(1) 500 kg of cyclohexane were loaded into a reaction chamber.
(2) While stirring at an internal temperature of 30 °C, 2700 mL of n-butyllithium (10
mass% cyclohexane solution) were added, 37.0 kg of styrene monomer were added, and
the temperature was raised to polymerize.
(3) While maintaining the internal temperature at 80 °C, a total of 6.0 kg of styrene
monomer and a total of 120.0 kg of butadiene monomer were both simultaneously added
at constant addition rates of respectively 4.0 kg/h and 80.0 kg/h, and this state was
maintained for a sufficient period of time after the addition was completed.
(4) Atan internal temperature of 70 °C, 37.0 kg of styrene monomer were added to
complete the polymerization.

[0072] [Reference Example 16] Production Method of Block Copolymer (P)
(1) 500 kg of cyclohexane were loaded into a reaction chamber.
(2) While stirring at an internal temperature of 30 °C, 3480 mL of n-butyllithium (10

mass% cyclohexane solution) were added, 23.0 kg of styrene monomer were added, and



Heat shrinkage rate after 10 sec. immersion in 70 C hot water [%] Heat shrinkage rate after 10 sec.
immersion in 80 C hot water [%] Heat shrinkage rate after 10 sec. immersion in 90 C hot water [%] 90
386175906 2560905 205690 2155 749024 55 75 Heat shrinkage rate after 10 sec. immersion
in 100C hot water [%] 78 73 69 77 77 Tensile elasticity in longitudinal direction [MPa] 1350 1370 1900
1320 1800 Tensile elongation in longitudinal direction %] 370 220 50 270 80 Spontaneous shrinkage
rate after storage for 7 days at 40 C [%] Haze [%] 1.5 6.2

the temperature was raised to polymerize.

(4) Atan internal temperature of 55 °C, 50.0 kg of butadiene monomer were added to
polymerize.

(5) Atan internal temperature of 55 °C, 50.0 kg of butadiene monomer were added to
polymerize.

(6) Atan internal temperature of 55 °C, 54.0 kg of butadiene monomer were added to
complete the polymerization.

(7) Atan internal temperature of 70 °C, 23.0 kg of butadiene monomer were added to
complete the polymerization.

[0073] The structural characteristics of block copolymers A to P obtained in this way
are shown in Tables 1 and 2. The conjugated diene content in the block copolymer,
Vicat softening temperature, bending strength and molecular weight were measured in
accordance with the methods described below.

[0074]  [Table 1]

Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref.
Ex. 1 Ex. 2 Ex. 3 Ex. 4 Ex. 5 Ex. 6 Ex. 7 Ex. 8 Ex. 9

Block copol.
abbreviation (A) (B) © D) (E) (F) G) (H) ()
Block copol.
type

Block copol.
structure
Conjugated
diene content
of block copol.
[mass%]

Vicat softening
temperature of
block copol.
[°C]

Bending
strength of
block copol.
[MPa]

Peak top mol.
wt. of main
component in
range of mol.
wt. 70000 to
150000 [g/mol]
Peak top mol.
wt. of main
component in
range of mol.
wt. 150000 to
350000 [g/mol]

A AB-A | ABA | (ABnX | ABA A-B-A AB-A | AB-C-A | ABA

107 86 84 84 74 71 62 75 59

106 N 84 87 84 85 76 68 58

- - - 128000 - - - - -

156000 | 201000 | 187000 | 268000 | 231000 | 224000 | 222000 | 206000 | 180000




15572881.643156.5 -26- [0088][Table 5] Comp. Ex. 1 Comp. Ex. 2 Comp. Ex. 3 Comp. Ex. 4
Comp. Ex. 5 Comp. Ex. 6 Resin Content Block copolymer (abbrev.) Content [mass%] (H) 66.7 (A) 66.7
(1) 80 (A) 90 (A) 95 (1) 80 Block copolymer (abbrev.) Content [mass%] (J) 33.3 (J) 33.3
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[0075]  [Table 2]

Ref. Ex. 10 | Ref.Ex. 11 | Ref. Ex. 12 | Ref. Ex. 13 | Ref. Ex. 14 | Ref. Ex. 15 | Ref. Ex. 16

Block copol.

abbreviation () ®) i W W © o
Block copol.

oo . (b) (b) (b) (b) (b)
Block copol. AB-CA | ABCA | (ABChX | ABCA | ABCBA | ABA A-C-A
structure
Conjugated
diene content 2% 29 34 37 38 60 m
of block copol.
[mass%)]

Vicat softening
temperature of
block copol.
[°C]

Bending
strength of 46 42 32 32 21 6 n/a
block copol.
[MPa]

