; e3e, vA6Tj }tf - s ~u~ 2003 METHOD OF PRODUCI NG | NFLATI ON FI LM APPARATUS
THEREFOR AND MOLDED ARTI CLES THEREOF BACKGROUND OF THE | NVENTI ON (Field of
t he Invent| on) The present invention relates to a method of produe] g
inflation "film an apparatus therefor, and an inflation film obtai ned

t hereby. More specifically, the invention relates to a nethod of producing
an inflation filmof which the nechanical properties such as tensile
strength, inpact strength, etc. and the thickness cammmmmmmmm E over w de
ranges, to an apparatus therefor, and toan inflatio i,m excel | ent
properties obtained thereby. (Descri pti on of the Prior Aifgefn

ul tra- hi gh-nol ecyl_ar .- wei I or_lppac rength,
abr asi on resi st ahter B Qgsggt fﬁ%@ﬁég& f‘fﬂ%ﬁgéﬁs% M%ngth to

t hose of general THERDEGRpANDIMOLRED ARITICGLEENTHEREQF eadi ng applications
as an engi neering resin. However, the ultra-high-nolecul ar-wei ght

pol yol efin exh|b|ts a very h|oher nelt- vrscoslty and poorer fluidity than

t hose of thBlgeRgHNY I ANVERTLAN Therefore, the

ul tra-hi gh- (piedd arf V\Ehghtimxﬂry‘oir.ehr)n al one cannot be nol ded by using a
mol ding rmachi ne g ?Séalntp%ﬁ‘?éﬁt&%'r%%ﬂ%@é }uerae“ﬂé@ oliNGfPr esent

applicant has previo ﬂ#& ed a net cin lraxially drawn
film by ext PEQSL IR dﬁhg At 18- ﬁedrmmrécape%%ttbemﬂoan PR
which is m grdih&lge: bonufidmfolt aiaed dlresebyapanesce Papenti fAddiTati on

Do ext ract eE 1L OB AT 4B S ROTy Peﬁwﬁﬁddggﬁﬁﬁﬁu%ﬁﬁ? zes mt

appl i cat i on3RIFREIRREALTL S |“61ah‘t= hids mefhpngtsdodeacrertiesy sugho003
_, 2 net hodasf tpnaediie ngtaengﬁhat inpatitl stwengithg atabeatde thavi ng a
mandrel th t a RN of. .an.extruder
W t hout us?‘%gﬁ.gkﬁe:és |§:&§es f%%gg%g‘%ﬁq’g g% q: gv fto £33 /1994) .
Accor di ng t%PPﬁF-?ﬁ#b? h‘éherl%ﬁ(&é‘i/eranﬁihéot @Bul BR ﬂ-ﬁﬁ%qmaﬁll@ @)&W%d is
turned sideggyel lpaidi pt:b@@ﬁﬁweypobtaﬁ@retd othégebgcone thin and | ower
portion to gsggg% l#fﬁn gausg ﬁr§b‘;:j )ce in the thickness between the
A-and T par n orde

upper porti ion r.to increase the rate of
production, furtHet MErarﬁéqlbtra?iﬁﬁuéﬁé‘eﬂ*’%%g ke Dedritp ke L s faadures
i ncreased asnpemanw ngmpacitnertassegth,t Ebrat ddnngespeetantet,he screw

gi ving Il sectgEheAeE UbpRIGR Ol cReRliobliam daat behalie igéteng% O L esin,

deterrorated ue t ric In order to eras
furt her nor ethPES O FERPER 4P EFRPESF 2 efips 'ar?r? %%a;@éd‘q-‘ér@th

There is al spreagriobd eappldic dthronappasatars dregineediargerssiad and its
i nstal | ati ogoRRYes b%ﬂgﬁﬁl“t!:?&—highQﬁ@qreéﬂQfgtéla(i%rP@t SygLhidaf | on

filnms dependi ypon t furthernore econes necessary to
#EBR

adj ust the Bt apVSEQ'ptl} "s’&cﬁ‘%'t‘ﬁ‘%??élstyr hPER& & mpact
strengt h asfhelidizsy t hkanhithlomssobf thiee generrasdpurpese opofliylole hims . wi de
ranges. In 'I‘h@We@(od{'Qe E‘H@V‘%ll”t?f‘&l-ﬁ'i%—tmﬁﬁar@%ﬁ ”ﬁ%l & P{RSEN

i nventors haye conducf ed ?’ﬁué{" ‘ﬁ robl ens, nd the fact
that the ned Qh‘lecatarb‘r‘%)ﬁe Js‘g% 95 ’H-:’alﬁac &ﬁfct oxr
strength, dgawierxga]r-aptnpprserrmﬁ.yreldfnmsti on and thickness can be adjusted

over wi de ranges,mﬁ@ﬁeearlétf lad Oﬁrég@ﬂfpaép§fléeh@%a0§rﬁkbvlraﬂ;§

nol ecul ar vve ht to.dro Ss th n th%se of "t he, conve ohal fil oduci ng

met hods, ﬁgPﬂE‘r‘F’gja tﬁ@ E‘ﬁ’& j producging a ;§agx n]rjeg a |aﬁ’“a$£i<‘t‘ruder

by usi ng a lsyr ew tdiwes hasi-mgp laing Dtbé atl t eash i§hamb hevnhgrawekimghel  whi ch

rotates |nd§8\%9q,q_rgf¥nofwt% eys Ofy 1601y erd fFydeamddigr §8g¢r @l rotating at
as

a speed as ossi bl e have conf i rrred that I he |nf % film

exhi bits exE Pﬁ&ﬁc%%ﬁer(tfa@sarb?sﬁn arent Rl AGREA AR YRei | yol efin,
and haye t h39arn)i vedwhent i is mebhodnmswtemplo@@ﬂ\m%@véhﬁ [aNVENTI ON
The obj ect gﬁ. al ‘?chfféfnltnl 'sq'."ec%' E%%%&rfrbﬁl tt‘i‘té)r&‘fhg?t ngdret hod of

produci ng a atron filmcap ab usting the nmechani cal properties
such as tenBPIlé’Cs]@%h@tﬁlamj q?ﬁﬁ%fllslﬂr é:iﬁﬂrh ‘a@emeaplascet:&m?g ratio in a
machi ne directiomigadpibisefitesspplithet rfdat fapthemmpyeposiede a anges, an
apparatus therefor, and an inflation filmwhich suppresses the reduction in
the nol ecul ar weight at the tinme of nolding, exhibits properties of an

ul tra- hi gh-nol ecul ar-wei ght polyolefin and features uniformthickness. The
present invention was proposed in order to achieve the above-nentioned
object, and features the formation of an inflation film by mmmmm‘ummnlmm

nmet hod by using a screw die having an L/D of at |east 5 and

mandrel which rotates independently of a screw of an extruder, Jfhgandr el

rotating at a speed as | ow as possible, the obtained inflation film
featurr ng excellent tensrle strength and |rrpact strength sr nce a drop in




