SPECI FI CATI ON TUBULAR MOLDI NG MATERI AL AND HEAT- SHRI NKABLE FI LM TECHNI CAL
FI ELD [ 0001] The present invention relates to a tubular nolding material,
“and a heat-shrinkable filmusing said material. BACKGROUND ART [ 0002] Wi | e
pol yvi nyl chl ori des have been conventionally used in the he filnms for
~shrink-wap and the |ike, the use ofl-bl ock copol yners consisting of vinyl
aromati ¢ hydrocarbons and conjugated di enes or resin conpositions thereof
has become nore common in reC%ﬁﬁKﬁﬁ [ofgere are a nunber of different
production nethods for such heat-shrinkable filnms, the sinplest of which is

a met hod known as tubul ar nol di ng. The production of heat-shrinkable
films using the above-nenti oned bl ock copol yners consi sting of vinyl
aromati ¢ hydr oTAMIHNSR MALDEIN GUJATERIAL AD IEAT-SHRY FiiMns t her eof

is difficult, and Patent Docunent 1 discloses a nethod involving strict
tenperature control of the stretching process in order to stabilize the
nol di ng. Furthernore, Patent Docunent 2 discloses that a certain type of

bl ock copol yner_cansij sti of vinyl aromatic hydrocarbons and conj ugated
dienes is suﬂ#%%f%l*%kaﬁgbtubular nol di ng met hod. Patent Docunent 1: JP
S50- 6673A Patent Docunent 2: JP HO7-216186A [ 0003] Tubular nolding is a

nmet hod _of produci a heat -shrinkable fi xtrudi.ng .a |ted resin
fromdffHar die i eP’fFéeqtd?Yﬁn&Pnégl?ﬁf)Eo,ag@ﬁf%ﬁoﬁéjpélr?atgg%lt% fing the
tenperature qf..the: 1 i L IGhH! a gas into the tube to inflate the
tube (hereina ?%$§¥% egpggqgg%as "bﬁ%%?% formng") and stretch the filmin
a direction perpendicular to the direction of flow. The force necessary to
stretch the filmby formation of the tube is obtained by injecting the gas
into the tubBACKGRIQUND ARTa difference between the pressure inside the
tube and the pressure outside the tube. [0004] A problemw th the tubul ar
filmformng nethod is that the filmextruded in tubular formfromthe die
is foll@@@by a pi Ménlepslydnrylsbiosides baw hesg convenbemllyamsdinthfr e, which can
result in bl ck'quﬁggmeen the inner surfaces of the film This makes it
difficult toqﬁ@%? Q]Filns apart again, preventing stable film production.
Furthernore, g %{Hﬂp@ﬂﬁﬂt 0 | AR bR RoPEIYBref dohbistihd off N film
form ng equi%l?rﬁesﬁftmt at fo dﬁmﬁgﬁ%?ﬁnﬁ using a pig%g rol | er atéa t enperature
near the sof+{iepl #ematit hydotarbhes arekdonjugategvdiendsiog nesin ¢eenpesititnar es. [ 0005] I n
tubular filmformation, the filmwdth is sonetinmes fixed by bringing the

i nflated tubtheraof baghasome mMmagk cHMEMOBFBrecant Yerry. Theftaved nupietehvent i onal
resin conpositjons consi.stin f vinyl.aromatjc hydrocarbon conj ugat ed
di enes, stab?l’égefqnltﬁf %ﬂe&?%iséor Sﬁ‘g?ﬁys p?‘c)kg%}é%’;é aeusémfiesféggsons such
as poor sli dapidhit ¥ bl EERRP& bt RRIGA! TN ring. [0006] Therefore,
there has been a demand for the devel opnent of a tubular nolding nateri al
using a resin conubsipkbdiuttion Gphétishgnleabid fleds wwinppthy aboveemasiigtedng of vi nyl
aromati c hydrocarbons and conj ugated di enes, having both bl ocking

resi stance arloa dogalyimeirs sonsisting abyinylaramats hY@P&ﬁ%@nsf Mdsogfugatest i on.

DI SCLOSURE OF, THE | NVENTI ON 10007] The .present i nyentiqQn has the purpose of
of fering a t JHEMSSOr FSEHFIRP HLHLP Elre%égiiﬁ%m\}‘i’ Fi’?l‘?iéaét %gnlg?ﬁ’uén W dr ocar bons and
conj ugat ed di i BpaR: b Rhthdl of HkidetdihoQfrobusb bl €
formation mhéﬁgggggaggﬁgﬂ%ﬁggw &iﬁggggg%$?%ﬁggfg film and a

heat - shri nkabherddrltostabiliag tieandding. d Foghemhae) Rdtent[[8208%hn2 distleseswor ds, t he
present invention can be summarized as follows. (1) A tubular nolding
materi al conphatd eegtain fyipapf blarlorrpolmenagnsistingefviapldremeaiéh) ugat ed di ene as
mai n conponents, the tubylar, nol ding naterial .coppri,Sin a

m crocr yst al |HEosERoNs 47 ﬁgmggﬂﬁgpﬁﬁﬁsﬁ&ﬁﬁ@ﬁeggqggﬁﬁwkaqﬂ@3§ﬁs K2235, of 75
Cto 98 C aqgeé%h a glyceride wherein the average degree of polynerization
of the glycerin backbone is 1-10, and a fatty acid ester group represented
by the gener apatépiaehimert COPP SE@663@h t hat the nunber of carbon atons in R
is 11-21. (2) A tubular nolding material in accordance with (1) above,
conpri sing O.Biett®@upent? By HRSHO6D6A he microcrystalline wax (a) and 0.01

to 3 parts by mass of the gl yceride (b). 3) A geatrs i.nkabl g filmusing
P M e MR R G P AN R e A S R P
covering material for use in PET bottles using a heat-shrinkable filmin
accordance with (3) above.



[ 0009] By using the tubular nolding nmaterial of the present invention, the
bl ocki ng resistance and slidability can be inproved, thereby solving the
probl em of bl ocki ng between filns occurring due to physical factors such as -
pressure fromnip rollers during production of filnms. MODES FOR CARRYI NG
OUT THE | NVENTI ON [ 0010] The tubul ar -#rol di ng material of the present

i nvention conprises a vinyl aromatic hydrocarbon and a conjugated di ene as
el n conponent,gyy, o AL Al RO GRBEAN: BicTh RHAGF BF QHHen%ﬁ_@@ffrie(t@%' and a
glyceride (b). [00I1] I'n tubular molding, the tubular film'is oftén fol ded
usi ng nip rol t@wsllirgatsi ng the filnms to be physically pressed, so that if
the tubul ar nolding material being used has a low nelting point or if the
filmis fol démpsraiuseoithp tubs) anskisjegling agastiatorthe fbedepdlaig hedubes stil | hi gh,
the filnms can fuse together an esul t. in blockjng, preventing stable

b oduct | on_ oft iR aarTEy v 21 hebbEdtmnuhand Sk B Bk erfiett can be
reduced by rajl.si.ng: t glr},sq'g i i t he

t ubul ar nol d?)h eﬂ%%%??é#ﬁ%egg{fégﬁésqﬁﬁgra veecrﬁgsse e gg?htr)ﬂ?é@%}j ci ng
stretchabi | i yrmatiofl ofl@ertaesis BBtairied Byhhjeftkitthb Bhy/intd the@ibd, BFRRMGIHEES .
Therefore, in order to achi eve good anti-bl ocki ng performance w t hout

rai si ng the gliffgencebatvgienitionpresiung ingidetthwetuire bud Hp prassord eutsidathd | | er or
addi tive having anti-bl ocking properties nust be added. [0013] Exanpl es of
fillers havi fanti - bl ocki ng properties include high-inpact polystyrene