Peak top mol.
wt. of main
component in - 145000 130000 125000 121000 124000 90000
range of mol.
wt. 70000 to
150000 [g/mol]
Peak top mol.
wt. of main
component in 168000 . 187000
range of mol.
wt. 150000 to
350000 [g/mol]

78 77 61 68 56 <0 <0

[0076] [Measurement of Conjugated Diene Content]

The measurement of block copolymers and the mass% of conjugated dienes in
100 mass% of the resin composition was performed by the following method.
(1) 0.1 gof a sample was dissolved in 50 mL of chloroform.
(2) 25mL of an iodine monochloride/carbon tetrachloride solution were added and
mixed well, after which the solution was let stand for one hour in a dark place.
(3) 75 mL of a 2.5% potassium iodide solution were added and mixed well.
(4) A20% sodium thiosulfate/ethanol solution was added while stirring well until the
color of the solution became a pale yellowish color.
(5) About 0.5 mL of a 1% starch indicator was added, and titration was performed with
the 20% sodium thiosulfate/ethanol solution once again until the solution became
colorless.

(6) After titration was completed, the amount a [mL] of the sodium thiosulfate/ethanol



(P) 20 (P) 10 (0) 5 (K) 20 Resin Characteristics Conjugated diene content in resin composition
[mass%] 19 9 15 8 3 21 Vicat softening temperature of resin composition [C] 76 58 97 76 57 49 103
76 105 87 63 57 Bending strength of resin composition EM Pa] Peak top mol. wt. of main
component in range of mol. wt 70000-150000 - 205000 123000 155000 90000 182000
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solution that was consumed was measured.

In order to make corrections by measuring blanks, the operations of steps (1) to
(6) were performed for straight chloroform, and the amount b [mL] of sodium
thiosulfate/ethanol consumed was measured.

The conjugated diene content was computed from the measurements in
accordance with the following formula.

Conjugated diene content (%) = [(b — a) x 0.1 x ¢ x 27/1000]/W x 100

c:  titer of 20% sodium thiosulfate/ethanol solution

W: amount of sample [g]

[0077] [Measurement of Vicat Softening Temperature]

The Vicat softening temperatures of the block copolymer and resin composition
were measured with a load of 10 N in accordance with ISO306 (JIS K7206) using a 148
HAD Heat Distortion Tester (Yasuda Seiki Seisakusho).

[0078] [Measurement of Bending Strength]

The bending strengths of the block copolymer and resin composition were
measured as the maximum bending stress (bending strength) capable of being withstood
by a test piece when measured at a testing speed of 2 mm/min in accordance with ISO178
(JIS K7171) using a Bendograph II (Toyo Seiki).

[0079] [Measurement of Molecular Weight]

The molecular weights of the block copolymer and resin composition were

measured using the GPC measuring device and conditions given below.

Device name: High-speed GPC apparatus HLC-8220 (Tosoh)

Column: PL gel Mixed-B, three in series

Temperature: 40 °C

Detection: differential refractive index

Solvent: tetrahydrofuran

Concentration: 2 wt%

Calibration curve: The compounds were produced using a standard polystyrene (PL)
and the peak molecular weights of the main components having molecular weight peaks
in the ranges of molecular weight 70000 to 150000 and 150000 to 350000 were measured
as polystyrene-converted values. Additionally, the weight-average molecular weights

were also measured based on similar measuring conditions, and measured as



73000 157000 124000 158000 144000 180000 Peak top mol. wt. of main component in range of mol.
wt 150000-350000 Stretched Film Properties Stretching temperature [C] 90 70 75 Heat
shrinkage rate after 10 sec. immersion in 70 C hot water [%] Heat shrinkage rate after 10 sec.
immersion in 80 C hot water [%] Heat shrinkage rate after 10 sec. immersion in 90 C hot water [%)]
Heat shrinkage rate after 10 sec. immersion in 100 Gimt water [%] 9 35 63 75 too soft to form a film
46 70 76 77 too soft to form a film too soft to form a film 40 68 75 76 Tensile elasticity in longitudinal

direction [MPa] 188@styrene—converted values.

[0080] The above-described block copolymers 1 to 16 were used singly or after well
pellet-blending (dry blending) two or more types, then melt-mixed at a melt temperature
of 200 °C using a uniaxial screw (screw diameter 40 mm, Dulmage type) extruder
manufactured by Tabata Industrial Machinery to form the resin compositions of Table 3
to Table 6. The conjugated diene content in the resin composition, Vicat softening
temperature, bending strength and molecular weight were measured in accordance with
the above-described methods.

