TUBULAR FORM NG MATERI AL AND | TS HEAT- SHRI NKABLE FI LM DESCRI PTI ON
TECHNI CAL FI ELD [0001] The present invention relates to a materi al
for producing a heat-shrinkable filmby nmeans of a tubul ar nethod
(tubular formng material) and a heat-shrinkable filmusing it.
BACKGROUND ART [0002] Heretofore, polyvinyl chloride was used for a
heat - shri nkable filmfor e.g. a shrink package, but in recent years,
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npl est gr ocess, a production process called tubular nethod may be
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hy drocar u at ed oﬁ r'its resin conposition by neans
of a tul@,ud;@momjw and t he terrperature control in a stretching step
is to be precisely carried out so as to stabilize formng. On the
ot her hame] Redodind poPoryishiging wauselifs eleasBBkablbrRd fore @ ARhiKN ptiGe, Ot in BbadGkKars,
copol ynmeplsckeppebenetrfadegpf apinyl yrbmatic hgdnagarpog artd y chniametag diroapr G medin @mesiton by Be@@ed.
di ene arker e§m\ftraﬁlpe°eﬁ%9? f°tPF?éU°'t1$t}l!ﬁ]‘P%ch"Wélﬂeﬁ'tmaﬂd fiseGzplesTrineess. @ bredugiien Aretshod
is apr E?@f@;[ﬂt g"ea heat scrgrtll nkabl e fil m by duecxtrutdl ng a
rml ten 8%3 Q ij::’,:l\lin camﬁacon ugate dienee I?‘?F ISBPIT P?] t he

yUsingthe above oGK CO| ma Mposif
t ube at byameggrq ﬁﬁ&i@! Q‘iﬂ mpe a rgjt] aspétcﬁg %Ie Er c!’s niﬁ ? SO
as to e?—’ﬁ%ﬂdor&uﬁg énﬁoﬁbm%t%n’t bdehrfehitl 8 logegth§§ome
St r et ¢ himgatd fdriatinail bR RRRYiieIH 1A the Lifiat highod | ow dr r ect r on o
film A[OpE!NE'lrhe wGuhatedis & Ptces tof reddadg Apatshrakable illrﬁﬂ:yb)t’(ruﬁllk@;ﬁ miditeiabierom a ring-
f or mat i ehnared dintelairkattieranitmling thé it 4 Angerdinpéraure ard eheligécive enintt thetu@ st sitde
pressur &Py it hejeinafe ssres ieaschugbleéoriaties) Westrpehiag i @ Aisctiproneréndieuln tnige ok direirb bl e
by the ﬁf eé'Et"g f Q?i;eﬂfq”'feﬂ @rh%{” phing #”‘ toh e puipiformptionggs pe dwiswingd fomdlie|dijerence
conpr esSEdl T TS P BE e TS " HES AU B A Hrfeer Y BEs o PREE e
to for oa-’os?) BBy, am&agtdrapg.mt&qn@rh@taare%qutde&ttte U ttle% fam'?a atwett &%Lged
or the @@&ratureenhemtbbe isRRbriGIEY oF 84 dosifoR&f a PhdA r:ohronﬂcrtng
t he bubiohner dajSstdinhbrs he @ jnbl $leQCke o\ M3 BILEIDY adjldRd 403k ﬁl’st&ﬁi&e tﬁHb@tﬂJ&U{o@er‘T thd he
bubbl e iue iaditnstsydxtoedasretoe ek &hicksk Bierdifeehidissbl @ametiaimarade stighth ehaiigeb e
I S cont #¥ fdesthy reendernaidivd stighth ehprsborite titeH{Bearemafiesgegeratiorgereniaas Sarititegactors in
t hi ¢k neleiugon)giherphy pboprmelexppnsin (trtﬂﬂréﬂee?ftr@ﬁwagx exstiapreasgond prchefig foedhesecutsiqe
resin t i‘gﬁ“@?a&gﬂzﬁ?rggj{: i i:%%fﬂtg%%fz% ¥ ﬁabt; f’er% et%*ﬁ‘ frei naf t er gener ally
referr e ]E l@r%edb ct ogtgﬁontvltjleg %ﬂg% c r%qu:r dto s%&; co,nrgal e. eaﬁmun

expansi Qﬁr fekintb
| ocal | yp@et@dgus,erat Jﬁ,,hg) dsrare of bubbl e for natl on, and theref ore it will

be di f f paztilDbcutnent 8 tRALIARZI@BOAUCE the film [0006] In order to prevent
the occurrence of the excess expansion, it has been desired to

devel opD'épLﬁﬁltPéqua’HEWlfWNi s I ess influenced by the variable factors
in production i so _nmuch required to seriously control
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a tubularformng material excellent in bubble fornatl on stability i n

productmaas o Acconeds+ siaosikabl e film and particularly ft is an

obj ect of the present invention to provide a tubular formng material
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(1) A tubular forming material made of a composition comprising block copolymers each made of & vinyl aromatic
hydrocarbon and a conjugated diene, which has a uniaxial elongation viscosity at 88°C at a strain rate of 0.5 sec™!
satisfying the following formula batween 1.0 sec and 2.8 sec after initiation of elongation,




[0013] The inclination being |arge neans that a strong power is
necessary for stretching the film and as a result, the tube does not
tend to be excessively expanded and the bubble formation will be
stabl e, such being preferred. However,,if the inclination exceeds
0.5, it will be difficult to expand tr?e bubbl e as such, nanely, it
becones difficult to stretch the filmup to a desired stret chi ng
ratio. On the contrary, if ORE(iGkitREN 2.84.0)0Mer than 0.25, in a
case where the internal pressure of the tube is Increased so as to
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expanded. herein 3 copgepiiisn eHmprgP payhe foflchyiag Rlaghkyepolymer [1; Hae ogpolyrper [l anditock comolyrhn i,
tube is |iREsFP 'ES‘“ﬂ%("T"‘ﬁVIf P &g e R ${R049 W0 B2 cooling ring for