(H PS) Nyl aro ' . QRQF %E‘E ' e % .._and/ or

(et h) Logp{i/ll ic aci g‘gﬁ)‘%}) yﬂ}’é@%@% 0SS al(r%g)) eagé{‘e%/ﬁ%?h%?%%ﬁc hydr ocar bon
copol yner  cr ogghidel ¢4 ne@d Sorn@ R the B3R idtdBRES piidk RolR$ béfokd &liRgads and
quartz beads. When requiting a fil mappearance with good

t r anspar ency, tathemutemparfatuse Rghicl taneswdt mrtdodkingyetweerathio dmref wetfideaof yl i ¢
acid ester and/qr (nmeth)acrylic acid co&glﬁwrer crossl i nked beads, and vi nyl

aromati ¢ hydr B€diBonTis ket Ayt o neskibg Tiffas arart 323 drevealng stablse

proporti onal -t i ller . he parts by
mass, prefer aﬁ%bﬁ’%ggénd Eﬁ%gl?{ﬂé&g’yﬁ%g@%ﬂlalghd& rrcnagg’e|crl)ﬁrQ Jecfeeeﬁgﬁﬂilo}%. 1to 3
parts by massgiidul ik @$ReEAmihS edUBridAf that RYIsTRS AR lisihB @ Jh@Gkl&QRAl Y Ter
conposition. [0014] Exanpl es of "addi ti ves havi ng anti-bl'ocki ng properties

i ncl ude slip &geertaureawar the ogidnig poiehéftharmdinamteaves highecteagendtsresof whi ch
sl i ppi n(% agents are nost conmon. Exanples of slip agents include fatty
aci ds, [fU8%k y aci d Tedulear filgformation, dhefifmgwidth iq sppetimes fixed hy BED@ngst er s
(gl ycerides), ,sorhi.t fat.t ci,d .esters. pentagrythritol fatt cid
cotors, st olB M b Ry YaRo BR EosTing s P e Eas i et SUele et or s,
as wel |l as po}exﬁlc%mljasi%ﬁﬁﬁmgﬁ&ﬁ\g asviR@ll ¥&hhd BRRoMENoRMAdRBhMBARRY | ene,

paraffin wax, mcrocrystalline wax, and petrol'atum 100151Si'nce tubul ar

nol di ng i nvol dieseseathble $ilro prafuctiomid ot dlways ipossilrlo fueltcerehsont kectf @r m of a t ube
followed i mediately by folding with nip rollers before adequate cooling,

t he anti - bl ocReHGlipgealFryitterespers o the coRliiedingd i mredi ately after extrusion,
in additian to whi.ch subsequent .processi ng. i nvolves fol di he filmby nip
or ter OPAS hot iR oG CE AER el o B e e Wb ha ¢ he
anti - bl ocki ngpy, el u@ﬁéa%ﬁ%ﬂiﬁo}é%n%m?ﬁ%gra HI@dm%P@lérH{e?s- _
Aside fromthe technique of adding afiller having anti-DbloCking properties
descri bed abowmgsisting bf Wihplckomgtiqiyabeddrb@s androtjegated dened hatingibgth
tenperatures by using hydrocarbon waxes having high nelti ng poi nts such as
pol yet hyl ene Waskinguisisimepgrbislabiity ingrdeigerepalla plabledilmeprodyetions f i n wax and
petrol atum Pol yet hyl ene wax, pol ypropyl ene wax and m crocrystalline wax
are nore preferable, and mcrocrystalline wax is nost preferable. [0016] The
mel ting poi ntpgéc @QUKE%P?HE%W]NTI@)N“BX’ in accordance with the JIS
K2235-5. 3.2 standard, should be 75 Cto 98 C. If the mcrocrystalline wax
has a nelting point below 75 C, the mcrocrystalline wax can easily nove to
the fikgpogurface, ”Pﬂé‘iﬁeﬁﬁ%%@ﬁﬁ& Ha@%@@ﬁg%@&%ﬁe% Bfﬂn%nﬁéﬂrﬂbldﬁ{gd | oweri ng
the printability of the film On the other hand, |% the mcrocrystalline
wax has a mel iategiaplodvig exeleednatc REGEocdrbenssipe etdnjozated didanen bs taint he film
surface will not be sufficient, so anti-blocking properties cannot be

qui ckl y achi evasepongpts) excelag & stabilityraf brblle dprmagioniwhyrimiedyqing t enper at ure
to obtain sufficient novenment speed, this makes it difficult to achieve
stabl e tube formation. The above-described JI' S K2235-5.3.2 standard
corresponds to the ASTM D1321 standard. [0017] The nelting point of the

m crocrystalline wax in the present invention is neasured by the follow ng
met hod. Equi pnent: Melting Point Tester (product of Meitech, product nane
Aut omat i cWax Melting Point Tester WWP-104) Test Method: In accordance with
JI'S K2235-5.3.2, a nelt sanple was attached to anercury bulb portion of a

o e .




was recorded. -6- [0018] The anbunt of mcrocrystalline wax added shoul d be
0.01-3 parts by nmass, preferably 0.03 to 1 parts by mass, nore preferably
0.1 to 0.3 parts by mass with respect to 100 parts by nass of a bl ock
copolynmer. If there is less than 0.01 parts by nass of mcrocrystalline
-wax, sufficient anti-blocking properties often cannot be achieved. On the
other hand, if there is nore than 3 parts by mass of mcrocrystalline wax,

Lhe Xt US! O iyl IS B ANCEIS LR BRNOBARN Pasing said WS g B2 1l O

mel ti ng point rocar bon-based wax al one, the venment speed to the film
sur f ageogggnnot  be 1€ oiksi HorRiHeprégnegi@uaintcan dadumtidrizodl as killogvspr oper ti es
sonet i mes cannot be quickly achieved. In order to obtain high-tenperature
anti - bl ocki ndl)pr opetubitles mokding nmteia) cerhprsing g vinyd arnmadic hydeogebared resin, a
slip agent with high nobi]ity should al so be used. [0019] The slip agent
‘with high mﬁ“ﬂiatcynﬁlﬁéﬁfidh%’ieé‘f;&%FWB@%?WE&GHL‘S%H néq%‘frﬁ‘lagents Wit h
sufficiently | ow sol ybili I lLa s iiak ubul ar
nol di ng mat er i airs" ngn%&g&%*g% mﬁ%‘ﬁ%@ %@%g%%fl@?}?ﬁ%ig d\%ﬁ/{f%]rl% matic
hydr ocar bons g5 ¢an5 bg 8l I hRias adfydeRite Miefeif GINBRIE dagikiop agent with
suitably high hydrophilicity, for exanple a polyhydric fatfy acid ester
such as a gl yedymerifatibh pf theglestiebaigione érI-Uk pnd a fatty aiid esterfgroey aci d
ester, a pentaerythritol fatty add ester or a sucrose fafty acid ester
shoul d pr ef errgpreyenied by By, sengrablopmaladi-5519)r igs glythggumbes of caghon o pyunt  of
gl yceride add«%d ShOﬁlldl bzg 0.01 to 3 parts by mass, preferably 0.03 to 1
parts by mas SORBHE bc'réf fably 0.1 to 0.5 parts by mass with respect to 100
parts by massgppf tpbﬁxbﬁia?%l&iﬁé%a\fé@:ﬂin fRotBcOlRE(1)RBde, cbfr1p'§:i|§§i§9| yceride
exceeds 3 parts by mass, the extrusion may becone unstable. [0020] The

gl yceri de shauidoBeastsbl nidsabf tha nhibecfyataljnesead(apand.0ytcotpatylgpr esent ed by
R-COO-, the nunber of carbon atonms in Ris 11 to 21, preferably 17 to 21.
If Rin the ghgeseftheslygside@ier than 11 carbon atoms, the conpatibility

wi th the hydrgcarbon- ed X..can_.be duced.;.as a_r t_of .which the
epeed of 18] P o e e R iR Ba Rt ettt

hydr ocar bon- Fll)%(z)gg&éiecrease, as well as nmaking it difficult to

provi de the tubular nolding material with suitable solubility. If there are
more than 23,(4) he Awgdecipg nlaterial joraaa irbPEDhettleousifg wheateskringable fithfd i cult to
achieve sufficient slidability with respect to the cooling rings.