[0081] Next, the resin compositions of Table 3 to Table 6 were extruded into sheets with
an average thickness of about 0.22 mm while melting at 200 °C using a T-die type
uniaxial extruder (screw diameter 65 mm, Dulmage type), then stretched 1.2-fold in the
direction of sheet flow (hereinafter referred to as MD) while heating to a stretching
temperature, then stretched 4.5-fold while heating to the stretching temperature in a
direction perpendicular (hereinafter referred to as TD) to the direction of sheet flow
using a tenter stretcher to obtain a heat-shrinkable film of average thickness 40 um. The
physical properties of the resulting film were measured in accordance with the methods
described below, and shown together in Table 3 to Table 6.

[0082] [Measurement of Heat Shrinkage Rate]

The heat shrinkage rate was measured by the following method.
(1) Atest piece of MD width 100 mm and TD width 100 mm was cut out from a
stretched film.
(2) This test piece was completely immersed for 10 seconds in 100 °C hot water, then
immediately water-cooled. The water was wiped from the test piece after water-cooling,
and the length L (mm) in the TD was measured.
(3) The heat shrinkage rate was computed by the following formula.

Heat shrinkage rate (%) = {(100.0 — L)/100.0} x 100

[0083] [Measurement of Tensile Elasticity and Tensile Elongation]

The tensile elasticity and tensile elongation were measured according to the
following methods.
(1) Astrip-shaped test piece of MD width 100 mm and TD width 10 mm was cut out
from a stretched film.

(2) Using an Orientec Tensilon Universal Material Testing Instrument, the cut out test



1100 1240 Tensile elongation in longitudinal direction [%] 200 400 290 Spontaneous shrinkage
rate after storage for 7 days at 40 C [%] 2.3 10.7 7.8 Haze [%] 44 26.4 6.6 -27- [0089][Table 6]
Comp. Ex. 7 Comp. Ex. 8 Comp. Ex. 9 Comp. Ex. 10 Comp. Ex. 11 Resin Content Block copolymer
(abbrev.) Content [mass%]
_23-
piece was pulled in the MD at a measurement temperature of 23 °C and a tension speed
of 200 mm/min to measure the tensile elasticity and the tensile elongation.
[0084] [Measurement of Spontaneous Shrinkage Rate]
The spontaneous shrinkage rate was measured by the following method.
(1) Atest piece of MD width 100 mm and TD width 350 mm was cut out from a
stretched film.
(2) At acentral portion of the test piece, marker lines were made with the spacing
between the marker lines in the TD set to 300 mm. The test piece was then stored in a
40 °C environmental tester, and the spacing N (mm) between the marker lines was
measured after 7 days of storage.
(3) The spontaneous shrinkage rate was measured by the following formula.
Spontaneous shrinkage rate (%) = {(300.0 — L)/300.0} x 100
[0085] [Measurement of Haze]
The haze was measured by the methods described below.
(1) Atest piece of MD width 50 mm and TD width 100 mm was cut out from a
stretched film.
(2) The haze of the film was measured using a Nippon Denshoku Industries NDH2000

Turbidimeter.



(B) 70 (G) 50 (F) 100 (N) 100 (C) 40 Block copolymer (abbrev.) Content [mass%] (P) 30 (J) 50 (L) 60
Resin Characteristics Conjugated diene content in resin composition [mass%] 27 20 11 38 23 Vicat
softening temperature of resin composition [C] 73 69 71 56 68 Bending strength of resin composition
EM Pa] 61 91000 62 85 22 120000 51 130000 Peak top mol. wt. of main component in range of mol.
wt 70000-150000 -24-

[0086]  [Table 3]