Lle)a(.lt ngh?: ﬁE algoc CO) agr?vﬂﬁr\%nsa )eﬂa;tkgop énlgrétl'srgeoy%vmﬁ%r %aﬁgé%clroa?r?oia anmot'qug[atad diene,
produce a heatC Ssa”rll n Such inclination is preferably from
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[ 0017] Further In the present invention, the reason that the
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conposi grredt cpfrubivedkionopol yners. The bl ock copol yner conposition
conprises the follow ng bl ock copolyner (i), block copolyner (ii) and
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REFERENCE EXAMPLE 1 [0041] 490 kg of cycl ohexane was charged into a
reactor. Then, 35.7 kg of a styrene nononer was added thereto, and
1,600 nL of n-butyllithium(a 10 nass% cycl ohexane sol uti on) was
added thereto at an intermal tenperaturg of 30'Cwith stirring to
carry out polynerization. The internal tenperature was decreased to
40' C, and 69.3 kg of a styrene nononer and 8.9 kg of a butadiene
nononer BEST MORE maRGABMEsUHTYHRYWedONheret 0o to carry out pol ynerization
sufficiently. 0042 Then, the internal tenperature vvas ad usted to
60' C, ar{efﬁg F f0|'61 fttﬁrl ﬁféhearﬁsantggntfgn e%sfntl%lp iISéIH nwscosﬂy {n)
si mul t ar{%eaﬂléef? % %qat ¥JS n};ﬁiaf%en& str?&) ciWB%formulabetweemo
sufficientl y. ﬁ’&% E%&WBL Kg of cycl ohexane was
charged into a reactor. Then, 8.0 k of a styrene nononer was added
thereto, and 1,280 niL of lﬁ'-’-bt;(i-?ﬁlﬂtaﬂlﬂmm)((asm))ms% cycl ohexane
solution) was added thereto at an internal tenperature of 30'C with
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was mnai népgpanieeh miexiB@in@tionais@tity ot endengapntimeef 2.4 sec.a t ot al anount of 110.0
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si mul t athe porsitign oftieldnd! atoetic Gtdycarion. Qoths ttizeniang, fthegrongtion POl @njlggddenedmitie
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pol yneri zati on was continuously carr+ed-out. Further, 28.8 kg of a
styrene nononmer was si nul ¢,8&e06a]MLOBHIQLR.8hej®l to conplete the

pol yneri zati on. REFERENCE EXAMPLE 4 [0047] 500 kg of cycl ohexane was
charged into a reactor. Then, 8.0 kg of a styrene nononer was added
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kg, weremstatitlistsamaaerskye tadiaraich fabatihonst ant rates of 121.3 kg/ hr and
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si mul tapnag"(:)uIa %o conpl ete the polynerization.
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react or {8 Bhsisri@Ohe umg@ adpPt yrene nononer was added ther e%

1,530 nL of n-butyllithium(a 10 nass% cycl ohexane sol uti on) vvas
(a) It has two tapered block portions in which the constitution ratio, in monomer units, of the vinyl aromatic
hydrocarbon to the conjugated diene continuously changes, and in a case where one of the two tapered block



9 [0065] The filmformation stability was eval uated by adjusting the
di aneter of tube A so that the stretching ratio in the direction of a
tube dianeter (hereinafter referred to as "TD') would be two tines,
in accordance with the follow ng calculation fornmula: TO stretching
ratlo (tines) = circunference of bubbl%® (cn)/cwcum‘erence of tube A

(c = inner rcu ere ce of s n /[ ci rcu ence of t
A (e (D 3 i % [ wgewg&ﬂ{bwﬁ% oER ki j

556} O arofhatic hydrucar o the conj te iene oocupled eac j( rtlon ]
ot rati on st Riobik b % na%” Eiﬁ AL GGLdy e itcb aged %t&

eval uat ed 'n(b)aaﬁé‘awoﬁ}élé}ﬁﬁal Wk JSBmBrh?tth F!c@bMyrﬂéJls§Blé‘éQ bri{herdhafiprotHe810 84 -8
reaches the isthddada@rohd bidgkporfbn Anddshaal €2 A0 &sd o Ho@@Edbnd) bRriShgZHe NGy aFoI‘nEll
since a tubayﬂr&areonm&ssmwabmetteaatfebaiseedpneferaﬂwrlarstwmsé%) Nunber of burst
of tube [0067] The TD stretching ratio was set to be double, and the
nunber of (Bl capplynisiiiishiss b'wé&sopﬁ:easmnde@amlewmaphvdnasborsqna@mmtpeydlem own
for 1 hourW“B’?ﬁﬂ@?esée BoyPHg: (g)taact(@ 0 0 1 ~a at Ieast two tines or

case where coul d nq I? O P_{e
. e dom ock portig ere er eferreg’to gs st
heat shri nk% nﬁ@iﬁ&l T\h ﬁ)dro ai Egl)é%rms:ﬁ furtﬁ!gé 1
was measur eqy; ¥na§s IQWnQI'hy q:rthe nE Qmeﬁ‘it Eo%glgt

squar e- shape;5§oe§§to§5)e0| men having a Ieng about 100 mm i n
filmflow ngd)dtl!eéﬂﬁ)*bte%a(ah[&fbﬂd:kl@f)lﬁn&Fhadie&:fo&d’pﬁr&;d(s'ﬁ Ehdars2) cW.n%gaaaﬂtgamése,ngt h
of 100 nm i nf fiddinviasmaiciydrottoon, aRlibe doaiert raiiplt@ibINE RorAGLES frimMMRI0S@Ek%| prefezebif Ot
wat er havi ndom énpesalagrden bé ioid @buntpighe @ cpersneld and taken it out,

t hen i mredi d% &3y 2 Blesbpaaign diarenattapgieress ops Biy nsee seiel of piodiogpddieamend ihpeopent he
length L1 (R NP aHE™P R4 TRt LACTEeY Mty T2ipes Bpsgston tigtalpla popolymer,