- 9 JUL 2003 4 L/D of at least 5 and having a second screw and a mandr el
connected thereto, the second screw being permtted to rotate independently
of the first screw of the extruder, and blowing a gas into a tubul a8 Jbi 1208
of a nolten state forned by extrusion sAccording to the present invention,
furthernore, there is provided a nethod of producing an inflation film
wherein the rotating speeds of the first screw and of the second screw are
vari abl e i ndependently of each other, and the rotating speed of the second
screwis set to be lower than the rotatrng speed of the first screw
According to the present invention, furthernore, there is provided a nethod
of producing an flation filmwherei,n the ultr nol ecul ar - wei_ght

pol yol ef i n %& |%frPEQ4PQ&%Eo§Pt%Wﬁ a?ﬁoﬂog gﬁh%%ﬂu%hﬁﬁ 5 duke
Accor di ng tdiehéhgwrisent maredtebnthiadr tiheraes, aclemeasy pnovictied a net hod

of produci ngo%%ﬂﬂ%ﬁ%'foﬁ fgé whe e'art t&ﬁfﬁ&é@yﬂ%ﬁ&@t%%gg@e ght

pol yolefin i ra-h g%a ecu ene ing to the
present inve ﬁﬁﬁic%%EFe( Rﬁ%@ﬁﬁeg@%?ﬁﬁ) FQ &S atdehiRucPR

inflation fi/ledopyprising an extruder provided with a first SCFEM/ and a
screw di e havi ng -Qf I S h t he
extruder, wherei n@ﬁaégl%gmaédp Eﬁig %egdggo% s@%@%ggg’r att'h\;/mr'e'lé %T ates

i ndependent £y 188 Ehatf eﬁste%terwdalﬁaﬁarlere@oeﬁdeww i reeémtermtgqe

second screwhand péat ritget hes PetbridhetlsEg0ndds ke r apoodtieh ttebe die
in which thg ié i ns éﬁggn agd PAssagqe eétengi gkrn t he second
e nan%reF ﬁ #?EE g g

screw and i pot ccor Fesent i nven PaPther nor e,
there is prBeta@PRNtABpALRSE P@F éP@le,fI gt}aﬁ Lemest iRAr tiPm- whdiei n a
stabilizer bedds wumhe:d'eta(se the Fat 23 ﬁrﬁdu@ltd.cﬁf tﬂerﬂnee‘fnelre,

Aocor 61 ng L o pr goent IGNED' 98 (HU ISIATEP. 0S| EnpEQULded o

inflation fi mcorrprrsr ar - vverg %
anrrﬂrrnsrécﬂQﬂRﬁ@YynE _1 lQﬁrQPSPe&ﬂ th%IIQtéﬁdQStﬁﬁ%ﬁ e8§ &herom 10
to 1000 Vi mscidedy igivahyon: fdd mbuthberodvvt f@naet ofsid esdbeaft Anat break

of greater than 1080 KaLaW® 10 A-PRGhLIE did SgiLoRaand drepter than 1600

r t
kg/cn2 in atransverse 1 on ren reateér an 9500
kg cmcm aR¥SEY R:Q/aeaesa/wﬂhgh*s: m@ﬁ]ﬁﬁj&f thenrrre@r:m,t yferthﬁempman
thi ckness, at N reggeredharo l@mphoyAce midtidigel oottharpriasentasadent i on,

furthernDre IS an I i

ul tra- hi gh- m)#lgélfar ag%% mgglgg gfr nﬁtaé\}rg]ln%ﬂna engR’IrHeS %@%gg?ﬁuat br eak
of greater PR&PMLBOLRFLETSIZE ﬁﬁéhrlﬁes dinsealdatdan (ﬁEé%t‘t’%erﬁQﬁleFGOO
kg/cn? in awtigensverse direction, an inpact strength of greater than 9500

k m t hi ck 0 f I th
10 um ant an i nirineoE v rSCosi by E E‘l‘- PR had lgia%fp fﬂ%*“. flation
IlFraé"JIﬁ’b?tt

fil mbeing ﬁﬂﬁﬁﬁﬂnﬁyuﬂ94|?ﬁFtﬁ %Jhtl olyolefin in
an extruder beexdmessli ngeblss anmy teo attjusthitgie meéehandrcalkei phoppeltye=f i n
froma screwdiyp Qé‘vkaﬂfiﬁh&/&%n thh t‘%ﬁ&i ﬂﬁ&gthé r’ég-t HHHQI% 1high

r ot at es |nde enden € Screw OW Nng gas. I nto
the ol ten firlr rlﬁﬁsorqtedtlw Pﬁéaém% PGlé’&: mehOBef:hwarrri
inflation rmangesmla.dramnng ratio in the machine direction which are not

smal | er than 7. AfBOGQFdi¥3€ﬁ@ Bb%%@“ ﬁgﬁﬁantggﬂ hegqore, there is

provi ded an inf]ation | mwherein the u tra nol ecul ar - wei g

pol yol ef i n RS SHIRPERES/hitR RFR.EGPAr %‘I%‘h’foﬁﬁl PRy | erRd uBRFEFStudY
DESCRI PTI ONt6F sidiEv &RAYHNG ems , 9addl ha(a3 fodndg. t}her Faetsechaanéhevi ew of
an apparatu cq{aﬂtegfu&p tﬂé%a%h%%dfdé M ARERRd ng d&&@g ghﬁsent

i nventi on, ereinre mer a enot es an extru enot es
first screwlmRP%%n6F€§q£§ﬁw aVando FafetRt ER RaSdddifl Gtretion tes
an outer tukhitilenedd damtms adhasdeel ok debdeesanggas, pasdage, 26

denotes a s 7.de \ E D
EVBODI I\/ENTS%Q%EE{’M%%‘%@#I‘ Prgst%:rﬁ@ee‘%t#%%ﬂ?f??g‘% ‘llﬂ‘?%é © ﬁﬁﬁ?
present i nv@edighiti §oc6FQn nkasdi thad fesRl of 5?@d&9%ﬁﬁ%ﬁlpﬁﬁﬂatron
film whereifilanigabdbe irepimeshblst,haly aneslof £igdiae thammgphastib of at

| east 5 rotates independently of a screw of an extruder to extrude an

ul tra- hi gh-nol ecul ar-wei ght polyolefin in a nolten state. That is,
according to this nmethod of producing an inflation film the mandrel of the
screw di e having the second screw rotates independently of the first screw
of the extruder. It is therefore allowed to rotate the second screw at a
speed |l ower than the rotating speed of the first screw by increasing the

di aneter of the screw die and, hence, to prevent the resin from being
deteriorated by the heat of friction between the mandrel and the resin. It
|s therefore made possrble to produce an |nflat|on frlntenablrng the

T L o o M. o o o, T




- 9 JUL 2003 In the present invention, it is inmportant that the ratio of
the inner dianeter of an outer tube die 22 at a screw die outlet 20C to the
| ength of froman outer die inlet 20A to the screw die outlet ZOC:QJWPZWH
L/D of the screwdie, is not smaller than. 5, preferably, is not sma

than 15 and, nore preferably, is from20 to 70. Wen the screw die has t he
L/ D of not Iarger than 5, the thernoplastic resin is not conpletely
uniformy nelted before it is extruded fromthe die. Wien the air is bl own
into the tubular filmthat is extruded frgmthe die, therefore, the tube is
often nonuniformy inflated or is broken, making it difficult to obtain a
good film Though there is no partrcular upper limtatiaon, is desired
that the upp&SIn dE 8n ERFTEdABy PYr JAF1RHaA AF¥eWndiRe brﬁlr‘aJeIt-gcéFl poi nt

of view The/mtd® atfDlefagthes sehaWhdivelipsa amaglcatd DnevhiieH ordbates

productrvrt p C S i.n4the
B Though plie fap Bty PreRd SaL ‘rtt SERERR Rt bileRt O BB R b
bl own, too. P&t ENGasti & tSP%%dbﬁéwerht%stﬁé’Stﬁﬂkhﬂ-%r ﬁrlrdmrtﬁva nol t en
state, it |godgsirredt kalad hehé niha&lizy @t £0 1ins ¥ iBiREl /IxddBDeAL

preferably, from?7 20 ca 0 12 en the
inflation rgﬁQP? %%ﬁrgéfﬁquﬁﬁﬁg ﬁ?ﬁ4¥%&%$§¥%§ﬁmﬁe%8h econe nonuni form
in the tranpediyselef rnet iamd (Iroye BbstSd@rrsVﬁde athetheypraldante
orientationimnsexi@ibni.n the transverse direction, it becomes difficult to