[ 0021] Addi t i cregerdgncewigh () pb@ie de shoul d be such that the average degree of
pol ynerization of fhe. glycerin backbone is. 1 to 10 re preferably 1 to 4.
When tdqg&gjver age éfg‘}sé‘% %f%&q?ﬁg&lﬁ%?% HS#LOfttﬁ%PrgeF‘f/rggnﬁeﬁl F‘%Blz}l’c bone” exceeds
10, the hydr%@éﬁﬁgfeg%taa@@aﬂmd%ﬁ@y L0 ové@me?&)g! dolvdh fecul t toO
provi de an approprtiate solubility to the tubular nolding material having a
bl ock copol ynmbblanst Médkirg ftwednmlinsarconmingciveytd pbgsicdd farsora makchesn) ugat ed

di enes as the main conponent. Wile the hydrophilicity of glycerides is
comonl y indim%%bymﬁph@%ﬁlf%ﬂwﬁcﬂ%oﬁpﬂ%eri des used for the tubul ar
nol ding material of the present invention should preferably have an HLB
value of 3 to 16, nore preferably 4 to 12. If the HLB val ue of the
glyceride is ﬂ%ﬁg WSURBREE 1161 decrease too nuch, so that
sufficient slida Fff ??3%%‘?#%?@& I@ﬂit}!c[)lli !tmhgbz’:qgg?:NnQ ring cannot be obtai ned.
On the other hand, if the HLB value of the glyceride exceeds 16, the

conpat [obidgl ty witBreUiiiliaF m@Rjiﬂ% Ra Rl 6f th estANnb& oAt dERRlised BHinDD

di spersion in the resin difficult. [0022] Exanpl es of vinyl aromatic

hydr ocar bons 4rbaiatic Apdivearbsr dnd a cotijeged dienkiae mad cdnmeoriehtsc indoywet yer  of
the present invention include styrene, o-nethylstyrene, p-nethylstyrene,
p-tert - butyl sal§e egndain 2 mickpicristaliriesy P @hand o slicefid®hy | st yr ene,

a- met hyl st yrene, vinyl napht hal ene and, vi.nyl.ant hracene, . anon ich styrene
is pr e%gﬁ}ed. [002‘&?@%@%@8@%&’ %Eeotﬁlgﬂlé‘ﬁtﬁgﬁ lsd(i’r}%eﬁletgfdfeﬁa P@ant %ﬂ\é{t}}%ed in the
producti on of ﬁ'#fn&t% I leWENL: @B1diRe! ude

1, 3- but adi ene?ahgﬁlﬁe%ﬁy -1, %?Eéygg?]gr%&%?g%ﬁg%g t,He ihe

2, 3- di et hyl - harialbea ased had a3owp endltink poiat emnid tHe, fAmhie faddedhyp thearipng whi ch
1, 3-but adi ene and isoprene are preferred. [0024] The bl ock copol yner used in
the present irplerswhile thafilhdempadueeis il higo| quanéu%ﬁﬁg?@néf vi nyl
aromati ¢ hydrocarbons and conjugated dienes in a dehydrated organi c sol vent
using an organic lithiumconpound as an initiator, in the presence of a
random zi ng agent if needed. The organic solvent nmay be an aliphatic

hydr ocarbon such as butane, pentane, hexane, isopentane, heptane, octane
and i sooctane, an alicyclic hydrocarbon such as cycl ohexane,

met hyl cycl ohexane and et hyl cycl ohexane, or an aromatic hydrocarbon such as
benzene, tol uene, ethylbenzene and xyl ene. [0025] The organic |ithium

o o g, . Y



tetramet hyl et hyl ene diam ne, as well as cyclic am nes. Aside therefrom
tri phenyl phosphi ne, hexamet hyl phosphoram de, potassium or sodi um
al kyl benzene sul fonate, and potassi um or sodi um butoxide can al so be used
as random zers. [0027] The anbunt of these random zers to be added shoul d be
no nore than 10 parts by mass, prefetably 0.001 to 8 parts by nass with
[ﬁsp?_ct tof 128gf?'rts Cﬁi{mss ll?)tf%lth;e tot(;lltﬂl am)j)mt of rr;)_nomers a;:l_ded.bAs.for
etime o it il A I BrddeRPLOIBR ARl Ak cact i on begi ns,
or during the polynmneri zag(Fon? Ac#c}siqti oﬁlél ly, 1t ¢ n'qbe t:‘Yurt her suppl enent ed
as neefderd] [ 0028] Wikilddhadodkapodffeattandelrediced bg bhiging etk tempehitrewdy | S
treated by adding a -9- polynerization stopper such as water, alcohol or
carbon di oxi dhe glassaansiismrpoiist thetubnlar melding materid dhisialsodes thee t erni nal s,
to thereby inactivate the block copqglyner. The t hod.for recovering the
bl ok copol yHAPeRF Bl Al SABF BERTE CTO et irenBh R BGp 5B opr i at e
met hod, | ncl giagf, BBt e RlrePRUEAAG0 bitiSy ol AR, s REREnSO! vent
medi um such as thanol to cause prec?p%}it]ateisgg)lr?, a met ho ;gefr evg?)orati ng the
sol vent usi ngvifieaitirfiging @hd s t@hsﬁibﬁﬁbh{fafﬂ@maﬁgrﬂﬁ@@ﬂiaﬁmdrdr um dryer

met hod), a nethod of concentrating the solution using a concentrator, then
renovi ng t he aslditiverttaving angi-tdodking propertigelayust baafidednet hod of di spersing the
solutign in water - theg}gbl ﬁﬁn ng st ea%f eat and el rsiaaa e_the sol vent

(st eant®@di ppi ng) ExpoeEs prilers ApvnaAntiblagiing Preratissinciydle pigd-igmasknt

i nvention ca } t Al J {6 i r may be
a mxture of ’135)'1%‘?%1?%1?{@Bﬁy%ﬁ%ﬁnﬁaﬁ%%&ﬁfé&%ﬁa@r@res?Qcﬁ]?ce:}rcnma S|tve f}{oqit can be
used in a m XsgadtyLidladd ESpdBméndResshkddB AT Virfl GRn@tictydkdtutboal omat i ¢
hydr ocar bon pol ynmer;, a graft copol yner of a vinyl aromatic hydrocarbon

pol ymer and aopolymegatosslindied hegdsaarchipotgamizrbeads suchianyilicabaadaand hydr ocar bon
and a (neth)acrylic acid ester, or a polyolefin. The proportional content
shoul d pref er®% b88dsho nore than 30 parts by mass with respect to 100
parts by nass of b . r _ It T f .m xture may
be a method of ni Wﬁeg“ ke ‘Eﬁgﬁwaﬁe%$?§%g§€$ﬁ Tard), uorth Xt

bl endi ng sol WimNGInPf arb@tié BpReedrbMe (RERRRASR LS s Bnd etAfhc sol vent
by one of the net hogfs described abov(e. [Ooggj]aAsi de fron/?ﬂ%g sfhi Igmggents,
anti - f oggi ng agbnipslyang ceosslinketl dbads anglentd adesatid lgedloa@ibloorecopelyamgrl es  of

ot her additives include nmainly heat stabilizers and weat her_resistance

. ainly : .
agents. Exanpiresslighedrheads isiozefprapleer $he prapgeiionsheastint of Hiees f¥stP dant s such as

2-tert- but yI - o B Ugr s RUIAaR O ARSI RN L7 108 b 3 0By B pheny! acryl
211- (2- hydr Oxyi3nérePreferibly RERH ¥ pRREV RSV redp&t B 100%akts BYRaLk Bhenyl acryl
ate and n-octadecyl - 3- (4- hydroxy- 3, 5-di -tert - butyl phenyl | propi onate, and
phosphor us- bahetlcaktoptydanompesitionas 2, 2' - net hyl ene - 10-

bi s(4, 6-di-tert-butyl phenyl)octyl phosphite and L )

tris( 200814 - t er t - BXEPPH @geci@lavﬁﬁ&ﬁﬁménﬁfﬂ%ﬂ@@mt@g insfudgstiPher

resi stance a entts i nc{?ud.e benztot rci azigl e. .UV a?sof;bg_{gg 1juc;h as. .