o1 | owt ng DafedtE i,l yosig) 1?@%‘?@%@@“%“*5%%%%? IRBR e B oo

Heat shri nkage (% = 00.012)/100.0)xl 00 [0070] Fromthe
results in ‘E&Maﬁatﬁ&dﬂ&eﬁfﬂ@n@lo&,pomdn (Heﬁlna‘ﬂelﬁfw}edt«ha&t"nm)hleuhtcmMoasﬂtutfmo]ﬁm ing
mat eri al of rbiveengniesrying amrelzhidorrboso thecartubated Hiene ls uriidah @ndfathentbd coramsito@and
t her ef ore i tatip @a3565% ihp Vigy! ﬁtf@'ﬁt’fbwbﬁcnboatﬂrﬂeaw@hﬁ piere dildhecR fis flomPEIR 854 1 €nt
in the heat p%ﬁ?ﬁ’?'*ﬂ? 5@@% ac & entrlhcssbl 0071% o thg to}”her gtsnngasso/i n
t Ihﬁcﬁif]:t ?I) Iﬁre rﬁg at eflasc%l massA af \§nyl i atgo%: Bsi} ﬁ I‘L tﬁ& g‘?]];1 (ﬁro% uch }Mka
the present gignvention, th LS “fmuttﬁ} DRI E T e athe |s B

i nsuf fi ci enty it AOEbIdk poiBShetciprRE&ERE© 24 B )%@@oiﬁy&ftﬁe}’doﬂ@at&ilﬂenet Hethe content
recovering ebpogiof df herB1 if B2 o sComTa hatiabSror xRl raassde, basedbalbb BtalGmbust of
wi t hin the thebtrfoedimer ange of Patent Docunment 2, and even when t he
present invention is corrpared wi th Conp aratlve Exanp it is found

that t hid*'higt et CFgg\Yﬁﬁ‘fH P oy abdrebeq?t%nf ”b'-||aﬁ9'}§ﬁ19t"ﬁppv§l°§l property

alance e i rin t e co i he
superi of 'L ﬁﬂ ; 322 %;E cuef 1—‘3% gL ENe, b %@TE‘#
Ref er ensi i @sfngs%@la o OLa pRbESK Fapel yHBh, (
( l ) ( | ) lesgthﬁruﬁ‘% WITE e |glcmr Rkl ra‘fe@% hY BBkle f§3aat|3-r;lsfag- mFEt:leE Lg'the$ 'th-g op-E;H)on ofl
(cont i neghy arofait Greda6 e ekosaBiEan chin Rerh erue@meekﬁgeadmln Be db@rioR&E, @REBEE: fiim
Exanpl eis kdly dyppee.of bl ock copol ynmer (i) CO (i)
[0022] Inthe composition ratio of the vinyl aromatic hydrocarbon to the conjugated diene in R1 of the block copolymer
(i} and block copolymer (jif), the rigidity deteriorates and bubble formation becomes unstable if the proportlon of the
vinyl aromatic hydrocarbon becomes less than 60 mass%, and if the proportion of the vinyl aromatic hydrocarbon exceeds
95 mass%, the strength deteriorates, the film rupture readily occurs, and further there is a possibility that the heat-
shrinkable obtainable is unpractical.
[0023] Further, each of the block copolymer (i) and the bock copolymer (i) has at least one bleck porffon containing
at least 5 mass% of the vinyl aromatic hydrocarbon, but if the proportion of the block portion In the case of one block
portion (S1 or 82} or the proportion of the total amount of the block portiens in the case of two block portions (S1 and
52) exceeds 30 mass% in the block copolymer, the glass transition temperature Increases, and the film easily breaks.
[0024] Further, each of the block copolymer {ii) and the block copolymer (i) also has the block portion (B1) made oi
a conjugated diene, and if such a proportion is from 8 to 14 mass% in the block copolymer, the strength becomes
insufficient though the rigidity is excellent, and further if the proportion is from 15 to 35 mass%, the rigidity is insufficient
though the strength is excellent. In the case of using one type of a block copolymer, it is difficult to develop physical
properties excellent in both of the strength and the rigidity, but in the case of using two block copolymers having different
properttions of BT in the block copolymer in combination, the physical properties excellent in both of the rigidity and the
strength are developed and the stretchability are improved. Namely, the block copolymer (i) has a proporiion of B1
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o-methylstyrens, p-methylstyrene, p-tert-butylstyrene, 2,4-dimethylstyrene, 2,5-dimethylstyrene, a-methylstyrene, vinyl
naphthalene or vinyl anthracene, and particularly styrene may generally be mentioned,

[0026] The conjugated diene to be used for production of the block copolymer to be used in the present invention
may, for example, be 1,3-butadiene, 2-methyl-1,3-butadiene(isoprene), 2,3-dimethyl-1,3-butadiene, 1,3-pentadiene or
1,3-hexadiene, and particularly preferred is 1,3-butadiene or isoprene.

[0027]  The block copolymer to be used in the present invention can be produced by polymerizing monomers of a vinyl
aromatic hydrocarbon and a conjugated diene in a dehydrated organic solvent, by using an organic lithium compound
as an initiator, and if necessary, in the coexistence of a randomization agent. As the organic solvent, an aliphatic
hydrocarbon such as butane, pentane, hexane, isopentane, heptane, octane or iscoctane, an alicyclic hydrocarbon such
as cyclohexane, methylcyclohexane or ethyleyclohexane, or an aromatic hydrocarbon such as benzene, toluene, ethyl-
benzene or xylene may, for example, be used.

[0028] The organic lithium compound is a compound having at least one lithium atom bonded in the molecule, and
for example, a monofunctional organic lithium compound such as ethyliithium, n-propyliithium, n-butyllithium, sec-bustyl-
lithium or tert-butyllithium may be used.

[0028] As the randomization agent, tetrahydrofuran (THF) is mainly employed, but other ethers, amines, thioethers,
phosphoramides, alkylbenzenesuifonates, or potassium or sodium alkoxides may, for example, be also used. Ethers
include, in addition to THF, dimethy! ether, diethy! ether, diphenyl ether, diethylene glycol dimethyl ether and diethylene
glycol dibutyl ether. Asthe amines, tertiary amines such as trimethylamine, triethylamine and tetramethylethylenediamine,
as well as cyclic amines may, for example, be used. Further, triphenylphosphine, hexamethylphosphoramide, potassium
orsodium alkylbenzene sulfonate, or potassium or sodium butoxide may, for example, be also used as the randomization
agent,