i nprove necEﬁghﬁggiﬂgﬁgghéagg%ggﬁgégi%tensrIe strength and i npact strength.
When the in f n the other hand, the fil mbecones
turbid appearing Whetebdest entisthe mresentréovention phesmfioravastion,
it is desiregd vide Qf@wﬁﬁbdabfo ﬁbdﬁ@lﬂ?cﬁd“aﬁflaﬁwﬂﬂ1fflﬁOt

smal | er -9 Z00 tha 7 pr er abl 40 and

partrcularl Hééﬁﬁ ? agg %% t E(ﬂ@ﬁ&%@nﬁﬁ#i)E?PPﬁgtﬁﬁﬁuﬁﬁpﬁrF@btron
i's not |arg@emamﬁa7$trh@gﬁh|@®d tmpricdt | hrenigeh tandwetld s ndrawdnaas a
result, ther@%i&“&ﬁSabm@aﬂﬁhéoaﬁ&éeﬂiaﬁ“ahHeﬂH%%kﬂésg'H%ﬁﬂK@ (M@ and

in the transver.se dire tron 4 é% biti g great_fluct atronIP %
ochan cal BFORATIRE. Eiidh SVEE i aneng 5908 /DA IRPRAERERS ABSEEEGE -
exceeds 40, a@rd tae mﬁératnem fikm Mhnmh esuppPresaes upher agdugtiae in
present invehl Qiblébelial |v£éi<§>lﬁltr ati ard apdsel &f and PAEAGOf éﬂ@lblts

ci rcunferenti th of. the t qre infla

die outl et é’c%f%g?'lsy()fcaa}rbulf‘g?ga g‘é“% m?h%%rl‘ﬁ%rar%?ééggf %y§&fel%’

the outer tabe dieytesesharnsiferm thagkngssength of the tube after
inflated, and therldéapm:agerratlpnvant:ti@ﬁmn réigcifdd ORnSloxtisr feb a ratio

of the takeyi SRgdRE Lh% P NE0-k T, 0 wfesrteedax(a et Yelocthy) of

the resin fl own éserft Tnhven |on er nor e,
it is desi ré@rtnwattl@ne%ﬂ Afa- mé%aﬁérv@uﬁla#mm}@ygm Re¥ Y éradiar imethod
extrusi on- mblydefs frigaat ecpewvatdie Wamilmg SansudD Yo hi gbellel=lan 3t andel ting

oi nt but i h 5 h t
lrcr)ay vary depeﬁ\q%é t?lg‘nt:anéqeqka"'r'.l?i tﬁg{%‘% hd%{?é!ﬁ?ecu?f &&% 9,%9_»%‘,}
pol yol ef i n. ofhaf tPRTEREATS otrbnomepﬁigfqlenaa@‘ﬁafcm iat| émépererfhnat héow
mel ting poi Ak, gdwsiBien tﬂafwls%bﬁaltﬁe@l Qggﬁliatlidrhef:glm faldngitige
apparatus t n I C
tggperature%bomﬁﬁéﬁﬁs th % Etgghgﬂﬁhﬁ%dogﬂgﬁgﬁﬁ ??ggggéﬂj$%%ﬁsszc to
350C, that KR eh‘beFa?uF@]zﬁc‘Ehérr Wedidor £ FoF URPE9BSPR: SieR Gt EhSort i on
of the screwodiding éndmwhaﬂfmtf) ddeUeransisshah tdlee thi8kids£2003 9

terperature at tfg, Lt gred ALS ALY A LO,LNe ULl BACHLAN OF g ar ew

die is from 180C acture occdrs the's
di e, which iis d@:@va@ed arn@th@dapéd prmt#msnaocﬂrédl@sﬁéﬁtrw oﬁrém portl on
by the air t:taﬁtt pt Bs Al ehd ysbbpwnofr e lani gy arhl nglegal—meﬁwmtameaumaz«\er

or is cooled cool 0 r a

type that co?‘f@s/lq Plr]ty%r%'a%gg%o;tpag?’ \,&%’%{?ﬁ %dc#]wﬁﬁea |V‘{Jtt?%f 9‘3%0

is gradualIFdﬁﬁwmdebyr@dﬂkﬂcﬁ@@yu&mﬂﬂﬁhlghemohﬁp%l@FaUﬁMQQ# board and
is turned i B yofédlnf ihmLansi eéhnetdtd WorBhecessdyetheifi Nedviayl arand
is taken up by a product w nder. The film obtained 'according to thé
present invention can be heat-set in advance to | ower the thermal shrinkage
factor to smaller than about 10% As t he ul tra-hi gh-nol ecul ar - wei ght

pol yol efin, there can be preferably used an ultra-hi gh-nol ecul arwei ght

pol yol efin having an intrinsic viscosity [ n] of not smaller than 5 dl/g,
preferably, not smaller than 7 dl/g and, nore preferably, from8 to 25 dl/g
as neasured in a decalin solution at 135C. The ul tra-hi gh-nol ecul ar-wei ght
pol yol efin having an intrinsic viscosity of smaller than 5 dl/g fails to
exhrbrt satrsfactory nechanrcal propertres such as tensrle strength and

o o, A o o o o o o " I



That is, the screw die of the present invention has a second screw
separately fromthe first screw, and a mandrel coupled to the end of the
second screw rotates together with the second screw. Resides, the 9 g8l 2003
screw of the extruder and the second screw rotates at speeds independent of
each other, and the second screw can be rotated at a speed | ower than the
rotating speed of the first screw. Omng to this constitution, the

mechani cal properties of the inflation filmsuch as tensile strength,

i npact strength, drawing ratio in the mgchine direction and the film

t hi ckness can be adjusted over wi de ranges in the same manner as stated in
claim1. he .apparat us, f ucin thelnflatlonfll furtherm)re a
stabilizer” /%d Fs oﬁ?aga gt a?’ﬁgqb%‘élg? segcejz&E 260511 ?ﬂe mandrel in
order to pranvénelt lconneched fhasekal athgeisgropd| geirgw nbefinghe nol ten
state extr ikRdded Ofa‘caftea IHdepbhaamscy | bat L@ i t&He bearsyesse

direction e|n d byt essure_of_ the, a r bl air_ring.
Therefore,* g?‘%‘ﬂ“&f 1 f FPH. P@é%‘tﬂr%% fuBrert? ravg\gﬂf#?ﬁngé‘é‘nbr%%l si on.
The infl ata cmoltlem poatteedobyeadsiby ek rappeent us of the pr esent i nvention

has a d'fferencsic@%/faﬁ?g et e g é‘Eéh’Eurﬂﬁ\PéﬁE'i%%ﬁ Mal
thi ckness in the circu tial n of not giger than 10

Vim The dppeFst &S fE)‘FOYSFQS and“?*hleo nfJ atH \"‘Fllﬁ'ngofaq hER
i nvention fiilh wheheideshei redatimgr speeeisceof othke filiasit ngcrBef eamdng to
Fig. 1, annexifddelechld SE%ERPGH-M éQr&a@l@@ﬁd&éE&Wt%aM &K St

screw3 haV| ng a conpression ratlo of from ferably, from
1.3 to 1. Pthe€xor Ble| ToLFTHNG PSS Ylbe ﬁeé?l?d‘%fs?ﬁﬁwf irSt screw
3. It is destred bleatlohert thpeddld hesaxicomi speeshape tlepféwett t he
resin fromst ﬁw ng at the end of the first screw 3. A screwdie 20 is

provi ded at the endlﬁilthe tor edo 10, i.e., on the downstreamside in a
direction in whPSFAFRLIRGI ten th&iBFFFBRE IR veREARE ﬂ'}ff LRAEMQKSy of the
screw di e Zere at mxbtrided es metiodhefayrodhcthe taor penlbla®iothe screw
die 20 hasffllaewédréfﬁe%éluqtuaameghl_%lwpfsﬁ %«eltg*}ectgw dfinThe
second screw 21 Is rotated by a drive neans (not shown)” I nd dently of
the first basean3intwinedionyisarasily fHap Jaokolnaw emﬁérletmbbhdne522 in
which is fak/igd space of nearly a cylindrical shape which gradually
contracts towar icté&alpﬂg t@' ‘t?x‘ét' gan@ GndenfiBANAdral e kioeserted in

space of the outer tube an .end (upper

ndrel 23.is.secured, t
end) of thePSEBoRd sQ:’F%W‘éfdaﬁd I?eo&aggsolfoéﬁ%‘ePCLng A "2%8% at3iQR th the
second scrfilf®. whekeays phesadderd-h sghemede@dwl ahewsdapd podewlxfand in

the mandrels23y Ehecmpaﬁsmqe%wﬁswterl@nﬁ ol Qwamenehafl the second
screw 21 uptoéﬁ tabilizer hroug_h a netal