Ex. 1 Ex.2 Ex.3 Ex. 4 Ex. 5 Ex. 6 Ex. 7
| Block copolymer (abbrev.) (@) (D) (E) (C) (B) (B) (C)
& | Content [mass%] 33.3 66.7 95 33.3 50 66.7 66.7
§ Block copolymer (abbrev.) (F) (M) (P) (G) (M) (N) (K)
= | Content [mass%] 33.3 33.3 5 33.3 50 33.3 33.3
é Block copolymer (abbrev.) (N) (M)
Content [mass%] 334 33.4
Conjugated diene content in resin
» |_composition [mass %] 18 17 12 19 21 16 14
S Vi ; :
Z Vicat so'ft.enlng temperature of resin 73 80 74 79 79 81 85
@ | composition [°C]
o i i oy
E F'\;;;ging strength of resin composition 60 67 82 64 59 64 71
(&) -
£ | Peaktopmol. wt. of main component | 45,000 | 426000 | 125000 | 145000 | 124000 | 123000 | 144000
& | in range of mol. wt. 70000-150000
Peak top mol. wt. of main component
in range of mol. wt. 150000350000 193000 | 270000 | 253000 | 204000 | 201000 | 201000 | 188000
Stretching temperature [°C] 90 90 90 90 90 90 90
Heat shrinkage rate after 10 sec.
immersion in 70 °C hot water [%] 10 5 8 12 1 6 5
Heat shrinkage rate after 10 sec.
8 | immersion in 80 °C hot water [%] # 2 37 51 30 2 19
& | Heat shrinkage rate after 10 sec.
09_ immersion in 90 °C hot water [%] 66 65 64 & 62 57 5
E | Heat shrinkage rate after 10 sec.
%5 | immersion in 100 °C hot water [%] 72 72 72 " 73 70 68
O B T N "
g | Tensile elastcity inlongitudinal 1350 | 1540 | 1880 | 1450 | 1320 | 1500 | 1600
© | direction [MPa]
& - — —
T.ensnle eltzngatlon in longitudinal 350 290 50 260 320 250 180
direction [%]
Spontaneous shrinkage rate after
storage for 7 days at 40 °C [%] 19 17 14 16 18 16 14
Haze [%] 6 6 54 4.4 4.1 9.0 4.6




Peak top mol. wt. of main component in range of mol. wt 150000-350000 202000 168000 ' 220000
224000 188000 Stretched Film Properties Stretching temperature [C] 90 90 85 Heat shrinkage rate
after 10 sec. immersion in 70 C hot water [%] Heat shrinkage rate after 10 sec. immersion in 80 C hot
water [%] Heat shrinkage rate after 10 sec. immersion in 90 C hot water [%] Heat shrinkage rate after
10 sec. immersion in 100 C hot water [%] 13 20 too seft-to form a film too soft to form 30 3554 67
5772 74

[0087]  [Table 4]

Ex. 8 Ex. 9 Ex.10 | Ex. 11 | Ex.12

| Block copolymer (abbrev.) (F) (B) (B) (G) (G)
& | Content [mass%] 33.3 50 90 50 95
§ Block copolymer (abbrev.) (G) (K) (0)] (K) (0)]
= | Content [mass%] 33.3 50 10 50 5
é Block copolymer (abbrev.) (L)

Content [mass%] 334

Conjugated diene content in resin
» |_composition [mass %] 20 17 1" 2 14
S Vi i i
Z Vicat so'ft.enlng temperature of resin 66 81 85 69 69
@ | composition [°C]
o i . ™
E F'\;;;ging strength of resin composition 59 61 84 59 80
(&)
= | Peak top mol. wt. of main component
é in range of mol. wt, 70000-150000 131000 | 144000 | 125000 | 144000 | 125000

Peak top mol. wt. of main component

in range of mol. wt. 150000-350000 223000 | 199000 | 202000 | 224000 | 220000

Stretching temperature [°C] 90 90 90 90 90
mmersonin 70 Crotwaertil | | S| 5| 2 |
mersonin80 Crotwarpil | S| B | 2| s |
mmeson n0 Crotwar ) | T | 0 | % | M|
Heat shrinkage rate after 10 sec. 78 7 59 . .

immersion in 100 °C hot water [%)]
Tensile elasticity in longitudinal
direction [MPa]

Tensile elongation in longitudinal
direction [%]

Spontaneous shrinkage rate after
storage for 7 days at 40 °C [%] 15 15 2 16 15
Haze [%] 6.2 5.7 8.8 4.3 6.5

1350 1370 1900 1320 1800

Stretched Film Properties

370 220 50 270 80




68 76 77 Tensile elasticity in longitudinal direction [MPa] 1290 a film 1390 1120 Tensile elongation
in longitudinal direction [%] Spontaneous shrinkage rate after storage for 7 days at 40 C [%] Haze [%)]
1508.923.2201.7 4.6 400 4.6 6.7 [0090]Next, the resin compositions of the examples were mixed
with vinyl aromatic hydrocarbon polymers, copolymers consisting of vinyl aromatic hydrocarbons and
acrylic acid esters, or hydrogenated block copolymerge@onsisting of vinyl aromatic hydrocarbons and
conjugated dienes to form resin compositions. The structural characteristics of the polymers used for
mixing argoskownirblkadle 7, and the physical properties of the resin compositions mixed with the