[0030] The amount of such a randomization agent is at most 10 parts by mass, particulzrly preferably from 0.001 to
8 parts by mass, per 100 parts by mass of all charged monomers. The timing of the addition may be before the initiation
of the polymerization reaction or during pelymerization. Further, it may be additionally added, as the case requires.
[0031] A solution of the block copolymer thus obtained is obtainable in such a manner that the block copolymer is
Inactivated by the addition of a polymerization terminator such as water, an alechol or carbon dioxide in an ameunt
sufficlent to inactivate the active terminals. As a method for recovering the block copolymer from the block copolymer
solution, an optional method may be employed such as a method of pouring such a selution into a poor solvent such
as methanol for precipitation, a method of evaporating a solvent by a heating roll or the like for precipitation (a drum
dryer method), & method of concentrating the solvent by a concentrator and then removing a sclvent by a bent system
extruder, a method of dispersingthe solution in water, blowing steam thereinto to heat and remove the solvent (a steam
stripping method),

[0032] The tubular forming materfal of the present invention can be obtained in such a manner that thus obtained
block copolymers (i), (ffyand (iii), and an additive is further mixedthereto as the case requires to prepare a block copolymer
composition. As the method for mixing, a method of melt-kneading isolated block copolymers with one another, or a
method of blending the solutions of the block copolymers with one another, followed by removing the solutions by the
above method may, for example, be mentioned.

[0033] As one of the above additives, a heat stabilizer for preventing heat deterioration, and a phenol type antioxidant
such as 2-tert-butyl-6-(3-tert-butyl-2-hydroxy-5-methylbenzyl)-4-methylphenyl acrylate, 2-[1-(2-hydroxy-3,5-di-tert-
pentylphenyl)ethyl)-4,6-di-tert-pentylphenyl acrylate or n-cctadecyl 3-{4-hydroxy-3,5-di4ert-butylphenylpropionate, or
a phosphorus type antioxidant such as 2,2-methylenebis(4,6-di-tert-butylphenyljoctylphosphite or tris(2,4-di-tert-butyl-
phenyl)phesphite may be used.

[0034] Further, as another additive, a weather resistance-improving agent, a blocking-preventing agent, an antistatic
agent or a lubricant may, for example, be mentioned, and they may respectively be used in combination 1o the extent
that it does not degrade the perfermance of the tubular forming material of the present invention. As the lubricant, for
example, a fatty acid amide, ethylene bis fatty amide, a diglycerin fatty acid ester, a sorbitan mono faity acid ester, a
saturated fatty acid ester of an aliphatic alcohol, a pentaerythritol fatty acid ester or hydrocarbon type wax may be
mentioned,

[0035] As a weather resistance-improving agent, a benzotriazole type ultraviolet-ray absotber such as 2-(2H-benzo-
triazol-2-yl)-4,6-bis(1-methyl-1-phenylethyl)phenol or a benzophenone type ultraviolet ray-absorber such as 2,4-di-tert-
butyl-4-n-octoxybenzophenene, or a hindered amine type weather resistance-improving agent such as tetrakis(2,2,6,6-
tetramethyl-4-piperidyl)-1,2,3,4-butanecarboxylate may, for example, be used. Further, white off or silicone ail may, for
example, be added thereto,

[0036] These additives are contained preferably inan amount within a range of at most 5 mass% in the block copolymer

compeosition.
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hydrocarbon polymer in addition to the block capolymer composition, but the centent of the vinyl aromatic hydrocarbon
polymer Is at most 30 parts by mass, preferably from 1 ta 10 parts by mass based on 100 parts by mass of the block
copolymer composition. If such a content exceeds 30 parts by mass, it is difficult to achieve a desired stretching ratio.
[0038]  Asavinylaromatic hydrocarbon polymer, high impact polystyréne, a vinyl aromatic hydrocarbon-{meth}acrylate
andfor (meth)acrylic acid copolymer may be mentiened. In order to improve the blocking property of a heat-shrinkable
film obtainable, it is preferred to blend high impact polystyrene thereinto. The blend ratio is at most 30 parts by mass,
preferably from 0.5 to 10 parts by mass, more preferably from 1 to 5 parts by mass, based on 100 parts by mass of the
block copolymer compaosition. in order to improve the processability or the low-temperature stretchability, it is possible
to use a vinyl aromatic hydrocarbon-(meth)acrylate andfor {meth)acrylic acid copolymer in combination, and its blend
ratio is preferably from 5 to 30 parts by mass, more preferably from 10 to 25 parts by mass, based on 100 parts by mass
of the bleck copolymer resin composition,
[0038] The tubular forming material of the present invention Is an optimum material for a tubular method, but it is
pessible to process this material into a variety of formed products by a commonly known methods such as injection
molding, extrusion melding, compression molding er vacuum molding in addition to the tubular method,

EXAMPLES

[0040] Now, the present invention will be described in detail. However, it should be understood that the present
Invention Is by no means restricted by such Examples.

REFERENCE EXAMPLE 1

[0041] 490 kg of cyclohexane was charged into a reactor. Then, 35.7 kg of a styrens monomer was added therato,
and 1,600 mL of n-butyllithium (a 10 mass% cyclohexane solution) was added thereto at an intemal temperature of
30°C with stirring to carry out polymerization. The internal temperature was decreased to 40°C, and 69.3 kg of a styrene
menomer and 8.9 kg of a butadiene monomer were simultaneously added thereto to carry out polymetization sufficiently.
[0042] Then, the iniernal temperature was adjusted to 60°C, and 26.8 kg of butadiene and 69.3 kg of styrene were
simultaneously added thereto to carry out polymerization sufficiently.

REFERENCE EXAMPLE 2

[0043] 500 kg of cyclohexane was charged into a reactor. Then, 8.0 kg of a styrene monomer was added thereto, and
1,280 mL of n-butyllithium {a 10 mass% cyclohexane solution) was added thereto at an internal temperature of 30°G
with stirring te carry out polymerization. While the internal temperature was maintained at 80°C, a styrene monomer In
atotal ameunt of 110.0 kg and a butadiene monomer in a total amount of 13.4 kg, were simultaneously added at constant
rates of 87.8 kgfhr and 10.7 kg/hr, respectively, and after completion of the addition, the system was maintained as it
was, for a sufficient time. After butadiene gas was completely consumed, 18.6 kg of butadiene was simuitaneously
added therete at an internal temperature of 75°C, and the polymerization was continuously carried out.

[0044] Then, £0.0 kg of a styrene monomer was simultaneously added thereto to cormplete the polymerization.