2 assi ng .t

Shart. in The aBSEoiitnoop RGP HGEERS TSR EaRTr [HHoT Rals
ul tra-hi grpmVed@ldarameagparp@gﬁﬂ@rnpp‘@ﬁ!@rmg snainfsapppnefilowar d t he
fT L ont si de%eﬁx %g.%ﬁ%ré&‘ijﬁlégtt&?@}&? r@fr?_@l\é‘iii 2 2h bhef;]grf@@\é?eféwlt@@alf

e screw dil e a 0] no er rereraply no er
Chan' 15 arfi. SREFY hi PABERS AomoD P 76 HRBSEaD i1 soprgr it
sectional aFeth&2esfd thf kbei exftmndenssspereirnnthet eErCneeIWadeeportl on 20H
of the SCV@&nﬁkgsté)s.aaS@é&bﬁﬂa's@f@@ ﬁanh tﬁ‘tﬁté@ébn fﬂd&b@ﬁﬁ%@ﬁﬁ togn end
20A of the secgnd screw i s from@_ﬁr ? o gref&leeab%gd frfone 8 to
1.5. Furth%p?ro EXTheSFRENS (385} of & él n of thg’ef esin
f1 ow passagecandasaxeveendoCosatér §é>|g@ﬁ1‘£ﬁ1e vothh&hrecseonad area S2 is
frO{ﬂ 2. P t@cﬁeg? . oﬁ{:té%elft:@@tey d:f.séi?gh?w@lit&l@%:ﬁe Theferal S_fgsf no 05
parti cul ar ronl e en e ratl o | r e 0 rom 0
D0, When 1RESEEA BPdn 8 FeamRe SHRF e SHR bE iRbvr SERETo ¢ en
resin is netreengnet ely thef ovandfekd. Wien the ratio S2/ S3’ exceeds 10, on

the other hand, A&, r&sh I%e%?déf P@Q@E’E%S SOvE8hedlord hatuithBegRims,
difficult to extr.usi on ul ar Basi cajly. as descri bed above,

the area ofDERE P&lPF?V&QeEag’ag‘%PB?rFﬁéISSE%V BEEBY HREoAEs narrow
toward t heinffketi KOCE dimt htheseiaw ai stabiatizer rbdughs t beupdresiv the i s
tapered, it is desired that the upper end of the screw die (portion on the

upper side of 20C) has a constant area of resin flow passage, i.e., renains
straight fromthe standpoint of maintaining a high dinensional precision of
t he nol ded - 9 JUL 2003 13 articles. The straight portion usually has an

L/D of fromabout 0.1 to about 0.5. The apparatus for producing the

inflation filmof the present invention has a significant feature in the
above-nentioned constitution. The apparatus is further equi pped, on the
downstream side of the screw die 20, with a stabilizer plate for folding
and tak| ng up an |anat|on f|Im31 haV| ng a thlckness of from 10 to 1000

I ”~ . o



14 pressure gauge 11 of Fig. 1 lies within a predeterm ned range. The

nol ten parison extruded fromthe screw die 20 is taken up at a speed faster
than the speed of extrusion. Then, the parison is inflated at a -9 JUL 2003
predetermned inflation ratio mﬁth a gas released fromthe end of the
stabilizer rod through the gas passage to thereby obtain an inflation film
The third invention of the present application is concerned with a
honogeneous inflation fil mobtained by the above-nenti oned net hod and
apparatus, and having nearly a uniformtgnsile strength in both the machine
direction and the transverse direction, having excellent inpact strength

wi thout flugtuation dn_ithe thlck ess over the whole filmsurfaces. The

inflation 1 nﬁaBFl l?%slé‘ﬁfldlr ntion conprises an
ul t r a- hi gh- nol ec@lcmo iggt tpolthsl @resanti dgvwenthoni nfuerbhiemusrey [n] of

not snall ercidas 1sdlggoandedpasf eirr?@iatltahorma_zﬁ CEmpdlisd rafita@ thi ckness
of from 10 t 100%@(\§m The | fla_tlo Ii ensble Sstrength at break
of greater lf Rgrehecs &r 5‘?%*%1? bF’§J yﬁ']eeaéje? RIS kg/ cne i n

t he nachi neigi Fealdion, vasdogiest qrntihaf 18001 kakan? adid/gpaskerabl y,
greater thammliRQ el G £Rommhe ot V@ISY@OSE ‘EH S &qld ofn FRRH iAIACE 1 Blr engt h of
greater th%,n 9580 kg_t cmcm ang artlcu %t greater than 9700 k cn1 cm
and an R val WetBF ST Gel CRAS PRSPl P ARFa@ BT R

conpri ses athaht 1860 dghagptmeuimr ammagih:.zp@l gldlb:efcﬁlckmvand qrteeansazfe
strength at a a y, r g han
2000 kg/cmzt}gélg EGQ)fo gKgfd{:era 4 é&%ggg % 11(%(72 |gn i ne
direction (?\Heﬁﬁ& ‘He?ﬁﬁﬁ TN kPO Re m/f B¢ eF“&Bil WRn gsf"e‘é? R€rhan
1700 kg/ cnvhich h.rsanm/elndeﬂl oécujrmnfcﬁiﬁlh)).tyarmﬁ ndeet félmerngiiclofegseat er

t han 9500 k(gfcl%cp_ ghallgy , @reater than 9700 kg cmcm a thickness
of from10 to - gogg 5‘ 10(5'8[9um an R-val ue of not |larger than 10

um and an intri né‘lc(‘? ARG £9 FLp RrefePtadfivARfrigh sANFEHRTERTSN il m
bei ng obt aitleelrby iselabbgitbd aht dahfilgkt moheddllar -oemnght sjelgydm®efin in an
extruder, ea<1£EQngtmemgpé&emawd@l@mehﬁmh,gfva@ﬁn%hg%aooa V4 é&élﬂef rom

a screw d| e havin f | east r ot at es

i ndependent$Yyr8Rdthe aterRheek Phe IB8FREr Ehary ]tﬁg%% h@l}&“&aé-nl Mo the
nol t en t ubuhaehfinkemdiareetiby thel e;otearsénnt&mrach@@r@l kgl dm#t ipara i nfl ati on

ratio_and a s AuiRe dQtd prepeibs, nvaqh'ﬁﬁ b G Ahybh ch£a %eréw&efrml | er
than 7. Her ﬁ r}éne directio ND%stand Lﬁr )dtlrec 61 nvx/mch
the filmis %Re [53) dc’E‘HEmt'rzi‘nB'\}b’r nﬁf‘Fe PRDY OsEh AL FQr

directi on a&nrRghtlaggles nber éaargeﬁetﬂamall@e Hms aamd i ademrifriﬂnelc
uniformty of th f|| ckne ndj c a_difference hetwe
maxi mum t hl\g ?1%8% % é@ §§ t d} éli? ure c{ £1% 0|t %n J‘%Iélgul ar