Polymer Structut
block copolymer

b) (c)

tadiene

polymers are shown-inTable 8 and Fable 9. -28- [0091][Table 7} Polymer A breviatgn-(a)-j
e polystyrene styrene-n-butyl a :r)é[)%.e :qgg[)quirom(d ro&%p.alegoﬁgyrar@gﬁ]p
Polymer Composition butadieneOnass%x.2 | Ex.3 | Ex4 | Ex5 | Ex.6
.. | Block copolymer (abbrev.) (H) (A) (1) (A) (A) (1)
S 5 | Content [mass%] 66.7 66.7 80 90 95 80
& § Block copolymer (abbrev.) (J) ) (P) (P) (0)] (K)
Content [mass%)] 33.3 33.3 20 10 5 20
Conjugqtgd diene (zontent in resin 19 9 15 8 3 21
" composition [mass%]
S i i :
Z Vicat so.ft'enlng temperature of resin 76 97 57 103 105 63
ko) composition [°C]
[&] N B ™
E [B,\/?Sging strength of resin composition 58 76 49 76 87 57
(&)
= Peak top mol. wt. of main component
é in range of mol. wt. 70000-150000 - 123000 | 90000 73000 | 124000 | 144000
Peak top mol. wt. of main component
in range of mol. wt. 150000-350000 205000 | 155000 | 182000 | 157000 | 158000 | 180000
Stretching temperature [°C] 90 70 - 75
Heat shrinkage rate after 10 sec.
immersion in 70 °C hot water [%] 9 46 40
Heat shrinkage rate after 10 sec.
3 immersion in 80 °C hot water [%] 3 70 68
@ | Heat shrinkage rate after 10 sec.
E?_ immersion in 90 °C hot water [%] 63 76 7
E Heat shrinkage rate after 10 sec. 75 too soft 77 too soft | too soft 76
'~ | immersion in 100 °C hot water [%] to ffolfm to ff(')lrm to ffolfm
@ i oty i o afilm afilm afilm
5 Tgnsn'e elasticity in longitudinal 1280 100 1240
I3 direction [MPa]
& - — —
Tgnsn'e eloongatlon in longitudinal 200 400< 290
direction [%)]
Spontaneous shrinkage rate after
storage for 7 days at 40 °C [%] 23 107 78
Haze [%] 4.4 26.4 6.6




n-butyl acrylate1l7 mass% pre-hydrogenated butadiene24 mass%hydration rate 99% Weight-Average
Molecular Weight (Mw) 260000 420000 160000 [0092][Table 8] Ex. 13 Ex. 14 Ex. 15 Ex. 16 Ex. 17
Ex. 18 Resin Content Type of resin composition Ex. 11 Ex. 8 Ex. 1 Ex. 5 Ex. 3 Ex. 7 Content [mass%)]
90 75 85 80 95 85 Block copolymer (abbrev.) Content [mass%] (a) 10 (a) 25 (b) 15 (b) 20 (c)

-27-

[0089]  [Table 6]

Comp. Comp. Comp. Comp. Comp.
Ex.7 Ex. 8 Ex.9 Ex. 10 Ex. 11
.. | Block copolymer (abbrev.) (B) (G) (F) (N) (&)}
S 5 | Content [mass%] 70 50 100 100 40
¥ § Block copolymer (abbrev.) (P) ) (L)
Content [mass%)] 30 50 60
Conjugqtgd diene (zontent in resin 27 20 1 38 23
" composition [mass%]
S i i i
Z Vicat so.ﬂ'enlng temperature of resin 73 69 71 56 68
& composition [°C]
[&] N B ™
E [B,\/?Sging strength of resin composition 61 62 85 2 51
(&)
= Peak top mol. wt. of main component
§ in range of mol. wt. 70000-150000 91000 i i 120000 | 130000
Peak top mol. wt. of main component 168000,
in range of mol. wt. 150000-350000 202000 220000 224000 i 188000
Stretching temperature [°C] 90 90 - - 85
Heat shrinkage rate after 10 sec.
immersion in 70 °C hot water [%] 13 20 30
Heat shrinkage rate after 10 sec.
3 immersion in 80 °C hot water [%] 3 5 67
& | Heat shrinkage rate after 10 sec.
E?_ immersion in 90 °C hot water [%] 5 72 74
E Heat shrinkage rate after 10 sec. 63 76 too soft | too soft 77
'~ | immersion in 100 °C hot water [%] to ffolfm to ff(')lrm
@ i oty i o afilm afilm
5 Tgnsn'e elasticity in longitudinal 1290 1390 120
I3 direction [MPa]
& - — —
Tgnsn'e eloongatlon in longitudinal 150 20 400<
direction [%]
Spontaneous shrinkage rate after
storage for 7 days at 40 °C [%] 89 17 46
Haze [%] 232 4.6 6.7
[0090] Next, the resin compositions of the examples were mixed with vinyl aromatic

hydrocarbon polymers, copolymers consisting of vinyl aromatic hydrocarbons and
acrylic acid esters, or hydrogenated block copolymers consisting of vinyl aromatic
hydrocarbons and conjugated dienes to form resin compositions. The structural
characteristics of the polymers used for mixing are shown in Table 7, and the physical
properties of the resin compositions mixed with the polymers are shown in Table 8 and

Table 9.