2- ( 2- hydr oxy- ST &r V50BN 857 AYT BHERDHY 287 n Poy BISE 7B 4531 nd

hi ndered am R 4eaLWRRM. 1 ﬁ§ér§}51@§‘§f~asﬁ gl%@ﬁ@uﬁt‘l’tﬁ:i&fﬁt%y acids, fatty acid esters,
tetrakis(2,2,6,6-tetranethyl-4-piperidyl)4, 2,3, 4-butane tetracarboxyl ate.
VWi te oil andagy héid aneds] glyaain fatts acib estacsdglycerf 263 2¢rbitas éatigdaid | ves shoul d

preferably contained in an anount of no nore than 5 parts by mass of the
bl ock copol yresters prplesiyviirsal faftp addestaes, sicaese St avidhpiters angd pramileng t he

t ubul ar nol di teri f the present. .nvention, is preferably used for
ot ar | kapge Be ool AR elhs PoRaihb Years SenrerBhFT e Waree he
applied to p i i . | i . j |l ar nol di ng
mat er i al and%ﬁ@%ﬁ%&ﬁf%ﬁ?ngﬁguglgrdsyas’fa n%%fhg?kg%%%r ing to the

pr esengooizjvent i on Shaveuligamoldggy ihbsldesodeveiontol @ &:lteé pés@sRoin dialky possi bl e

enbodi ments of the present invention, and the present invention should not
be construed ths fdyei ofg thberfollewed fromet mtel Exakmiing widosiprplere beforay, t he

present inventjon shal|l be described in detail with reference to exanples,
but the presehtear?icEmingn S ok EoRT RS m&@%@mﬁ&mﬁ‘ﬁﬁe@d by these
exanpl es. [0035] [ Ref erence Exanple 1] (1) 490 kg of cycl ohexane were

| oaded into a reaction vessel. (2) 35.7 kg of styrene nonomer were added,

then 1600 m of n-butyllithium (10 nmass% cycl ohexane sol uti on) were added
while stirring at an internal tenperature of 30 Cto allow polynerization.




(3) The internal tenperature was |lowered to 40 C, 69.3 kg of styrene
nmononmer and 8.9 kg of butadi ene nononer were added at once, then the result
“was al l owed to adequately polynerize. (4) The internal tenperature was
adjusted to 60 C, 69.3 kg of styrene and 26.8 kg of butadi ene were added at
-once, and the polynerization was corpl eted. [0036][ Ref erence Exanpl e 2]
(1) 500 kg of cyclohexane were | oaded into a reaction vessel. (2) 8.0 kg
of styrene PW-ToloIcTc I : L LAl : ss%
cycl ohex anengag@gﬁ%%?gn\i\er e agcc’f\emcﬂég% t %ﬁlﬁké&gtgﬁté%ﬁlvh%% %Hg(}l&%%rféggr ature
of 30 C to alfigvbybaby i #84 hetwatel(Ehkh fetttd il strefchinkefhpkthtede, Sitinene
mononmer and a total of 13.4 kg of butadi ene nononmer were simnultaneously
added at a ccdhetatirblogkiopproperiiet ousibernchipect athdgher Ingeriigites. and 10. 7 kg/ h
whil e maintaining an_internal tenperature ag%]aq%(g‘ C, and .the state was

t

mai ntai ned for an Afsftimane ierRniats ¥radcins ettt ed.  (4)
After the butadi errt*;lns ‘?%?ﬂg@s?b%gg%%gﬁ%Mgg@gg@i&?%@a&%Vg& PHLAdI ene were

added at oncd'at a ernal t €nper at ur and polyneri Zati on was
al | oned t o copfipBH@ures bphsiRPh dﬂ%ﬁa&tm&ta‘kéﬂ’ﬂaﬁm%ﬁgﬂ' o Hefel oihit'subighs added at
once, and theglg%,l yrrFfri zygti og \9fvas conpl eted. [003 ][Reff!ﬁggrgnce Exanpl e 3]

(1) 500 kg ofpdiysthyibvexame pabpeopydadaday, micoerysedowivorx, pasffel wax 48 4. 0 kg
of styrene nononmer were added, then 1950 nj of n- bgty_l lithium (10 nmass%
cycl ohexane sstelatem Relyethylenswaxnreerropyiens wgx and gHcioptataliiie Wahper at ur e
of 30C to allow pol rization.. (3 .fotal.of of styrene nononer
and a total of" .’%ﬁ%gef Iiﬁ%’batﬁ't éﬂfcre(% TR P ?{#g aFfééheousl y added at a
const af@bmzdd' ti on Matgeihe HERPEGhE Yrﬁ&rﬁc%@@ll&e'@%cbir%@or&ﬁn& Wik fhenti | e

mai ntai ning an internal tehperature -12- of 80 C, and the state was

mai nt ai ned: f AK2286-5adeqaraiaed tshoglddfet78r°Ctth @8 &ddi I ilenmivascrysatfihetvex has (4)
After the butadi ene gas was conpl etely consunmed, 36.4 kg of butadiene were
added at oncer@melting poptdeloay 7% mapay gillingwex camepsgpavet? Bt i on was

al l owed to continue. 5).28.8 kg of styren mer re.further added at
once, and thﬁ&?ﬁ%ﬁ?’iéﬂ%ﬁle&a‘ﬁﬂggbeoaﬁﬁf%%g .C%[tg‘g "Fﬁlg\ﬁ?:‘ﬁ‘alﬂrm {l"éeri stics of
bl ock copol yngeg mnﬁgftﬁéﬁme X AMIVRS hhnd, 1P HeAhRAS Jhallifld FaXVBYs AT € Shown
in Table 1. In tﬁe t'abl e, A represents polystyrene blocks, B represents
pol ybut adi enembltiag keint Exdeeding 98 AC sthe apekonf bhoekenttuthBfiimpudsentidl t aper ed
bl ocks. [0039][Table 1] Reference Exanple 1 Reference Exanple 2 Reference
Exanpl e 3 A- xasbassfficigat gp antrblaskinglorepgsbips srspotbayuickly actpeved.

While there is a method of raising the film temperature to obtain sufficient

movement speed, this makes it difficult to achieve stable tube formation.
The above-described JIS K2235-5.3.2 standard corresponds to the ASTM

D1321 standard.

{0017] The melting point of the microcrystalline wax in the present invention is
measured by the following method.
Equipment:  Melting Point Tester (product of Meitech, product name
Automatic Wax Melting Point Tester WMP-104)
Test Method: In accordance with JIS K2235-5.3.2, a melt sample was attached

toa mercury bulb portion of a melting point measuring
thermometer, heated under the defined conditions and the
temperature at which the first drop fell from the thermometer

was recorded.



W.-avg. nmol. wt. of block copolynmer 200,000 200, 000 140,000 St/Bd (nmass%
rati o) 83/17 84/16 76/ 24 [0040] The bl ock copol yners of Reference Exanpl es
1-3 were mxed at a ratio of Reference Exanpl e 1/ Reference Exanpl e

2/ Ref erence Exanple 3= 33.3 mass% 33. 3 mass% 33.4 nmass%to forma m xed
resin conposition. Then, the slip agénts were added to the 100 parts by
mass of the m xed resin conposition in the anmount shown in Tables 2 to 4.

Then, poyd)i axi al  epfelaitifint m&&@fﬁmﬂmﬁ amohmmmgﬁéﬁgngt 200 G,

to obtaintubular nolding materials according to Exanpfeé

Conpar ati ve Exasspprserdbl$ 0.03he1 peits bnthappindkspeterbble 0Mit6 03Fyshel | i ne waxes
were neasured in conpliance with the nethod described in JIS K2235-5. 3. 2.
-13- [ 0041] [ Tabisevih) respch bpl ¥ patts by 3nags gf sblpclgeapolyme:. 11fthere s Isssl t i ng poi nt

of microcryst t?l|51|1 I()Ia? p\zll\rﬁ%g( b)g lgi?assl\lczaf1 Ihi%rooc%gtaic e wax, sufficient anti-blocking
properties often cannot be achieved. On the other hand, if there is more than 3
parts by mass of microcrystalline wax, the extrusion by the extruder carn be
unstable.

When using a high melting point hydrocarbon-based wax alone, the
movement speed to the film surface cannot be considered to be adequate, and
anti-blocking properties sometimes cannot be quickly achieved. In order to
obtain high-temperature anti-blocking properties immediately after extrusion of
the melted resin, a slip agent with high mobility should also be used.

[0019] The slip agent with high mobility should preferably be chosen from
among shp agents with sufficiently low solubility in the tubular molding
material. For tubular molding materials having a block copolymer consisting
of vinyl aromatic hydrocarbons and conjugated dienes as the main component a
slip agent with suitably high hydrophilicity, for example a polyhydric fatty acid
ester such as a glycerin fatty acid ester (glyceride), a sorbitan fatty acid ester, a
pentaerythritol fatty acid ester or a sucrose fatty acid ester should preferably be
used, more preferably a glyceride.