ness e
interval s |l?'| 9r8 Veg‘fal &&r}ﬁ ?ﬁ@ “ﬂ'f :h ]fll PRS- Fhevenness
of thi Cknengelghtth@Q\][YQilﬁﬁﬁ@;nl én &n testruteat, cﬁxtruchlmz gereermblyea

consi der ab'ﬂl'tQ%hl\@%lééﬁlh@@i/@hﬂe?oi%ﬁéf:{‘i‘l' grbal s@Pew die
suppr essi ng_ha drop i Ité n? gul ar ? nﬁb t he_nol d| nd, exhi bits
highly str ng&nt of*t fi dﬁﬁ% h gﬁ r%ﬁ evef“ y P qn
Besi des t her¢hafcatS| gndependantiy ©f hbedsggavwohftthas ea:tcwderen@@d

between a MBEXoWHhgMd f‘?&#”@ﬁ%oa&%ea i THE&H M Clkdre se 1 O &%rﬂe@rgw than
10 Vim and |s su%stan e thickness

| f fofl ~
this respecthst REGHIE 507 LSt PEEL 178 BPRbCAY R EhREanT & PEircany |
di sti ngui shedd oawd ncher abhoehni el mAChang glinesietonawhusilghtre not
pol . yu7. ef igmfinh ek cHgnuptra-high- rml ecul ar-wei ght polyolef..in inflation

fil mobtained by_the esen i~t:iori_ _can be 3 16 used as
11 obt ol ned b pLne, PSRN of ME! Tad Sk C3uben e 1 8o Ve 305 Aguged, o

el ectrol ytitheekl SLsarpdrmmdaqueaus.rdb@tn.ohy_tfldrrcahsrsu@h e ap kalia—cel | s,
lithiumiomng hLﬁoléé\m&f%égahQa fﬁ@l&@ief’i‘n‘ﬂﬁ.@ hydr aaen: £84{ ghand

ni ckel -cadm um cel | s, cont acti or covering rolls, pipes and stee
pi pes, packBg ﬁﬁqﬁqqu?bg BaER;§Qﬁpfﬁﬁa§ packages, containers, and
sporting gRRISEFUCESCRIPTICNS OFsdIHMoRRAWING i di ng surfaces of skis, etc.
Concretely speaking, furthernore, the ultra-highnol ecul ar-wei ght pol yolefin
inflation filmof the present invention can be used as sliding tapes,

t hrust washers, gliding sheets, guides, doctor knives, cassette tape
liners, slit sheet for cassette tapes, bags w thstanding very | ow
tenperatures, heat-shrinking filmnms, bags for preservation at |ow
tenperatures, tapes for packaging, starting material for obtaining highly
strong drawn yarns, filns for capacitors, insulating filns,

pol yol ef i n-coat ed rubber rolls, packages for goods, packages for bl ood,
spllt yarns, ropes for cllnblng, ‘woven fabrlcs nonwoven fabrlcs dramn

v o e r I o o .




| nner dianmeter of outer tube die at die outlet: Quter dianmeter of mandrel
at die outlet: S1/S2: S2/S3: Quter dianeter of second screw of screw die:
Effective I ength of second screw. Flight pitch: Conpression ratio off _ﬁj@cmmp
screw. Quter dianeter of stabilizer rod: Length of stabilizer rod: 50

1210 nmm (L/D=22) 30 mm constant 1.8 1075 mm (L/D=30) 36 nm30 mm 1.16 3 07
50 M 160 mm (L/D=3.2) 30 mmconstant 1.0 26 mm 400 nm The apparatus is
equi pped with a gas passage dianmeter of 8 mmextending in the second screw,
in mandrel and in the stabilizer shaft, gand with a of a the stabilizer
plate, a pinch roll and a product take-up device. Production of an

inflation film %5 %OQ;,e tléﬁa#o};d‘ae"plgPdgﬁl %Pﬂéa%a%'sgqt r

pol yet hyl ene i nf |Ja?r oi!'l i’ m Havi hig a Am an
t hi ckness @ﬂ'cgblmqaénstl@tﬁlgﬂfpxmuéédmbwqmr@lagp&m&h@f p@:ﬁesent

ul tra- hi ghlrﬁazle&ﬁ&&@q& V\ﬁha&telﬁplzy@fétbﬁ&% hﬂﬁh@ﬁaﬂ. HerddtOsdbng, an MR of
not | arger t an C and a bulk density

oi nt
of 0.47 g/ € ?Iffng %‘ﬁé’%&% uﬁeﬁri "bbr #3 ngtes § PSR (D)
and a die dnda,(D?ZI) daneneisn aFl@ecqndt spemspe,r alar dsn@ﬁ:%Oﬁ;l es@er 200C and

ot o e e he e B e e 72 Gramter of
8 mMm extené}aﬁgﬁ?fﬁt hgs 3%8183%%r%ﬁ£?ﬁ ng?al' aé’r?gg?e% flﬁé‘o Shiti zer
rod while wikidigremktaylgadeson by the pinch roll at a speed of 5 minmin so

that the p@wmwﬁﬁbmtoﬁ ke S PR QT el as the i nner diameter (
36 M) o - ol ecul ar - wei ght

pol yet hyl ene i nfpt jm‘IH:)ﬁEf FW%@%&OZE?@&%&HE? hé; (?rfg %nE’rSF%npl e 1
but setti ngnvientsieni L5capnmernédt we thppamsa tisods offolpwducOutgerardi anet er

of second %rﬂV&tﬁ@n”ﬂEH eGiHetse i £NGt 'fe%fttﬁeéoﬂésiﬁreeé"f 149@11'5“9 @/ D=3. 2)
r,._of _outer, tub ie at die outlet: 40 mMm

Flight pitch: 36c{rm gner "di anet E g
Quter di anSCEFEYDATRNBATLNG &t L OBt PEt A830-GRFEf PedQRAL®ENgt h of di e:
1075 mm ( LAiD<EperBiesSRlyl of S2/B3reR. 0famd ssmttindetrhecd akrtupdepesd to be

1.1 mmn, ull&fﬂaalnpahtﬁbu@chﬂA)ﬁ-ﬁe@ghftolpamo%@m i be R83tem and
t hi ckness t% Qg

That is, according to this method of producing an
inflation film, the mandrel of the screw die having the
second screw rotates independently of the first screw
of the extruder. It is therefore allowed to rotate the
second screw at a speed lower than the rotating speed
of the first screw by increasing the diameter of the
screw die and, hence, to prevent the resin from being
deteriorated by the heat of friction between the
mandrel and the resin.

It is therefore made possible to produce an
inflation film enabling the mechanical properties such
as tensile strength (in both the machine direction and
the transverse direction) and impact strength as well
as the drawing ratio in the machine direction and the
thickness to be adjusted over wide ranges.

A gas is blown into the tubular film extruded from
the screw die, whereby the tubular film inflates and
is, then, drawn and cooled simultaneously to obtain a
film which is a finished product.