5 (c) 15 Resin Characteristics Conjugated diene content in resin composition [mass%] Vicat softening
temperature of resin composition [C] 19 72 1576 16 73 17 77 11 74 12 83 Bending strength of resin
composition EM Pa] 62 68 65 66 75 62 Stretched Film Properties Stretching temperature [C] Heat
shrinkage rate after 10 sec. immersion in 70 C hot water [%] 90 10 90 10 90 9 90 9 90 10 90 8 Heat

shrinkage rate after 10 sec. immersion in 80 C hot wagter [%]

[0091] [Table 7]
Polymer Abbreviation (a) (b) (c)
styrene-n-butyl acrylate hydrogenated styrene- butadiene
Polymer Structure polystyrene y copolyr)rlmr "y ydrog block coypolymer
Polymer Composition butadiene 0 mass% | n-butyl acrylate 17 mass% pri;ZigEzgeﬂiliit%r:ariltzngg%24
Weight-Average
Molecular Weight (Mw) 260000 420000 160000
[0092] [Table 8]
Ex.13 | Ex.14 | Ex.15 | Ex.16 | Ex.17 | Ex.18
| Type of resin composition Ex. 11 Ex. 8 Ex. 1 Ex. 5 Ex.3 Ex.7
S & | Content [mass%] 90 75 85 80 95 85
& § Block copolymer (abbrev.) (a) (a) (b) (b) (c) (c)
Content [mass%] 10 25 15 20 5 15
% Conjugqtgd diene content in resin 19 15 16 17 1 12
£ | composition [mass%]
[ i e i 1 H
z 3 Vicat soft.enlng temperature of resin 72 76 73 77 74 83
o & | composition [°C]
© f i ™
S F'\;;;ging strength of resin composition 62 68 65 66 75 62
Stretching temperature [°C] 90 90 90 90 90 90
Heat shrinkage rate after 10 sec.
immersion in 70 °C hot water [%] 10 10 ° 9 10 8
Heat shrinkage rate after 10 sec.
8 | immersion in 80 °C hot water [%] 50 37 42 3 40 32
& | Heat shrinkage rate after 10 sec.
E?_ immersion in 90 °C hot water [%] 72 68 69 65 67 65
E | Heat shrinkage rate after 10 sec.
'S | immersion in 100 °C hot water [%] 76 72 7 72 71 72
£ | Tensile elasticity in longitudinal
L C 1380 1550 1500 1520 1700 1400
o | direction [MPa]
& ) . -
T.ensnle elongation in longitudinal 200 200 260 220 80 280
direction [%]
Spontaneous shrinkage rate after
storage for 7 days at 40 °C [%] 16 14 17 7 15 1.9
Haze [%] 5.5 7.0 8.5 7.7 6.2 8.8




50 37 42 35 40 32 Heat shrinkage rate after 10 sec. immersion in 90 C hot water [%] 72 68 69 65 67
65 Heat shrinkage rate after 10 sec. immersion in 100 C hot water [%] Tensile elasticity in longitudinal
direction [MPa] Tensile elongation in longitudinal direction [%] Spontaneous shrinkage rate after
storage for 7 days at 40 C [%] Haze [%] 76 1380 200 1.6 5.5 72 1550 200 1.4 7.0 75 1500 260 1.7 8.5
72 15202201.77.771170080 1.56.2 721400 -29-

[0093]  [Table 9]

Comp. | Comp. | Comp.
Ex.12 | Ex.13 | Ex. 14
. | Type of resin composition Ex. 7 Ex.10 | Ex.12
S & | Content [mass%] 65 66.7 60
¥ § Block copolymer (abbrev.) (a) (b) (c)
Content [mass%] 35 33.3 40
Conjugated diene content in resin
8 " o 9 7 8
£ | composition [mass%]
S ‘g | Vicat softening temperature of resin
o 2
& & | composition [°C] 86 80 58
© . . m
5 Bending strength of resin composition 75 91 52
[MPa]
Stretching temperature [°C] 95 90 70
Heat shrinkage rate after 10 sec. 7 6 40
immersion in 70 °C hot water [%]
Heat shrinkage rate after 10 sec.
8 | immersion in 80 °C hot water [%] 16 2 68
g | Heat shrinkage rate after 10 sec.
E?_ immersion in 90 °C hot water [%] 40 66 72
E | Heat shrinkage rate after 10 sec.
'S | immersion in 100 °C hot water [%] 62 & 74
% Tensile elasticity in longitudinal 1710 1950 120
© | direction [MPa]
& - — —
Tg—)nsnle elcgngatlon in longitudinal 30 <10 400<
direction [%]
Spontaneous shrinkage rate after
storage for 7 days at 40 °C [%] 12 1.2 123
Haze [%] 8.2 9.6 8.9
[0094] The results of Table 3 to Table 6 show that the resin composition of the present