The amount of glyceride added should be 0.0% to 3 parts by mass,
preferably 0.03 to I parts by mass, more preferably 0.1 to 0.5 parts by mass with
respect to 100 parts by mass of the block copolymer. On the other hand, if the
glyceride exceeds 3 parts by mass, the extrusion may become unstable.

[0020] The glyceride should be such that in the fatty acid ester groups
represented by R-COO-, the number of carbon atoms in Ris 11 to 21, preferably
17 to 21.

If R in the glyceride has fewer than 11 carbon atoms, the compatibility

with the hydrocarbon-based wax can be reduced, as a result of which the speed



CO 00 00 CONH C 00 CT 00 01 00 C7N 00 cco Amount of mcrocrystalline wax
added (parts by nass) 6 mc; Nt-? 1 Avg. polynerization of glycerin
backbone in glyceride (-) 1 214121241%k--10

[0021]

[0022]

[0023]

[0024]

-7-

of attainment of the anti-blocking properties from the hydrocarbon-based wax
can decrease, as well as making it difficult to provide the tubular molding
material with suitable solubility. If there are more than 23, the hydrophilicity
can become too low, making it difficult to achieve sufficient slidability with
respect to the cooling rings.

Additionally, the glyceride should be such that the average degree of
polymerization of the glycerin backbone is 1 to 10, more preferably 1 to 4.

When the average degree of polymerization of the glycerin backbone
exceeds 10, the hydrophilicity can increase too much, making it difficult to
provide an appropriate solubility to the tubular molding material having a
block copolymer consisting of vinyl aromatic hydrocarbons and conjugated
dienes as the main component. While the hydrophilicity of glycerides is
commonly indicated by using HLB values, the glycerides used for the tubular
molding material of the present invention should preferably have an HLB value
of 3 to 16, more preferably 4 to 12.  If the HLB value of the glyceride is less
than 3, the hydrophilicity can decrease too much, so that sufficient slidability
with respect to the cooling ring cannot be obtained. On the other hand, if the
HLB value of the glyceride exceeds 16, the compatibility with tubular molding
materials can be reduced, making dispersion in the resin difficult.

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, a-methylstyrene, vinylnaphthalene and vinylanthracene,
among which styrene is preferred.

Examples of conjugated dienes that can be used in the production of the
block copolymer of the present invention include 1,3-butadiene,
2-methyl-1,3-butadiene (isoprene}, 2,3-dimethyl-1,3-butadiene, 1,3-pentadiene
and 1,3-hexadiene, among which 1,3-butadiene and isoprene are preferred.

The block copolymer used in the present invention can be produced by



No. of carbons in R of (R 000-) of fatty add ester in glyceride r-1 NN
1-1! NNr-t NN1-1 1-1 Ne-4 N1-1 T-1 1-1 HLB of glyceride mN, if; VD
tt; mt% ttl Ntri '".0 "zr e-4 N Anmount of glyceride added (parts by nass)
ri Lo d r-41 e-t r-4 .

polymerizing 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 randomizing agent if needed. The organic

solvent may be an aliphatic hydrocarbon such as butane, pentane, hexane,

isopentane, heptane, octane and isooctane, an alicyclic hydrocarbon such as

cyclohexane, methylcyclohexane and ethylcyclohexane, or an aromatic

hydrocarbon such as benzene, toluene, ethylbenzene and xylene.

[0025] The organic lithium compound is a compound having at least one
lithium atom bonded to the molecule, examples of which include
monofunctional organic lithium compounds such as ethyllithium,
n-propyllithium, n-butyllithium, sec-butyllithium and tert-butyllithium, as well
as polyfunctional organic lithium compounds such as hexamethylene dilithium,
butadienyl dilithium and isopreny! dilithium.

[0026] While tetrahydrofuran (THF) is often used as a randomizer, other
possibilities include ethers, amines, thicethers, phosphoramides, alkylbenzene
sulfonates, and potassium or sodium alkoxides.

Examples of ethers include dimethylether, diethylether, diphenylether,
diethylene glycol dimethylether and diethylene glycol dibutylether. Examples
of amines include tertiary amines, such as trimethylamine, triethylamine and
tetramethylethylene diamine, as well as cyclic amines. Aside therefrom,
triphenylphosphine, hexarﬁethylphosphoramide, potassium or sodium
alkylbenzene sulfonate, and potassium or sodium butoxide can also be used as
randomizers.

[0027] The amount of these randomizers to be added should be no more than
10 parts by mass, preferably 0.001 to 8 parts by mass with respect to 100 parts
by mass of the total amount of monomers added. As for ﬂie time of addition,
it can be before the polymerization reaction begins, or during the
polymerization. Additionally, it can be further supplemented as needed.

[0028] The block copolymer solution obtained in this way is treated by adding a



N1ld-1 [0042][Table 3] Conp. Ex. 1 Conp. Ex. 2 Conp. Ex. 3 Conp. Ex. 4
Melting point of mcrocrystallirte wax (C) 67 - 93 93 Anount of
“mcrocrystalline wax added (parts by nass) 0.1 0 0.1 0.1 Avg.

pol yneri zation of glycerin backbone in glyceride (-) 1 1 - 11< No. of
carbons in R of (R-000-) of fatty aéxd ester in glyceride 21

polymerization stopper such as water, alcohol or carbon dioxide in an amount
sufficient to inactivate the active terminals, to thereby inactivate the block
copolymer. The method for recovering the block copolymer from this block
copolymer solution may be any appropriate method, including a method of
pouring this solution into a poor solvent medium such as methanol to cause
precipitation, a method of evaporating the solvent using heating rollers or the
like to cause deposition (drum dryer method), a method of concentrating the
solution using a concentrator, then removing the solvent using a vent extruder,
and a method of dispersing the solution in water, then blowing steam to heat
and eliminate the solvent (steam stripping).

[0029] The tubular molding material of the present invention can use a single
block copolymer obtained in this way, or may be a mixture of a plurality of such
block copolymers.  Alternatively, it can be used in a mixture with another type
of polymer such as a vinyl aromatic hydrocarbon polymer, a graft copolymer of
a vinyl aromatic hydrocarbon polymer and a conjugated diene, a copolymer of
a vinyl aromatic hydrocarbon and a (meth)acrylic acid ester, or a polyolefin.
The proportional content should preferably be no more than 30 parts by mass
with respect to 100 parts by mass-of the block copolymer composition. The
method of mixture may be a method of mixing while melting with an extruder,
or a meéthod of blending solutions of the respective components, then removing
the solvent by one of the methods described above.

[0030] Aside from the slip agents, anti-fogging agents and anti-static agents
described above, examples of other additives include mainly heat stabilizers
and weather resistance agents. Examples of heat stabilizers include phenolic
anti-oxidants such as
2-tert-butyl-6-(3-tert-butyl-2-hydroxy-5-methylbenzyl)-4-methylphenylacrylate,
2-[1-(2-hydroxy-3,5-di-tert-pentylphenyl)ethyl]-4,6-di-tert-pentylphenylacrylate
and n-octadecyl-3-(4-hydroxy-3,5-di-tert-butylphenyl)propionate, and

phosphorus-based antioxidants such as 2,2’-methylene



17 - 7 HLB of glyceride 4.2 4.3 - 16.4 Anount of glycefide added (parts by
mass) 0.1 0.1 0 0.1 [0043][Table 4] Conp. Ex. 5 Conp. Ex. 6 Conp. Ex. 7
Conmp. Ex. 8 Type of slip agent used fatty acid amde fatty acid ester

pol yol efin .

[0031]

[0032]

[0033]

[0034]

[0035]

oxi de

-10-
bis(4,6-di-tert-butylphenyl)octylphosphite and
tris(2,4-di-tert-butylphenyl)phosphite.

Examples of weather resistance agents include benzotriazole UV
absorbers such as
2-(2-hydroxy-3-tert-butyl-5-methyIphenyl)-5-chlorobenzotriazole and hindered
amine

weather resistance agents such as
tetrakis(2,2,6,6-tetramethyl-4-piperidyl)-1,2,3,4-butane
tetracarboxylate. White oil and silicone oil can also be added.