- 9 JUL 2003 19 (Exanple 3) An ultra-high-nol ecul ar-wei ght pol yethyl ene
inflation fil mwas produced under the conditions of Exanple 1 but setting
the specifications of the apparatus as follows: Rotating speed of F@rgf{ 2003
screw. 7.5 rpm Rotating speed of second screw. 2.5 rpm Take-up speed: 3.3
mmn Inflation ratio: 10.0 Fol ding wi dth: 565 mm Thi ckness: 15 um ( Exanpl e
4) An ul tra-high-nol ecul ar-wei ght polyethylene inflation fil mwas produced
under the conditions of Exanple 3 but setting the specifications of the
apparatus as follows: Take-up speed: 1.72 mmmn Inflation ratio: 8.0

Fol di ng wi dt h: 452 nm Thi ckness: 40 ~m (Exanple 5) A filmof a thickness of

25 um was stabl y. pr C : ifio f. E b etting the
speci fications o‘vﬁ‘rptﬁggag%aera u{é é}'g‘%feg\q{&géméf E?fg'gt Wﬁﬁaf‘ﬁ 0 agccr'klé}l\}vgdi e
erected onr@Eifd®xf utbe: IIBEIMALEMBERT Rf a2l nguiedtvbef dist Zratw 5
rpm Rot ati Bg sgead @iesSee@ilbscpew tb “ZHHN Saget off pfpeh &l louter4 mnin

(Exanpl e 6),.A f.l f thi ckness_of . 25 um was, st abl rogduced ynder the
conditi onshd‘fe E‘S&ﬂ% eziip‘b[h? u %gsgrba& acgﬂe?m%‘fltiﬁ% 2108’ L€y lt'&? OE
ul tr a- hi ghtisl esurew- ddieghtipongst syledieehathbag [ ~preferabdl/,g,isn MR of
0.01 9/10 mok shndEléinanrgi N5 oknd36@mewd prévbleadens) t ¥soknft2 @/ €48 and
by -9 J\Llljb 20 20 % tting the  tenperat ulrbéa gf the-ff ex%r{_uger at 0C.
(Conpar at i Ve "ExdfpFR PS5 %"f’afitl‘g aesdif tBf M 2% i(PAF of 2E9FH HKFRs of
25 ~Cm under, tiie comeicmopisasi 1Examsiia Sihunoteromplehel ¥f fudtfiamsnl gngt h
]9}‘ t Ete scr@\@l@lﬂfeﬂdt pected g&ti@ egcﬁt{jxtmﬁtd g_@réﬁ 5@ (ﬁ@. = #Whéh *dT'féNel ver.

ig mar ks _of, t he, second scr id.n i sappear, e _parlson cou no
be favorabla}}rdrla?/v;&?laﬂﬂ r'}(f”i‘?IWSO&IW%%bfégﬁ‘e&ha(%oﬁa?ﬁ?irygeﬁﬁanpl e 2)
It was atténmpmedche ddem dHerefotres ttheknebe df ZHtemundeuntitfeormly
condi ti ons ;ff 14aER| Srlil%Utbz?@]‘céhr)gn{ahﬁﬂg”f{ diameian of tbhepuligr 4 ube
die to be 46023;] Séx/nsz g‘&be 1%8 and, 527 S3 to becéé.ro. However, f |ight
marks of t @¥ecohtiMscr WM HBETH HarPaFfd STHFSolWPPEEI d not be
favorably ddairbatbhonpoifti |is cdekdried diat nebe (@mearbinie BfarfplR 3) |t
W?s Eittelrmti%d gkﬁ:f.?aﬂgérf Iﬁma@fyal ltf&ldirkr@&é_J faailiwaty inEh%fPOJ%[ka]Onsf
0 anmpl e y_using.a_comrercia avail abl e pal ye ene havi r~] o
3.2 dl /g, E#WB%‘OO;’%? g 0chEns ry'f(?wa ‘ifp‘?&‘?? i r(?g%ﬁlaflﬁ‘ﬁép E%?/\ever,
the nelt vitheoginrgdettivd tresi andas fE1wING hapeeide ganr i ben insirgasedei ng
drawn by ths fiptat | PRefkaldEe Mmndhel 98, was twi sted, making it difficult
to stably formthe film_.Properti.es of t bove- ment. on fil wer e
eval uated in acc ﬁléﬂbet\ﬂet Jfﬁelﬁetuﬁ&?sf@ézngggd lﬁgf%v\fg?h%u i s wer e
as shown i filabl exdtregpnTheay ehsi bdosiyeng®f .- (Mihemchi gasdiisedtd dvg and
t he teESI I %lﬁlvfrﬁnﬂt(i?_o({?e/ dtt\EBﬁILlaQn_ﬂirlgl@réﬁcil ﬁ@ltt][eaa lr@@_atee ditr eicd i on)
wer e those yval.ues , C i und . he ongi t S:
Tensil e st |$j‘e‘:“ﬁ°’gftrhe‘i1 e%gﬁ‘-r q:nheﬁ%%??l% lsﬁlape ofétge“gt fnr?gé plglﬁ%gge%l %q’f‘r%%i

preferably, from 7 to 20 and, particularly, from 8 to
12.

When the inflation ratio is smaller than 7, the
thickness tends to become nonuniform in the transverse
direction (TD). Besides, since the crystalline
orientation is small in the transverse direction, it
becomes difficult to improve mechanical properties such
as tensile strength and impact strength. When the
inflation ratio exceeds 20, on the other hand, the film
becomes turbid appearing white and tends to be
ruptured.

In the present invention, it is desired that the
drawing ratio in the machine direction is not smaller



- 9 JUL 2003 21 Distance between the chucks: 86 nm Pulling speed: 200

mm mn Tenperature: 23C (2) The inpact strength's were the values (kgcmcm
of breaking strength obtained under the follow ng conditions: Nbasu@
instrument: Filminpact tester manufactured by Toyo Sei ki Co. CapaC|tgﬂ @g]
kgcm | npact ball surface: one inch in dianmeter (3) The thickness (~.rm of
the filmwas nmeasured under the follow ng conditions: Measuring instrunent:
Measuri ng method: Standard: Pushing rod: Load: Measuring pressure:
Tenperature: Thi ckness neasuring i nstrungnt, "Digi-Thickness Tester"

manuf act ur ed by Toyo Sei ki Co., detecting ability, 1 um (detecting

preci si on, The film ROI ts_ at |.ar, intervals
P the. of 1 EBRferkn s 57 LREARTY on Erl) o a0, By Bk iRbieiinas
regarded t8rbm # t4n cRAess, and a difference between a maxi num thickness

and a nininumt *eréﬂeﬁﬁe"\@fréﬁgﬁgd%ﬂfb ben 28hE- Yldieind! i4ebi0or TE I N
di aneter 125 g

29MN f 71 OCEBE= {2 R k%ﬁﬁ%} 4C;§e bq;hy Zogﬁﬂ%latlon tube) tends
NOJ-"{INOCDfswmmglanﬂhlﬁSDadréswﬂﬁANﬂheobhmmhn&wmtbéwwmad] ~0 x~. ~U

W ~~M 0~ "&oRgn(ltﬁ/é!z?H 19 ’d\ﬂ\é*%abh@gé diéé’l‘.“t éM f(%B%OQAQ' 3@ s

~t 1 1IMV-Q( ~ ~ . ~W-i,~Me tC1~ ~Lf tll I NN. W ~e--1r-i M/

-1c70|_f 1t 0 éP Y] TP Pim t’r‘ﬁ‘ ) §% ing aw@RREIt 1000~-0vCLLf 1r - 1W
dlw-fomncmuauwwn iD, thedmebmamiﬁiiVﬁtbpﬁﬂtﬂeaNWFWh@d Hhe ~, OLf 1WAr

iriNCUb*ﬂH 'QiQQQNUVJﬁI%h@KHaﬁbﬂﬂg dfection exceeds 40, on
~Nv1Ulr | ~VO~TJ 4 LJUr Ir-TNeiri +~OW aT~Rwwwix N. COO0OMWD

O+~0UU~~- | Fhe1ather gha, |J%L/Jf%ﬁ/w§\+»1\¥w}t eRG5 AL R RS- AREEEES ~a~ Or | UN. O

draV 1~, ~| ~~a~Edr rfhevpresent invention, the inflation ratio
rl b+~ L7GC&aﬁarsa*fa!‘£s a%‘&tﬂk‘%k“@ﬂ'}é‘ Yo drd ah 4t LD (DERREANE FEh QW=+
xCavaana~ tube é\%gggée(%elng inflated at the screw die outlet
(practically, calculated as the inner diameter of the
outlet of the outer tube die) to the circumferential
length of the tube after inflated, and the drawing
ratio in the machine direction stands for a ratio of
the take-up speed of the pinch roll to the speed
(linear velocity) of the resin flowing out from the
die.