REFERENCE EXAMPLE 3

[0045] 500 kg of cyclohexane was charged inte a reactor. Then, 4.0 kg of a styrene monomer was added thereto, and
1,850 ml. of n-butyllithium (a 10 mass% cyclohexane solution) was added thereto at an internal temperature of 30°C
with stirring to carry out polymerization. While the internal temperature was maintained at B0°C, a styrene monomer in
a total amount of 119.0 kg and a butadiene monomer in a total amount of 11.8 kg, were simultaneously added thereto
at constant rates of 100.8 kg/r and 10.0 kg/hr, respectively, and aiter completion of the addition, the system was
maintained as it was, for a sufiicient time.

[0046] After butadiene gas was completely consumed, 36.4 kg of butadiene was added thereto all at once at an
internal temperature of 7¢°C, and polymerization was continuously carried out. Further, 28.8 kg of a styrene monomer
was simulianeously added thereto to complete the polymerization.

REFERENCE EXAMPLE 4

[0047] 500 kg of cyclohexane was charged into a reactor. Then, B.0 kg of a styrene monomer was added thereto, and
2,400 mL of n-butyliithium (a 10 mass% cyclohexane solution) was added thereto at an Internal temperature of 30°C
with stirring to carry out the pelymerization. While the internal temperature was maintained at 80°C, a styrene monomer



S1-R1-131-S2 S1-R1-81-S2 St/Bd in RL (mass% ratio) 91/9 92/8 92/8
90/10 88/ 12 11 (continued) Reference Exanple 3 Reference Exanple 4
Ref erence Exanple 6 Reference Exanple 7 Reference Exanple B Type of
bl ock copolyrmer (iii) (11) (Ili) (H) .{(iii) Proportion of St in Si
(mass% 100 100 100 100 100 Proportion of Sl based on the total of
bl ock copolymer (mass% 2 4 4 2 2 Proportion of St in 52 (mass% 100
100 100 mEQ@t@@unt of 114.0 kg and & butadiene monomer in a total amount of 8.4 kg, were simultaneously added at

constantrates of 121.3 kg/hr and 10.0 kg/hr, respectively, and after completion of the addition, the systam was maintalned

as it was, for a sufficient time. ‘

[0048] After butadiene gas was complestely consumed, 60.6 kg of butadiene was simulfaneously added thereto at an

internal temperature of 50°C to continue the polymerization. Further, 8.0 kg of a styrene monomer was simultanecusly

added thereto to complete the polymerization.

REFERENCE EXAMPLE 5

[0048] 500 kg of cyciohexane was charged into a reactor. Then, 80.0 kg of a styrene monomer was added thereto,
and 1,530 mL of n-butyllithium {a 10 mass% cyclohexane solution) was added thereto at an intemal temperature of
30°C with stirring to carry out polymerization. While the internal temperature was maintained at 80°C, a styrene monomer
in a'total amount of 88.0 kg and & butadiene monomer in & total amount of 13.4 kg were simultaneously added thereto
atconstantrates of 76.0 kg/hrand 26,8 kg/hr, respectively, and after completion of the addition, the system was maintained
as it was for a sufficient time.

[0050] Aiter butadiene gas was completely consumed, 18.6 kg of butadiene was simultaneously added thereto atan
internal temperature of 75°C to continue the polymerization. Further, 50.0 kg of a styrene monomer was simuitaneously
added thereto to complete the polymerization.

REFERENCE EXAMPLE 6

[0051] 500 kg of cyclohexane was charged into a reactor, Then, 8.0 kg of a styrene monomer was added thereto, and
2,280 mb of n-butyllithium (a 10 mass% cyclohexane solution) was added thereto at an internal temperature of 30°C
with stirring to carry out polymerization. While the internal temperature was malntained at 80°C, a styrene monomer in
a total amount of 124.0 kg and a butadiene monomer in a total amount of 1.0 kg were simultaneously added thereto
at constant rates of 112.7 kgthr and 10.0 kg/hr, respectively, and after completion of the addition, the system was
maintained as it was for a sufficient time.

[0052] Aifter butadiene gas was completely consumed, 49.0 kg of butadiene was simultaneously added thereto at an
internal temperature of 70°C to continue the polymerization. Further, 8.0 kg of a sfyrene monomer was simultaneously
added thereto to complete the polymerization.

REFERENCE EXAMPLE 7

[Q053] 500 kg of cyclohexane was charged into & reactor. Then, 4.0 kg of a styrene monomer was added thereto, and
1,690 mL of n-butyllithium {a 10 mass% cyclohexane solution) was added thereto at an internal temperature of 30'C
with stirring to carry out polymerization. While the internal temperature was maintained at 80°C, a styrene monomer in
atotal ameunt of 118.6 kg and a butadiene monomer in a totalamount of 13.4 kg, were simultanecusly added at constant
rates of 106.2 kg/hr and 12.0 kg/hr, respectively, and after completion of the addition, the system was maintained as it
was for a sufficient time.

[0054] After butadiene gas was completely consumed, 30.0 kg of butadiene was simultaneously added thereto at an
internal temperature of 70°C to continue the polymerization. Then, 34.0 kg of a styrene monomer was simultaneously
added thereto to complete the pelymerization.

REFERENCE EXAMPLE 8

[0055] 500 kg of cyclohexane was charged into a reactor. Then, 4.0 kg of & styrene monomer was added thereto, and
1,410 mlL of n-butyllithium (a 10 mass% cyclohexane solution) was added thereto at an internal temperature of 30°C
with stirring to carry out polymerization. While the internal temperature was maintained at 80°C, a styrene monomer in
a total amount of 118.8 kg and a butadiene monomer in a total amount of 15.2 kg were simuitanecusly added at constant
rates of 82.2 kg/hr and 12.0 kg/hr, respectively, and after completion of the addition, the system was maintained as it
was for a sufficient time.

[0056] After butadiene gas was completely consumed, 30.0 kg of butadiene was simultanecusly added thereto at an
internal temperature of 75°C to continue the polymerization. Further, 34.0 kg of a styrene monomer was simultaneously
added thersto to complete the polymerization.

REFERENCE EXAMPLE 8

[0057] 293 kg of cyclohexane was charged into a reactor. Then, 1,030 ml of n-butyllithium (2 10 mass% cyclohexane
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PVC PP with stirring to carry out polymerization.
[0058] Further, 65.7 kg of a styrene monomer and 25. 3 kg of a butadiene monormer were simultaneously added
thereto at an internal temperature of 35°C to complete the polymerization.