These additives should preferably contained in an amount of no more
than 5 parts by mass of the block copolymer composition.

The heat-shrinkable film using the tubular molding material of the
present invention is preferably used for heat-shrinkable labels and
heat-shrinkable cap seals, and may also be applied to packaging films and the
like.

While the tubular molding material and heat-shrinkable film using said
material according to the present invention have been described above, these
represent only possible embodiments of the present invention, and the present

invention should not be construed as being limited thereto.

EXAMPLES

Herebelow, the present invention shall be described in detail with
reference to examples, but the present invention is not to be construed as being
limited by these examples.

[Reference Example 1]

(1) 490 kg of cyclohexane were loaded into a reaction vessel.

(2)  35.7 kg of styrene monomer were added, then 1600 ml of n-butyllithium
(10 mass% cyclohexane solution) were added while stirring at an internal |

temperature of 30 °C to allow polymerization.



silicone oil Chem cal nane erucic acid am de partially saponified nontanic

aci d pol yethyl e ne oxi de wax net hyl ph enyl polysiloxa -14- ester rie

" Product name Arnow P40 Licowax OP Licowax PED 521 1CF54 Manufacturer NOF

Corp. Clariant Japan "
(3)  The internal temperature was lowered to 40 °C, 69.3 kg of styrene
monomer and 8.9 kg of butadiene monomer were added at once, then the result
was allowed to adequately polymerize.
(4)  The internal temperature was adjusted to 60 °C, 69.3 kg of styrene and
26.8 kg of butadiene were added at once, and the polymerization was
completed.

[0036]  [Reference Example 2]
(1) 500 kg of cyclohexane were loaded into a reaction vessel.
(2)  8.0kg of styrene monomer were added, then 1280 ml of n-butyllithium
(10 mass% cyclohexarie solution) were added while stirring at an internal
temperature of 30 °C to allow polymerization.
(3)  Atotal of 110.0 kg of styrene monomer and a total of 13.4 kg of
butadiene monomer were simultaneously added at a constant addition rate of
respectively 87.8 kg/h and 10.7 kg/h while maintaining an internal temperature
of 80 °C, and the state was maintained for an adequate time after the addition
was completed.
(4)  After the butadiene gas was completely consumed, 18.6 kg of butadiene
were added at once at an internal temperature of 75 °C, and polymerization was
allowed to continue.
(5) 50.0 kg of styrene monomer were further added at once, and the
polymerization was completed.
[0037] [Reference Example 3]

(1) 500 kg of cyclohexane were loaded into a reaction vessel.
(2)  4.0kg of styrene monomer were added, then 1950 ml of n-butyllithium
(10 mass% cyclohexane solution) were added while stirring at an internal
temperature of 30 °C to allow polymerization.
(3) A total of 119.0 kg of styrene monomer and a total of 11.8 kg of
butadiene monomer were simultaneously added at a constant addition rate of

respectively 100.8 kg/h and 10.0 kg/h while maintaining an internal temperature



Clariant Japan Shin-Etsu Chem cal Amount of slip agent added (parts by
mass) 0.3 0.3 0.3 0.3 Melting point of mcrocrystalline wax (C - 93 83 67
Amount of microcrystalline wax added (parts by mass) 0 0.1 0.3 0.5

[ 0044] The tubular nolding materials of the exanples and conparative

exanpl es shown in Tables 5 and 6 wefi® subjected to filmformng tests
according to the nethods descri bed bel ow, using a conmon stretch preheat
type tubul ar offB(IJBﬁfaﬂﬁrﬂtg'&am&ﬁ%ﬁnt(ﬁ%ﬁ%laeﬁ{éﬁeg%tgwaf@?%adm MCE- 50)
having a water tark, its state was observed nd the resulting

heat - shri nkakt#® cbidplatsds al so eval uated in accordance W|th t he met hod
descri bed below. The results are shown in Tables 5 and J0045](1)The
tubul ar nol di(flg méfter tel butatienegas pras gompletsinronsemedritet kgef kedadiend n Tabl es

5 and 6 were | oad nto an extrud mel t - k d 00 C for adequate
pl asti ci zat i gFfTe t’“ﬁ‘gﬁd OrFe WWWQ‘EB“‘F }%Qﬁ %“aé N?zelwenéa RV

injected int d the tubes vvere cool ed fromthe outS|de by

sui tably bl ox?%”%gg?wg‘t%ﬁ?‘g inflate the tubes to an appropriate tube
dianeter. (2% ThesbuBessirme mdHodRE weYe flirthef 8ider £ cRes bhd gied at an
appropriate he| ght above the die, and the spacing between the die, screw
rotati on spegelyanetizatipn mak kenpkfpded were adjusted to obtain a filmw th an

average thickness of about 0.1 The ressu e from he ip rollers was
adj ustl8eB& o t he |3‘§§f—h%te%te%%*§wma Y&%SP@%{GW Piﬁel'%f the tube

from | eaki ng OE) cf hedumvpagla?é él%rv%l dl(aﬁ]e el e'tﬁﬁe {&Ee%&ldtsect ed after

bei ng fol ded fie np-r ers, i ng 'be en the filns was
eval uated in ep't\ﬂé& 8RG8 B herh r&%nﬁ»,t tatﬁa{t@sdldsteebﬁ@@deﬁwmﬁMG](A) Tube
| nner Surfac epar at i on Strength est Using the direction of
fl ow of the thidiks aidErrepreadittetapatedrbdaakat ed to "MD direction") and the
direction perpendicular to the tubes (hereinafter abbreviated to "TD

di rectﬁoﬁﬁ’]) a{ga@%b]ndards the coll ected tubes were cut |nto sarrpl es 15 mm

| ong in thebdrrectiomand—iI5—tnrton o the TD le(,tl f a mar ker
line was drawn at a location 4 cmfrom alliegeﬁ%“c(gf eg‘acf ]§e eﬁentc‘?t D

di rection. ing this as the boundary fli fxampled 'rh a@H?lﬁ' Palr side
wer e peel ed|Spatture sitdoddeppigaieed fi |l ns| wex-B-Pes )e@tCtBeAy f d-fetAbyl 90 at

t he boundary Wt! ' tholf@E IB¥ Blodk gj@mgersairrph@g pobhese 2@e0 set 14p,0mo Tejnsi | on

Tensile Tes BCITG TC- 1210 manuf actu DY [ A&, [RTTPENY 7] anchori ng
t he peel ed uﬁt d’tl %}’f)cl%'nnﬁuu wHh—a \..nii\..r\,éiguf?u the ?C}EEI atton Zytll efigth [ N]

when pulled at a tensile speed of 200 mMi m n was neasured. The neasurenents
15 to B04Beconds aheblocknomqlﬁmeewéw@mnceﬁxeﬂpkehﬁuwe woxes afpaptigeld, and

E Rue' sane Operl?tfergrlt]ce xamp?é) 1e e eldenE:ee amp E/Iie?erence xamptlerbe gélgr age val ue Z

mass%/33.3 mass%/33.4 mass% to form a mixed resin composition. Then, the
slip agents were added to the 100 parts by mass of the mixed resin composition
in the amount shown in Tables 2 to 4. Then, a uniaxial extruder was used to
melt-knead the composition at 200 °C, to obtain tubular molding materials
according to Examples 1-11 and Comparative Examples 1-8. The melting
points of the microcrystalline waxes were measured in compliance with the

method described in JIS K2235-5.3.2.