In the present invention, furthermore, it is
desired that the ultra-high-molecular-weight polyoclefin
is extrusion-molded at a temperature which is usually
higher than its melting point but is lower than 370°C
and, preferably, from 160°C to 350°C though it may vary
depending upon the kind of the ultra-high-molecular-
weight polyolefin. When the extrusion-molding
temperature is lower than the melting point, the resin
tends to be clogged in the die causing the apparatus to
be broken.

When the molding is conducted under such
temperature conditions that the temperature of the
extruder is from 230°C to 350°C, that the temperature
at the inlet portion to the intermediate portion of the
screw die is from 190°C to 230°C, and that the



- 9JUL 2003 23 NaaaOUE ox UWCL NOx UWL1IWO DC U WxlI WN xI
wx Wx wN x WHx WGNQ/ H.r., NOAJ~. . EJ+. ~~~~'

Ub' bbbb. , ' no~No0Oyc. Wi~001M\~pOC~M-i HO~-" 1~00Ct ol ~Ot f 10Qvf ~ 7NpLI 1QLry ~ rl@io
d~~00Cr | O~.OOOC~0001~'CNr-I~tdxm0000pou~Nlovr,p9--iokkp,--i,--rr~.~gﬂmgi 1
bHr dOMOOOOWD0. Opp 00t DOr - 1~1 D0100OUoM-000xu7er . 000WD1f ' 1Nppl ~r | ~1 1~ ~NNOUNNUU
UON~ENUr ~~~~+~~X. Xrax .-.w

.. a~aAAXNwro. ... rA~O~-+~-ri O 1~t n+~O~~~t r cdW-~NUN+~~- |, ~NNb. , 1a. . ~+~NI - | U7y~
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JUL 2003 24 CLAIMS 1. A nethod of producing an inflation filmof an

ul tra- hi gh-nol ecul ar-wei ght polyolef in_conprising the steps of nelting the
lﬂtra-highﬁﬁﬂ&%ﬁ@ﬁﬁrﬁm%%utgﬁl%&@ﬁqmﬁ¢ha5ﬁ STt EﬁuF&&xPWW%ﬁtafirst

screw, d_ext et o h@f/rr&ltieensu}cémdriiegmmffem! a0 gbd pebyd ef thanf,roma
screw di e havi n st aav ng.scr a
mandr el COB1 el'g‘%%%—?l%é'geﬁ%r%%}:#?%n O(ﬁsc “fﬁ% ggc%&% 2scérlg§v‘9 gé%d S‘&%ﬁg & ew
being allo }pabdeat e i ndependently of said first screw of the extruder

and The inflated film is ccoled over its outer portion
by the air that is uniformly blown from an air ring
equipped with a blower, or is cooled by a cooling ring
of the water-cooled type or the air-cooled type that
comes into intimate contact with the film. The film
after cooled is gradually folded by a customary manner,
i.e., by a stabilizer board, and is turned into a flat
film consisting of two pieces by the pinch roll, and is
taken up by a product winder.

The film obtained according to the present
invention can be heat-set in advance to lower the
thermal shrinkage factor to smaller than about 10%.

As the ultra-high-molecular-weight polyolefin,
there can be preferably used an ultra-high-molecular-
weight polyolefin having an intrinsic viscosity [ 7] of
not smaller than 5 dl/g, preferably, not smaller than 7
dl/g and, more preferably, from 8 to 25 dl/g as
measured in a decalin solution at 135°C.

The ultra-high-molecular-weight polyolefin having
an intrinsic viscosity of smaller than 5 dl/g fails to
exhibit satisfactory mechanical properties such as
tensile strength and impact strength. Moreover,
because of its low melt viscosity, the molten ultra-
high-molecular-weight polyolefin rotates together with
the mandrel in the screw die and is twisted. Or, the
thickness becomes nonuniform due to deflection of the
mandrel, making it difficult to obtain a uniform film.
Though there is no particular limitation on the upper
limit of the intrinsic viscosity [7 ], those having an
intrinsic viscosity in excess of 25 dl/g exhibit too
high melt viscosity and can be extrusion-molded less



inflating the nolten filmin the formof a tube by blowng a gas into the
filmto forman inflation film 2. A nmethod according to claim1, wherein
the rotating speeds of the first screw of the extruder and of the sg BE
screw of the screw die are variabl e i ndependently of each other, Johdl0d
rotating speed of the second screwis set to be |ower than that of the
first screw 3. A nethod according to claim1l, wherein the

ul tra- hi gh- nol ecul ar-wei ght polyolefin has an intrinsic viscc,sity [ n] of
not smaller than 5 dl/g. 4. A method acqarding to any one of clainms 1 to 3,
wherein the ultra-high-nol ecul ar-wei ght polyolefin is an

ul tra-high wei ght polyethy:l.ene, 5 . An apparatus for producing
an info. frAIQ)C’%%‘LB%fl | m conpri si ng an extruder provided with a fiz~~.t

~ri-ew, and a seﬁrsévﬂ'-hleeuﬁ-a‘iﬁ&rghag Empl@catarewstight wasdaiol etiasscrew die
conprises @l1%eGaHh ﬁLﬁx\dlvéwbafowtl@m ndepoedenrilenaf agdl diftfat screw, a

ndre! coULRLA L1500 GAL LS SR AD Ol | (o

i nserted, awwqmssagan@(tm|nétnrar-tm@lle—mhéeculaarﬂwmm 25 se. so~d
scr e}/v gn? Pq_ Q‘gffﬂésf orﬁr] ?I@ggciﬁgﬂﬁqﬁi§ecm§&ej%§ ghd Zcr ew di e6| SA
coupled to ruder a om ion second s n
appar at us B@B‘(yre& tBEc A %ﬁgpéflaﬁaojays}lﬁﬁ 2&?08 §%§Tﬁn‘£‘3fed to
the top entodectiearawernght mohmethﬁnlane)nhmsl m ]tamr@gghtt—mmians of 10
Nt e | U o T ation
filmhas a Pgﬁ'sqtijeogt¥é‘ﬂ'§l h‘lra?ébﬁéaﬁ‘og'féeg‘{eﬁf‘ﬁbt% %%55?’1?@? cn2 in a
machi ne di lecriemseddsyreaterht And e4@EKLELHR -i n Resianablgr,setliér ecti on,

an [ mpact shiranatiAf canedter £hanud0t kosghCio1ah Bar Bkalgipe which s an
i ndex of uniform t%]—.ﬁng rﬁqﬁi éhl ckness, défined by a difference between a

maxi mum t hPORYES hPE 1ngattr &P%tPESSES Mt s at regul ar
i nterval s iiRvandd A68VeKILIE £6Chhonndfr ihei &i bnsfofiDty! ara8r dfhagod0 um

8. An 'nf'%!‘:daquéflehaﬁceﬁ HDPgt Anel 2B re PROFRIFRRIE, from 8 to 25
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the mandrel in order to prevent the ultra-high-
molecular-weight polyolefin of the molten state
extruded in the form of a pipe from oscillating in the
transverse direction being caused by the pressure of
the air blown from the air ring. Therefore, the
inflated film features further improved thickness
precision. The inflation film produced by using the
apparatus of the present invention has a difference (R-
value) between a maximum thickness and a minimum
thickness in the circumferential direction of film of
not larger than 10 um.

The apparatus for producing the inflation film of
the present invention will now be described with
reference to the drawing. Referring to Fig. 1, an
extruder 1 is equipped with a grooved cylinder 2 and a
first screw 3 having a compression ratio of from 1 to
2.5 and, preferably, from 1.3 to 1.8. A torpedo 10 is
coupled by screws to an end of the first screw 3. It
is desired that the torpedo 10 has a conical shape to
prevent the resin from staying at the end of the first
screw 3.