REFERENCE EXAMPLES 1010 17

[0058] The block copolymers in Reference Examples 10 and 11 are prepared with reference to Reference Example
1, respectively, the block copclymers in Reference Examples 12 and 13 were prepared with reference to Reference
Example 2, respectively, the block copolymer in Reference Example 14 was prepared with reference to Reference
Example 9, and the block copolymer in Reference Example 15 was prepared with reference to Reference Example 5.
In Reference Example 16, a general-use PVC resin for films was used, and in Reference Example 17, a general-use
PP resin for films was used.

[0060] The features of the block copolymers in Reference Examples 1 to 17 thus obtained are shown in Tables 1 to 4.
[0067] The block copolymers in Reference Examples 1 to 17 were melt-kneaded in blend ratios shown in Tables 5
and 6 at 200°C for from 0,03 to 0.05 hour by using a single screw exiruder {40 mm$ extruder, manufactured by Tabata
industrial Machinery Co., Ltd.) to obtain fubular forming materials shown in Examples 1 to 10 and Comparative Examples

T to 10.
<Measurement of Uniaxial Elongation Viscosity>

[0062] The uniaxial elongation viscosity of the tubular forming material for calculating [inclination between two points:
S} shown in each of Examples and Comparative Examples was measured by the device and under the conditions as
mentioned below. As a sample to be sued for the measurement, one having a tubular forming material meited into a
cylindrical shape with a diameter of 1 mm was used. Measurement device; Meissner model Melten Rheometer, manu-

factured by Teyo Seikl Seisaku-sho, Ltd.

Gil used: SRX310, manufactured by Dow Corning Toray Silicone Co., Ltd.

Measurement condition: Constant strain rate elongation, elongation strain rate: 0.5 {sec!] Measurament temperature;
88'C

[0063] The measurament results of the uniaxial elongation viscosity wera plotted by taking elongation time [sec] from
the initiation of measurement as an abscissa axis and common logarithm (LOG) of the uniaxial elongation viscosity
[Pa-sec] as an ordinate axis. Then, uniaxial elongation viscosities at 1,0 sec and 2.8 sec after inltiation of the elongation
were calculated respectively, the inclination S between the two points was calculated in accordance with the following
formula and shown as “inclination between two points: $" in Tables 5 and 6.

S=(LOG n,5-LOG 11,5)/(2.8-1.0)

[00E4] Then, the tubular forming material in each of Examples and Comparative Examples, which contains a compo-
sition comprising block copelymers (i), (ii) and (iii) in a blend ratio shown in Table 5 and Table 8, was subjected to a film
forming test in accordance with the follewing method by using a tubular fitm formation device (MGE-50, manufactured
by YI-CHEN K.K.) adapting an elongation preheating system by using a usual water bath, and its conditions were
observed and the heat-shrinkable film obtained was evaluated by the following method, and the results are shown in

Table 5 and Table 8.

{1) The tubular forming material having a blend ratio shown in each of Tables 5 and 6 was charged into an extruder,
and melt-kneaded at 200°C so as to be plasticized sufficiently, followed by discharging it into a tube. Subsequently,
air was injected into the tube, and further the tube was cooled by blowing an ordinary-temperature wind from the
outsida of the tube to obtain an optional tube diameter (hereinafter referred to as "tube A",

{2) The tube wes rolled up by a roll, then passed through a hot water bath at 88°C to carry out stretch-preheating,
and then alr was injected thereto again and expanded until the tube was sufficiently contacted with a cooling ring
for fixing size (hereinafter, such a ring is referred to as "sizing ring") in the direction of a tube diameter so that the
tube would have an optional tube diameter, whereby a bubble was formed (herainafter such an operation is referred
to as "sizing").

(3) A film after the formation of the bubble was taken up to obtain a heat-shrinkable film.
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15 Refe r[ﬁﬂ@ﬁ e The film formation stahility was evaluated by adjusting the diameter of tube A so that the stretching ratio in the
direction of a tube diameter (hereinafter referred to as "TD") would be two times, in accordance with the following

calculation formula:

TD strelching ratio (times) = circumference of bubble (cm)/circumference of tube A (cm)
= inner circumference of sizing ring {cm)/circumference of tube A {cm)

(1) Stability at the time of air injection

[0066] The film formation stability at the time of injecting air into a bubble was evaluated in accordance with the

following standard.
A bubble stably reaches the sizing ring: O
A bubble does not reach the sizing ring since a tube is excessively inflated or burst: X

(2) Number of burst of tube

[0067) The TD stretching ratio was setto be double, and the number of burst of bubbles was measured when alr was
stationary blown for 1 hour under a sizing state,

0:0

TtA

at least two times or a case where a bubble could not reach a sizing ring: X

<Measurement of heat shrinkage>

[0068] The heat shrinkage of a heat-shrinkable film was measured by the following method.

[0069] From a strefched film, a square-shape test specimen having a length of about 100 mm in the film flowing
direction (hereinafter referred to as "MD") and a length of 100 mm in TD was cut out. The test specimen was immersed
in & hot water having a temperature of 100*C for 10 seconds and taken it out, then immediately cooled with water to
wipe out moisture and then the length L1 (mmj in MD and the iength L2 {mm) in TD of the test specimen were measured,
The heat shrinkage was calculated by the following formula.

Heat shrinkage (%) in MD = {{100.0-L1)/100.0)x 100

Heat shrinkage (%) in TD = {(100.0-.2)/100.0}x100

[0070] From the results in Table 5 and Table 6, it is found that the tubular forming material of the present invention is
stable in bubble formation, and therefore it is possible to ebtain a heat-shrinkable film excellent in the heat shrinkage

characteristics,
[0071] Onthe other hand, in the case of Comparative Examples 1 to 3 and 5 to 10 in which “inclination between two

points: 3" Is cutside the range defined in the present invention, the stability of bubble formation is totally insufficient, and
it was impossible to even carrying out the recovering of a film.