[0047] (4) After passing through the nip rollers, the fil mwas passed through
atank filled with hot water at 85 Cto performstretch preheating, and gas
was injected to inflate the filmand forma bubble until adequate contact
was nmade with a cooling ring (hereinafter referred to as a sizing ring) for
fixing the size of the tube in the 11&dial direction so as to obtain an
appropriate tube dianeter (this operation shall be referred to hereinafter
ﬁb‘ﬁ? [T Jihe-,pubbl e formation stability was evaluated in accordance
vvltht oIIovvln standards. [0048](B)Gas Injectability In order to
evaluate "gas injectability, the stjate of the Sugi}ﬁﬁﬁeof the inner s$urfaces
of the tubeg after injection of gas S jfudged by eyi, and ev%‘qmrq@j
according to the following criterid.1Gmd £ GH | The 6 nren surd aces ol the
tube are easily peeled apart by injiectlion oflgag _Eain (KEr)1Th 9 nie,
surfaces of Mﬂmhgjp@namfe peel ed apgrt |b¥ |ijiektiOn D YaH [Bufthere|is sonme
resi stance a %ﬂh@v@qec en tihe [imnes {ssunfaces |of tihe jtaubes ¢ apart,
or there ar ratijghg.y HqPr 4 1, € § Ner rTages of the
tube are bl ()(ﬁfmc;}% Hﬁ%ﬁrer soﬁﬁlﬁat tﬁ% f(il %i s{cn{} \Eﬁnenﬁi {I aliedl, glrn t he
filmis conmllﬁ’_‘é&‘g&&&ié’gm@ § t hat| Gastri-bet gahndt genfofred.

[ 00491( C) Sl i devisi PCPIYVEWQH?HSI@}WQTHM né ué 1v 4 roli d%r 10 £\ a‘Luaﬂ% e 1
€ id t hg
2

"slidabilty ;Wwatkbohbin gliyaridg ()i ng" slii dabi ljity bet ween 2 filllnland t he
si zi ng ring |, bPehrbHsa8 R SIIR-TOM@IS nt'1l ahi evi ngt adequat e ¢ont act

bet ween t he %pga%j%iargsgeg Plvcdite tYbge |and {hey giziing (14 gy \as |j pdged by
eye, and evattated—accordi-ngto th gtHtagwr qrjt I \‘A' .Tme
sliding betwearsé detihe and t he si sz‘ngé‘ri g%’s 45t Ig"aﬁd 'ﬁﬂeﬁg i]s 0 noi se
due to catching. Fair (Fr):-During dl8diag bdt@ach |the 3 bk |dhd 4 he? $i zi ng
ring, there |ifansonefglysaidhimlded cat|chi|ny |dhd & heD. rrtOJerﬁertO i| 9. ugft@bl e. Poor
(Pr): The tubgpirssigamady by the sizilng rsngl [resultiing in consijdenablie
deformati on OF tearing of the tube. [0050I(5)The fiTmwas extracted after
bubbl e ‘g [g"obq tslo obtain a heat-shrinkable film (D) Measurenent of Heat
Shri nki@g#! able The heat shrinkage rate of the heat-shrinkable film
was neasured by the follow ng nethod. MPIE€5nF 00 AHRLONIChint le MD
direction and 100 mmlong in the TD dirnctElnﬁ pere i %Jt fror‘gx&)
stretched film—(2)—These—sanples—werei-HH g i—hot abler 109 C for
10 seconds, Mﬂrbﬂga@@ryfmmmﬁdbnwam 1en6§ he|water \as 9g/| ped cgf3f and the
| engths L (q§C)of the sanples in the MDland TD|directions werle neasyred.
(3) The heat|-shbhimtkA88cro ]m@_rvpaxcal culated by the foll ow ng fornulja. Heat
Shrinkage Rat8abdlparishy1RsP - L)/100.0) x0100]|[0d51] | Tabile §] 01

Avg. polymerization of glycerin

1 1 - 11<
backbone in glyceride (-)
No. of carbons in R of (R-COO-} of
. . . 21 17 - 7
fatty acid ester in glyceride
HLB of glyceride 4.2 4.3 - 16.4
Amount of glyceride added (parts by 0.4 01 0 01
mass)
[0043]  [Table 4]
Comp. Comp. Comp. Comp.
Ex. 5 Ex. 6 Ex.7 Ex. 8
Type of slip agent used fatty .
acid | fatty acid ester POIY?IEfm silicone oil
. oxide
amide
Chemical name erucic partially polyethyle | methylph
acid saponified ne oxide enyl
amide | montanic acid wax polysiloxa




Exanpl es 12345617 8 9 10 11 -17- (l) Separation strength average
A(N) over 10 neasurenents x 100 6.6 5.3 6.0 6.0 4.5 4.7 4.6 4.8 4.8

-14-
ester ne
Product name Alflow . Licowax
P-10 Licowax OF PED 521 KF54
Manufacturer NOF . Clariant | Shin-Etsu
Clariant Japan ]
Corp. Japan Chemical
Amount of slip agent
. . . 0.
added (parts by mass) 03 03 03 3
Melting point of -
, - 7
microcrystalline wax (°C) »3 83 6
Amount of
microcrystalline wax 0 0.1 0.3 0.5
added (parts by mass)
[0044] The tubular molding materials of the examples and comparative

examples shown in Tables 5 and 6 were subjected to film forming tests
according to the methods described below, using a common stretch preheat
type tubular film forming machine (manufactured by Yi-Chen, model MCE-50)
having a water tank, its state was observed, and the resulting heat-shrinkable
film was also evaluated in accordance with the method described below. The
resulis are shown in Tables 5 and 6. _
[0045] (1)  The tubular molding materials of the proportional contents indicated in
Tables 5 and 6 were loaded into an extruder, melt-kneaded at 200 °C for
adequate plasticization, then extruded in the form of a tube. Next, a gas was
injected into the tubes and the tubes were cooled from the outside by suitably
blowing to stably inflate the tubes to an appropriate tube diameter.
(2)  The tubes were folded by nip rollers positioned at an appropriate height
above the die, and the spacing between the die, screw rotation speed and nip
roller speed were adjusted to obtain a film with an average thickness of about
0.Imm. The pressure from the nip rollers was adjusted to the least necessary
for the gas in a first stage of the tube from leaking past the nip rollers.
(3)  The films were collected after being folded by the nip rollers, and the
blocking between the films was evaluated in accordance with the standards
described below.

[0046] (A)  Tube Inner Surface Separation Strength Test



5.0 5.1 (Il) Gas injectability when stretching second stage tube -0 it Fr
Frr -cs -cs t "d t rd W(IIl) Slidability w sizing ring when

stretching second stage tube -0 re -c¢s rizi 1, it t 0O 'xi 7:1 75
(I1'V) TD heat shrinkage rate (% of resulting fihn 48. 7 49. 1
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Using the direction of flow of the tubes (hereinafter abbreviated to “MD
direction”) and the direction perpendicular to the tubes (hereinafter abbreviated
to “TD direction”) as standards, the collected tubes were cut into samples 15
mm long in the MD direction and 15 cm long in the TD direction. Next, a
marker line was drawn at a location 4 cm from an end of each sample in the TD
direction. Using this as the boundary Iine, the films on the shorter side were
peeled apart, and the peeled films were respectively folded by 90° at the
boundary line to form a T-shaped sample. These were set in a Tensilon Tensile
Testing Machine RTC-1210 manufactured by A&D Company, by anchoring the
peeled ends of the films with a chuck, and the separation strength [N] when
pulled at a tensile speed of 200 mm/min was measured. The measurements 15
to 60 seconds after initial application of tension were averaged, and the same
operation was repeated ten times to compute the average value Z [N].

[0047] (4)  After passing through the nip rollers, the film was passed through a tank
filled with hot water at 85 °C to perform stretch preheating, and gas was
injected to inflate the film and form a bubble until adequate contact was made
with a cooling ring (hereinafter referred to as a sizing ring} for fixing the size of
the tube in the radial direction so as to obtain an appropriate tube diameter (this
operation shall be referred to hereinafter as “sizing”). The bubble formation
stability was evaluated in accordance with the following standards.

[0048] (B)  Gas Injectability

In order to evaluate “gas injectability”, the state of the surface of the
inner surfaces of the tubes after injection of gas was judged by eye, and
evaluated according to the following criteria.

Good (Gd):  The inner surfaces of the tube are easily peeled apart by

injection of gas.
Fair (Fr): The inner surfaces of the tube are peeled apart by
injection of gas, but there is some resistance and noise is made

when the inner surfaces of the tube come apart, or there are



47. 3 47. 1 48. 5 48. 5 49. 0 46. 7 47. 8 47. 6 47. 3 (V) MD heat shrinkage
rate (%9 of resulting film9.8 11. 3 10. 2 9.9 10. 0 5 91 10. 95 929
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unstable vibrations.