invention excels in the balance of physical properties such as rigidity, strength,
low-temperature heat shrinkability, spontaneous shrinkage resistance and transparency,
particularly excelling in the rigidity and strength necessary when thinning the film. On
the other hand, comparative examples 1 to 8 using block copolymers other than the
structures claimed by the present invention and comparative examples 9 to 11 which use
block copolymers of structures claimed in the present invention but outside the range of
blending ratios were not able to achieve good rigidity and strength suitable for thinning,
or to achieve a good balance of physical properties such as heat shrinkage rate,
spontaneous shrinkage resistance and transparency, thus lacking in quality.
Furthermore, the results of Table 8 and Table 9 show that even when the resin
composition of the present invention is mixed with a vinyl aromatic hydrocarbon
polymer, or a copolymer consisting of a vinyl aromatic hydrocarbon and an acrylic acid

ester, or a hydrogenated block copolymer consisting of a vinyl aromatic hydrocarbon



280 1.9 8.8 -29- [0093][Table 9] Comp. Ex. 12 Comp. Ex. 13 Comp. Ex. 14 Resin Content Type of
resin composition Ex. 7 Ex. 10 Ex. 12 Content [mass%] 65 66.7 60 Block copolymer (abbrev.) (a) (b)
(c) Content [mass%] 35 33.3 40 Resin Characteristics Conjugated diene content in resin composition
[mass%)] Vicat softening temperature of resin composition [C] Bending strength of resin composition
EM Pa] 986 75 7 80 91 -30-

[0095]

and a conjugated diene, it provides a good balance of physical properties enabling it to
be thinned for practical use. The heat-shrinkable film using the resin composition of the
present invention may be thinned to 40 um or less, and is suitable for packaging various

types of containers.

INDUSTRIAL APPLICABILITY

The resin composition of the present invention is a material that is preferable for
thinning of a heat-shrinkable film, and a heat-shrinkable film using this material may be
used for various types of packaging films such as bottle labels and cap seals.
Additionally, while the resin composition of the present invention is particularly suitable
for use as a heat-shrinkable film, the range of applications is not limited due to the fact
that it has an excellent balance of physical properties, and it may be used appropriately
in applications to various types of molded articles including sheet forming, vacuum

forming, injection molding and blow molding.



8 58 52 Stretched Film Properties Stretching temperature [C] 95 90 70 Heat shrinkage rate after 10
sec. immersion in 70 C hot water [%] 7 6 40 Heat shrinkage rate after 10 sec. immersion in 80 C hot
water [%] Heat shrinkage rate after 10 sec. immersion in 90 C hot water [%] 16 40 24 66 68 72 Heat
shrinkage rate after 10 sec. immersion in 100 C hot water [%] Tensile elasticity in longitudinal direction
[MPa] 62 1710 73 1950 74 1120 Tensile elongat®in in longitudinal direction [%] 30 <10 400<
Spontaneous shrinkage rate after storage for 7 days at 40 C [%] 1.2 1.2 12.3 Haze [%] 8.2 9.6 8.9

CLAIMS

A resin composition comprising at least one type of block copolymer consisting
of a vinyl aromatic hydrocarbon and a conjugated diene, the resin composition (i) having
a Vicat softening temperature of 65 to 90 °C measured with a load of 10 N in accordance
with ISO306, (ii) having a bending strength of 58 MPa to 80 MPa measured at a test speed
of 2 mm/min in accordance with ISO178, (iii) a proportion of the resin composition
occupied by the conjugated diene being 10 to 25 mass%, and (iv) a molecular weight
distribution of the resin composition having molecular weight peaks from the block
copolymers consisting of a vinyl aromatic hydrocarbon and a conjugated diene
respectively in the range of molecular weight 70000 to 150000 and in the range of 150000
to 350000.

The resin composition according to claim 1, wherein the block copolymer is
composed of the following (I) and (II):
(I) at least one type of block copolymer in which a proportion of the block copolymer
occupied by the conjugated diene is 4 to 15 mass%; and
(I) at least one type of block copolymer in which a proportion of the block copolymer

occupied by the conjugated diene is 28 to 70 mass%.