[0072] Comparative Example 4 in Table & is within the technical range of Patent Document 2, and even when the
present invention is compared with Comparative Example 4, it is found that the tubular forming material of the present

invention is superior in number of burst of a tube,

TABLE 1
Reference Example 1 | Reference Example 10 | Reference Example 11

Type of block copolymer @ () {i)
Structure of block copolymer 81-T1-T2 81-T1-T2 81-T1-T2




Exanpl e 16 Reference Exanple 17 Proportion of St In S2 (mass% 100 -
- 100 - - Proportion of S2 based on the total of block copol yner
(mass% 25 - 4 - - Proportion of Bd in Bl (mass% 100 - 100 - -
Proportion of Bl based on the total of,plock copolyner (mass% 9 - -
10 - St/Bd in T1 (mass%ratio) - 69/31 58/42 - - - 13 14

(continued)

Reference Exampie 1 | Reference Example 10 | Reference Example 11
Type of block copolymer iy - )] {i
S¥/Bd of T1 (mass% 89/11 83M17 91/9
ratio)
Condition a)
St/Bd of T2 (mass% 72/28 8317 758/25
ratio)
Conditionb} | Propertion of Stin 81 100 100 100
(mass%)
TABLE 2
Reference Example 2 | Reference Example 12 | Reference Example 13
Type of block copolymer (D) {in (i
Structure of block copolymer S1-R1-B1-82 81-R1-B1-82 81-R1-B1-82
H 0,
Condition ¢) | SvEdin AT (mass% 89/11 92/8 78/22
ratio)
Proportion of St in §1 100 100 100
{mass%)
Propottion of St
based on the total of
block copolymer 4 4 2
{mass%)
Condition d) s —r—
roportion of 8tin 82 100 100 100
{mass%)
Proportion of 52
based on the total of 25 4 4
block copolymer
(mass%)
Proportion of Bdin B1 100 100 100
{mass%)
Condition &) Proportion based on
the total of block
8 12 7
copolymer (mass%
ratio)
TABLE 3
Reference Reference Reference Reference Reterence
Example 3 Example 4 Example 6 Example 7 " Exemple 8
Type of block
conalymer (iti) (i) (iif) (iii} (i
Structure of
block 81-R1-Bi-82 81-Ri-B1-82 S1-R1-B1-82 S1-Ri1-B1-52 S§1-R1-B1-82
copolymer
StBdin R1
(mass% ratio) 91/9 g2/8 92/8 20/10 8812
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(continued)
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Reference
Example 3

Reference
Example 6

Reference
Example 4

Reference
Example 7

Reference
Example 8

Type of block
copolymer

(i)

{iii) (iiiy

(i)

{ii)

Proportion of St
in 81 {mass%)

100

100 100

100

100

Proportionof S1
based on the
total of block
copelymer
{mass%)

Propertion of St
in 82 (mass%)

100

100 100

100

100

Proportionof 32
based on the
total of block
copolymer
(mass%%)

14

17

Proportion of Bd
in B1 (mass%)

100

100 100

100

100

Propottion of B
based on the
total of block
copolymer
(rmass%)

18

30 25

i5

15

St/Bd in 1
(mass% ratio)

TABLE 4

Reference
Example 5

Reference
Example 15

Reference
Example 14

Reference
Example 8

Reference
Example 16

Reference
Example 17

Type of block
copolymer

pvc

PP

Structure of
block
copolymer

81-R1-B1-
82

S1-R1-B1-

81-T1-82 s2

81-T1

St/Bd in R1
(mass%
ratio}

74/28

81/19

Propartion of
Stin 81
{mass%)

100

100 100 100

Propartion of
S1 based on
the total of
block
copelymer
{mass%)

40

16 8 50
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{continued)

Conp. Ex.

11H

Reference
Example 5

Reference
Example 9

Reference
Example 14

Reference
Example 15

Reference
Example 16

Reference
Example 17

Preportion of
Stin S2
(mass%)

100

100

Proportion of
S2 based on
the total of
black
copoelymer
(mass%)

25

Proportion of
Bd in B1
(nl';ass%)

100

100

Proportion of
B1 based on
the total of
block
copolymer
(mass%)

10

St/BdinT1
(mass%
ratio)

69/31

58/42
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J. xa idwo Etc IIlll - - YEE Et8 X Bl ock copolynmer _ . Her.
EX. 1 Ref. Ex. 10 Ref. Ex. 11 Ref. Ex. 2 Ref. Ex. 12 Ref. Ex. 13 |
Ref. Ex. 3 Ref. Ex. 4 | Ref. Ex. 5 Ref. Ex. 6 Ref. Ex. 7 Ref. Ex. 8
Ref. Ex. 9 Ref. Ex. 14 Ref. Ex. 15 Ref_,_ Ex. 16 |LI16E1 I C Type
of blot 1 copolymer 0) (10) oty ¥y (rrry o1y, (o) - :

INDUSTRIAL APPLICABILITY

[0073] The tubular forming material of the present invention is suitable for production of a heat-shrinkable film by
means of a tubular method, and such a material is also suitable for production of a heat-shrinkable fitm by means of a
tenter method. However, regardless of formation methods as the above, the heat-shrinkable film obtained from the
tubular forming matetial of the present inventicn hardly shrinks even when it was stored in an ordinary temperature for
& long perfod, and the film is excellent in anti-natural shrinkage.

[0074] The heat-shtinkable film using the tubular forming material of the present invention is particularly preferred for
€.g. a heat-shrinkable label or heat-shrinkable cap seal as e.g. a label for bottles, and such a film may be usefut as &
packaging film or the like.