Poor (Pr): The inner surfaces of the tube are blocked together so that the
filmis torn when inflated, or the film is completely blocked,
so that gas injection cannot be performed.

[0049] (C) Slidability with Sizing Ring
In order to evaluate “slidabilty with the sizing ring”, the slidability
between the film and the sizing ring during injection of gas until achieving
adequate contact between the outer surface of the tube and the sizing ring was
judged by eye, and evaluated according to the following criteria. |

Good (Gd):  The sliding between the tube and the sizing ring is stable and

there is no noise due to catching.

Fair (Fr): During sliding between the tube and the sizing ring,
there is some noise due to caiching and the movement is unstable.
Poor (Pr): The tube is caught by the sizing ring, resulting in considerable

deformation or tearing of the tube.

[0050] (5)  The film was extracted after bubble formation to obtain a heat-shrinkable
film.
(D)  Measurement of Heat Shrinkage Rate

The heat shrinkage rate of the heat-shrinkable film was measured by the

following method.
(1)  Samples 100 oam long in the MD direction and 100 mm long in the TD
direction were cut out from the stretched film.
(2)  These samples were immersed in hot water at 100 °C for 10 seconds,
immediately water-cooled, then the water was wiped off and the lengths L.
(mm) of the samples in the MD and TD directions were measured.
(3)  The heat-shrinkage rates were calculated by the following formula.-
Heat Shrinkage Rate (%) = {(100.0 — L)/100.0} x 100

[0051] [Table 5]

Examples
123 ]4i5;6:7 |89 ]|]10|11




10. 1 10. 4 [0052][Table 6] Conparative Exanples 12 345678 (1)
Separation strength average A(N) over 10 neasurenents x 100 10.9 20.3 13.6
25.9 50.7 51.5 44.1 13.8 (Il1) Gas injectability when stretching second
stage tube Fr Pr Fr Pr Pr

A7-

(I) Separation strength
average A(N) over 10 66153 |60160i45 474648485051
measurements x 100
(Hl)lGassti‘n Flczbﬂ;z:ond G |G Fr | Fr G166 16161616
when stretchmg d | d d|d|d|d|al|d]d
stage tube
(IIT) Slidability w/
sizing ring when G|G|G|G|G|G|G|G|G|G|G
stretching secondstage | d | d |d |d | d|d|d|d|d|d]d
tube '
gtz ;I;zl;‘;i::ﬁ“;kgage 48. | 49. | 47. { 47. 1 48. | 48. | 49. | 46. | 47. | 47. | 47.

(v}
fitm 7114131535107 |8]61|3
(V) MD heat shrinkage
rate (%) of resulting 9.8 1.} 10. 9.9 1o. 9.7 10 95|99 10. ) 10.
film 3 | 2 0 5 1| 4

[0052]  [Table 6]

Comparative Examples
1 2 3 4 5 6 7 8

(I) Separation strength
average A(N) over 10 109 | 20.3 | 136 | 259 | 50.7 | 51.5 | 44.1 | 13.8
measurements x 100
(I) Gas injectability
when stretching second | Fr Pr Fr Pr Pr Pr Pr Fr
stage tube

(III) Slidability w/
sizing ring when
stretching second stage
tube

(IV) TD heat shrinkage
rate (%) of resulting 437 | NT | 41.7 | NT | NT } NT | NT | 43.2
film

(V) MD heat shrinkage
rate (%) of resulting 134 | NT | 203 | NT | NT | NT | NT | 161
film

NT = not testable
[0053] The results of Tables 5 and 6 show that the tubular molding material of

Pr NT Pr NT § NT | NT | NT Pr

the present invention is such that even when the films are pressed together by
nip rollers at a high temperature, the films do not block together and can be

easily separated, so bubble formation during tubular film formation remains



Pr Pr Fr (111) Slidabili
Pr NT Pr
43.7 NT 41. NT NT NT 4
film13.4 0 NT

W sizing ring when stretching second stage tube
V) TD heat shrinkage rate (% of resulting film
2 (V) MD heat shrinkage rate ((Yr)) of resulting
NT

z-, 5
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stable, enabling a heat-shrinkable film excelling in heat shrinking ability to be
obtained.

{0054} On the other hand, Comparative Examples 1-4 containing
microcrystalline waxes and glycerides having structures other than those
claimed by the present invention, and Comparative Examples 5-8 containing
different types of slip agents did not provide blocking resistance between the
films and slidability with respect to the sizing ring, and thus lacked stability in
bubble formation and did not yield films of good quality.

Furthermore, those in which the amounts of the microcrystalline wax or
glyceride exceeded the claimed ranges were extremely lacking in extrusion
stability, while those in which the amounts were less than the claimed ranged
provided almost no blocking resistance effects or slidability with respect to the

sizing ring, and were not suitable for stable film production.

INDUSTRIAL APPLICABILITY

(0055} As described above, the tubular molding material of the present
invention is a material suitable for production of heat-shrinkable films by
tubular molding, and the films using this material may be applied to bottle
labels, cap seals and the like. Furthermore, aside from tubular film formation
methods, the tubular molding material of the present invention can be used
favorably in various other applications requiring blocking resistance at high

temperatures.



NT = not testable [0053] The results of Tables 5 and 6 show that the tubul ar
nol ding material of the present invention is such that even when the filns
are pressed together by nip rollers at a high tenperature, the filnms do not
bl ock together and can be easily separated, so bubble formation during
tubular filmformation remains -18-"'$table, enabling a heat-shrinkable
filmexcelling in heat shrinking ability to be obtained. [0054] On the ot her
hand, Conparative Exanples 1-4 containing mcrocrystalline waxes and

gl ycerides having structures other thgpAmese cl ai ned by the present

i nvention, and Conparative Exanples 5-8 containing different types of slip
agents did not provide blocking resistance between the filns and
slidability with respect to the sizing ring, and thus |acked stability in
bubbl e [tlor nat i on addubiilar meldipg aaterial compEHFng dydY dsamatc hydrocarbon

Furt her nore, thgse in m@ig? t he anounts ofttg$ @%@{ocnﬁitall%nelmax_or

gl yceride exc@BGaforigter SHens s Ma) SEmRan s G LhERY MALRE RF T lext r usi on
stability, “hkbﬁlEﬂﬂ%? in which the amounts were | ess than the clainmed
ranged provi ded glnn t no blocking resistance effects or slidability with
respect to thea)sizmigodristgllinantx\hardgrahelsivg pabiteasfdefined bypJ16 K225 0f
production. | NDUSTRI AL APPLI CABI LI TY [ 0055] As descri bed above, the tubular
mol di ng mat er i721°Cd¢ 98 e apdesent invention is a material suitable for

production of heat-shripkaple filnms b ubul | di.ng, and the filnms using
Phis o ori al (Boys BRCeifh Faueinghe drerpee f4ieh & pobiapeizatios L fhe st e,

Furt her nore, ' - OfT | hdigneds b Ig&%ﬂggﬁ,&& dipul ar nol di ng
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CLAI M5 [1] A tubul ar nolding material conprising a vinyl aromatic

hydr ocarbon and a conj ugated di ene as nmain conponents, the tubul ar nol di ng
mat er i conprisin

I ; a.mcrocrystalline wax haying a nelting point, as
ot fnedZby 31's. Koo SsmbyRt rIEnG G SRk arrhrdopy WGy acy FBPTRBE SO t he
aver age degre L i . i Qg?g i =10, .cand a
fatty acid esﬁgg%ﬁﬁgh%%Eﬁﬁégiﬁ%?8§£3§E@ﬁghé%ﬁ%?%Fpﬁgfnu mﬁ?%%%%&fg such
that the nunbehe giyc&aidyp) atoms in Ris 11-21. [2]A tubul ar nol ding
material in accordance with claim1, conprising 0.01 to 3 parts by nass of
the mcrocrystalline wax (a) and 0.01 to 3 parts by nmass of the glyceride
(b). [3]A heat-shri kable,fiLF1_sin a tybul ar Idiq%_qpterial in
accorddfce with cl & #patsiyinkeble amausing a pilanmeldinearaegal pascqrdanset pott | es
using a heat - il BkaPy g, 51 I min accordance with claim 3.

(4] A covering material for use in PET bottles using a heat-shrinkable film in

accordance with claim 3.