The resin composition according to claim 2, wherein the block copolymer (II)

has at least one type of vinyl aromatic hydrocarbon polymer block at a terminus.

The resin composition according to claim 2 or claim 3, wherein a weight ratio

between block copolymers (I) and (II) is (I)/(II) = 50/50 to 95/5.

The resin composition according to any one of claims 1 to 4, further comprising
at least one type of polymer chosen from among the following (A) to (C) at a maximum
of up to 30 mass%:

(A) avinyl aromatic hydrocarbon polymer;
(B) a copolymer consisting of a vinyl aromatic hydrocarbon and an acrylic acid ester;

and



[0094]The results of Table 3 to Table 6 show that the resin composition of the present invention excels
in the balance of physical properties such as rigidity strength, low-temperature heat shrinkability,
spontaneous shrinkage resistance and transparency, particularly excelling in the rigidity and strength
necessary when thinning the film. On the other hand, comparative examples 1 to 8 using block
copolymers other than the structures claimed by-8# present invention and comparative examples 9 to
11 which use block copolymers of structures claimed in the present invention but outside the range of
blending ratios were natablgdeReNiRéR @ped Fiaidiy-aRdssiranati stitakie Ko hinBiig.erio achieve a
good balance of physical properties such as heat shrinkage rate, spontaneous shrinkage resistance
and transparency’ tHUSIEEIG' S quality. Furthermore, the results of Table 8 and Table 9 show that
even when the resin composition of the present invention is mixed with a vinyl aromatic hydrocarbon
polymer, or a copolymer consisting of a vinyl aromatic hydrocarbon and an acrylic acid ester, or a
hydrogen@ted block copo )gr%aérs%ré%sﬁ]% SHOTOEEANT Srohatie ?1531/%?835?%%%% 2"ard @ conjugated
diene, it providescaigoaddalance of physical properties enabling it to be thinned for practical use. The
heat-shrinkable film using the resin composition of the present invention may be thinned to 40 m or
less, and is suitable for packaging various types of containers. INDUSTRIAL APPLICABILITY
[0095]THElresin compositiornofitheusrestwathensemtiokeidediimateralitizat idapreferable for thinning of a
heat-shrinkable film, and a heat-shrinkable film using this material may be used for various types of
packaging films such as bottle labels and cap seals. Additionally, while the resin composition of the
present invention is particularly suitable for use as a heat-shrinkable film, the range of applications is
not limited due to the fact that it has an excellent balance of physical properties, and it may be used
appropriately in applications to various types of molded articles including sheet forming, vacuum
forming, injection molding and blow molding. -31 - CLAIMS [1]A resin composition comprising at least
one type of block copolymer consisting of a vinyl aromatic hydrocarbon and a conjugated diene, the
resin composition (i) having a Vicat softening temperature of 65 to 90 C measured with a load of 10 N
in accordance with 1S0306, (ii) having a bending strength of 58 MPa to 80 MPa measured at a test
speed of 2 mm/min in accordance with 1S0178, (iii) a proportion of the resin composition occupied by
the conjugated diene being 10 to 25 mass%, and (iv) a molecular weight distribution of the resin
composition having molecular weight peaks from the block copolymers consisting of a vinyl aromatic
hydrocarbon and a conjugated diene respectively in the range of molecular weight 70000 to 150000
and in the range of 150000 to 350000. [2]The resin composition according to claim 1, wherein the
block copolymer composed of the following (I) and (l1): (I) at least one type of block copolymer in
which a proportion of the block copolymer occupied by the conjugated diene is 4 to 15 mass%; and
(1) at least one type of block copolymer in which a proportion of the block copolymer occupied by the
conjugated diene is 28 to 70 mass%. [3]The resin composition according to claim 2, wherein the block
copolymer (1) has at least one type of vinyl aromatic hydrocarbon polymer block at a terminus. [4]The
resin composition according to claim 2 or claim 3, wherein a weight ratio between block copolymers (1)
and (1) is (I)/(11) = 50/50 to 95/5. [5]The resin composition according to any one of claims 1 to 4, further
comprising at least one type of polymer chosen from among the following (A) to (C) at a maximum of
up to 30 mass%: (A) a vinyl aromatic hydrocarbon polymer; (B) a copolymer consisting of a vinyl
aromatic hydrocarbon and an acrylic acid ester; and -32- (C) a hydrogenated block copolymer
consisting of a vinyl aromatic hydrocarbon and a conjugated diene. [6] A heat shrinkable film using the
resin composition according to any one of claims 1 to 5. [7] A container using the heat shrinkable film
according to claim 6.