0.l e puere | 15 I NDUSTRI AL APPLI CABI LI TY [0073] The tubular formng
material of the present invention is suitable for production of a
heat - shri nkabl e fil mby neans of a tubular nethod, and such a
material is also suitable for production of a heat-shrinkable film by
means of a tenter nethod. However, regl?rdl ess of formation nethods as
t he above, the heat-shrinkable filmobtained fromthe tubular formng
material of the present invention hardly shrinks even when it was
stored iomimsn ordinary tenperature for a long period, and the filmis
excellent in anti-natural shrinkage. [0074] The heat-shrinkable film
using tHe ﬁtm@tﬁ'ferpfoffuemﬁf%tfhwﬁﬂp'eﬁﬂm*a?eaféﬁfawh@r fhesseeirmatdriplbeing thade of agomposition
parti cul arf" é‘P%‘P Ché“aq of & vipybagmatichyFopaiba P 2 [copfygstted gigne, which has a
heat - shri R eé‘m?;e% n§t fafﬁ%cg GEN4ES A RRTe F BIEYRBES tledne fume beleen AP | m
may be useful” as a | 'a'mf(o eonﬁg filmor the like. 16 Clainms 1. A
material for produ0| ng a heat-shrinkable filmb means of atubul ar
met hod, said nmaterial beihgs+bO&nei-LeEnH28t1.8"0d0npri si ng bl ock
copol ymers each nade of a vinyl aromatic hydrocarbon and a conj ugated
di ene, whiwgdeihgganangreprasentadiaxillebmygat Hisednitias (Pa 0 bikyngatibn tthddk 1.0 B4 andi2.Sked, @i N
rate of 0.r&peslivey, Wheg atssgibngMdistrer icdé Howatimgisfooeterul a bet ween 1.0 sec and
2 8 sec afvhesinthesprrosiiet BRPEE thajolem opl@ppolymer(l) black copolymer (i) and block copolymer (i),
0. 25<( LCIB&?“'@"EW‘TB?SP(’?*"%“fi)"(ﬂ” 24 WHROPRO AfD and | represent
uni axi al %LIJ n Vlr\??tﬁ;cgél Ioc?co Qmermat?e oipa)vmi?‘ [¢] a!‘c% dg)atrblor(t)%dgconu at 'enel' 0
A4 ey AR S r et

sec and 2. 8 Bt e BBl measure
el ongati on vi sconeter V\/nerel n the conposition conpri ses the fol |l ow ng

bl ock copol ynas) it fds Jwo tabdraGkcx e iyWwhRH th dohshutiodvelio M rdme LR &Rk afoflt) |
and their bl emngiracaton @ tHernmasigAéd viateicainuakly heo€0dnd ik A Jasé whei2 Onetoothek®d Eidred O
40/ 20 to 40, (bloy*vartidnt ipeehesertidot Yiredthatiprishersdgiods pislonks kepresped ay Frpthe swambe  of
a vinyl aromatsl“?f‘a' BRI S BEY Veramals| “!(ﬁ' gpfoato tif @w@ateanc@a@ p&ich es
the fol | owing® ?{7,:; met;fr '37 QS’ﬁf‘“zﬁl 5;"{“9\@ e @ﬂg'aT 8 ions in

whi ch the consPfr§ Lfgneagt PO LFlo"r%cop UATEE " Vﬂ“ﬂé‘“’ TR EFEHRAL i
hydr ocarbon to the conjugat eo( d| ene continuously changes, and in a
case where @lﬂﬁ[oadccoﬂomﬁarirﬂlwlsﬁ@c@@d’o&@mmnﬁ&lﬁaﬁﬁ&ﬂzﬁdnﬁt@ﬁydh@arb@%ﬂfo‘é%ﬁt?o%e@s Ti
and t he ot hetichtsatisres watolbli@qd, (@etfdtd:on i S represent ed as T2, the

conposi tional ratio (mass%ratio) of the yird yl aromatic hydrocarbon
to the conj ug&l s el ereqrpdanpiodchotin nevdighthe capiiviendati| ipredaonoyntts, githe vis 75
to 95/5 to 25ai° Retih Ydf@ﬁ‘l’iﬂ"”é@"etcﬁi‘f”%?dﬁ’e’te@“E!fo“’ 3d fiyrgper the %‘?”t@t“’(mfé’aé@tmlﬁﬁ‘ée

termnal bl ock AP EIONGH® @EB e ’E’cﬁ S et
erm na OC% ?Snit 'Qqﬁ blo oﬁrrﬁ" fss i ’i‘%nﬁ%ﬁm iffiészéa ock

aromati c hydr s

copol ymer whi thtotaﬁan@un Q%c&qm

hydr ocar bon aggli ms e84tk pegiad ede Qlege &en.e caMaga@hld@atahdsﬁelc&&mtpnﬁmfop&f LLQN\A K
(c), (d) and ee&jonistrdnCto i4maltBtbaddt odlti@as of Ok dopfyEl@M b portion in
whi ch the constitution ratio, in nononer units, of the vinyl aromatic
hydr ocar bon(} &bleckeopeiumay wiglais e dioicepplisner made piiafvioy! ﬁ?maémlddrﬁcarmnmct a qohjegated
content rat F'ﬂ‘e(“i’i‘ﬁ?é%eﬁﬁfff"@y‘“&ﬁ (&)ﬁé(m nyl aromatic hydrocarbon to the
conj ugat ed di e racglinglf ortion is 60 to 95/5 to 40,

(d) at | east fng;tl ﬁ c%itE:Tthe bﬁ éed iene s ulr(:f]or 6835%1{12{&%050:0 masg( raf )0¥IE| gn
vi h
oft

contai ni ng at i(]ch Ed&‘énQ% he ARQTRLK orti% Qt océ%fs o4§’

the total amo@pue on§¥é |alaef oa,@rnrhmbio& hcR Bnekinibe e a/bl ﬁeSEd
0C

on the total a
portion nmade sg %ﬁ ;Eggg rgc;r;ﬁf é)tgekmtqfrgc’ “téggchébbcg??ﬁ’mi‘ﬂém&&’r‘?? Brfge besedon
proportion of gy s mmgoﬁenyqnhe c&fuggteqmeé i&h&émw@ﬁao%%&ﬁ &kt he

total of a bl QekonGARRIBImasstslBhska @ akdREd a HROQ I's a bl ock
copol ymer nade of a vinyl aromatic hydrocar bon and a conj ugat ed

di ene, ahiNehnaged dcsdding® dahwe, fviatednoe vrigkial diohgatioq Gdcosyet sd dgt z stralnfrdte dr b.s @S at
| east one satigiepd@rialidyling Dknujp batteeo0 seeenidif ehafdi@iatoomstnpdief i on ratio, in
nmononmer units, of the vinyl aromatic hydrocarbon to the conjugated

0.3<(LOGN25-LOGA1 0)/(2.8-1.0)<0.4.

3. The material according to Claim 1 or 2, wherein the blend ratio (mass% ratio) of {i)/(ii)/(iii) is 25 to 35/ 25 to 35/ 25 t0 35.

4. A heat-shrinkable film using the material as defined in any one of Claims 1 to 4.