A screw die 20 is provided at the end of the
torpedo 10, i.e., on the downstream side in a direction
in which the molten resin flows in a manner that the
axis of the screw die 20 is at right angles with the
axis of the torpedo 10. The screw die 20 has a second
screw 21 at a position opposed to the torpedo 10. The
second screw 21 is rotated by a drive means (not shown)
independently of the first screw 3.

The second screw 21 has a hollow outer tube die 22
in which is formed space of nearly a cylindrical shape
which gradually contracts toward the upper direction in
Fig. 1. A mandrel 23 is inserted in space of the outer
tube die 22. The mandrel 23 is secured to an end
(upper end) of the second screw 21 and rotates together
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with the second screw 21.

A gas passage 24 is formed in the second screw 21
and in the mandrel 23. The gas passage 24 runs from
the lower end of the second screw 21 up to the end of
the stabilizer rod 26 passing through a metal shaft.

In the apparatus for producing the inflation f£ilm,
the ultra-high-molecular-weight polyolefin powder is
stably supplied toward the front side of the extruder
through a groove 2A of the grooved cylinder 2.

The screw die 20 has an L/D of not smaller than 5,
preferably, not smaller than 15 and, more preferably,
from 20 to 70. The ratio (S1/S2) of a sectional area
82 of the resin flow passage at an intermediate portion
20B of the screw die to'a sectional area S1 of the
resin flow passage at an end 20A of the second screw is
from 0.5 to 2.0 and, preferably, from 0.8 to 1.5.
Furthermore, the ratio (S2/S3) of a sectional area S3
of the resin flow passage at an outlet 20C of the screw
die to the sectional area S2 is from 2.0 to 10.0 and,
preferably, from 3.0 to 6.0.

There arises no particular problem when the ratio
S1/S2 lies within a range of from 0.5 to 2.0. When the
ratio S2/83 becomes smaller than 2.0, however, the
molten resin is not completely uniformalized. When the
ratio S2/S3 exceeds 10, on the other hand, the resin
pressure becomes so great that it becomes difficult to
extrusion-mold the tubular film.

Basically as described above, the area of the
resin flow passage of the screw die 20 becomes narrow
toward the outlet 20C of the screw die. That is,
though the screw die is tapered, it is desired that the
upper end of the screw die (portion on the upper side
of 20C) has a constant area of resin flow passage,
i.e., remains straight from the standpoint of
maintaining a high dimensional precision of the molded
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articles.

The straight portion usually has an L/D of from
about 0.1 to about 0.5.

The apparatus for producing the inflation film of
the present invention has a significant feature in the
above-mentioned constitution. The apparatus is further
equipped, on the downstream side of the screw die 20,
with a stabilizer plate for folding and taking up an
inflation film 31 having a thickness of from 10 to 1000
um which is obtained by cooling a pipe-like parison 30
extruded from the screw die 20 by the air ring 25 and
by inflating it with a gas such as the air at an
inflation ratio of not smaller than 7 through the gas
passage 24, a pinch roll, and a take-up device (which
are not shown) which have been employed in the
conventional inflation film-forming machines.

As required, furthermore, a stabilizer rod 26 is
provided at an upper portion of the outer die 22 in a
manner of passing through the air ring 25 and a
windbreak cylinder 27. The stabilizer rod 26 is
constituted by a metal shaft and a pipe-like member
loosely fitted to the shaft. The metal shaft is
coupled by screws to an end of the mandrel. The metal
shaft rotates following the rotation of the second
screw 21. However, the pipe-like member is loosely
fitted to the shaft and, hence, the parison 30 is not
twisted though it is linearly extruded in contact with
the outer surface of the pipe-like member. Preferred
materials for the pipe-like members includes fluorine-
containing polymers such as polytetrafluoroethylene.

The molten resin extruded from the extruder 1 of
the apparatus for producing the inflation film is
received by the second screw 21 of the screw die 20.
The rotating speed of the second screw 21 has been sco
set that a pressure of the extruder 1 indicated by a
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pressure gauge 11 of Fig. 1 lies within a predetermined
range. The molten parison extruded from the screw die
20 is taken up at a speed faster than the speed of
extrusion. Then, the parison is inflated at a
predetermined inflation ratio with a gas released from
the end of the stabilizer rod through the gas passage
to thereby obtain an inflation film.

The third invention of the present application is
concerned with a homogeneous inflation film obtained by
the above-mentioned method and apparatus, and having
nearly a uniform tensile strength in both the machine
direction and the transverse direction, having
excellent impact strength without fluctuation in the
thickness over the whole film surfaces.

The inflation film of the present invention
comprises an ultra-high-molecular-weight polyolefin
having an intrinsic viscosity [ 7] of not smaller than
7 dl/g and, preferably, from 8 to 25 dl/g and a
thickness of from 10 to 1000 ym. The inflation film
has a tensile strength at break of greater than 1660
kg/cm?2 and, preferably, greater than 2000 kg/cm2 in the
machine direction, and greater than 1600 kg/cm2 and,
preferably, greater than 1700 kg/cm2 in the transverse
direction, an impact strength of greater than 9500
kg-cm/cm and, particularly, greater than 9700 kg-cm/cm,
and an R-value of not larger than 10 um.

A typical inflation film comprises an ultra-high-
molecular-weight polyolefin having a tensile strength
at break of greater than 1660 kg/cm2, preferably,
greater than 2000 kg/cm? and, more preferably, greater
than 2400 kg/cm? in a machine direction (MD) and
greater than 1600 kg/cm2 and, preferably, greater than
1700 kg/cm2 in a transverse direction (TD), an impact
strength of greater than 9500 kg-cm/cm and, preferably,
greater than 9700 kg-cm/cm, a thickness of from 10 to
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1000 ym, an R-value of not larger than 10 um and an
intrinsic viscosity [ 7] of at least 7 dl/g, said
inflation film being obtained by melting the ultra-
high-molecular-weight polyoclefin in an extruder,
extruding the molten ultra-high-molecular-weight
polyoclefin from a screw die having an L/D of at least 5
and having a mandrel which rotates independently of the
screw of the extruder, and blowing a gas into the
molten tubular film formed by the extrusion to
accomplish both an inflation ratio and a drawing ratio
in the machine direction which are not smaller than 7.

Here, the machine direction (MD) stands for a
direction in which the film is taken up, and the
transverse direction (TD) stands for a direction at
right angles thereto.

The R~value is an index of the uniformity of the
film thickness and indicates a difference between a
maximum thickness and a minimum thickness measured at
32 points at regqular intervals in a transverse
direction of the inflation film. The unevenness of
thickness in the MD direction of the inflation film is
generally a considerably lower value than the R value.

The film is formed as suppressing a drop in the
molecular weight during the molding and exhibits highly
strong properties of the ultra-high-molecular-weight
polyolefin. Besides the inflation film which is a
molded product has a difference between a maximum
thickness and a minimum thickness of not larger than 10
pum, and is substantially free of fluctuation in the
thickness. In this respect, the inflation film of the
present invention is radically distinguished over the
conventional ultra-high-molecular-weight polyolefin
films.

The ultra-high-molecular-weight polyolefin
inflation film obtained by the present inveution can be
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chutes, etc., separators for electrolytic cells and
non-aqueous electrolytic cells such as alkali cells,
lithium ion cells, lead storage batteries, nickel-
hydrogen cells and nickel-cadmium cells, contraction
films for covering rolls, pipes and steel pipes,
packaging films for packaging foods, packages,
containers, and sporting goods such as helmets,
sailboards, gliding surfaces of skis, etc.

Concretely speaking, furthermore, the ultra-high-
molecular-weight polyoclefin inflation film of the
present invention can be used as sliding tapes, thrust
washers, gliding sheets, guides, doctor knives,
cassette tape liners, slit sheet for cassette tapes,
bags withstanding very low temperatures, heat-shrinking
films, bags for preservation at low temperatures, tapes
for packaging, starting material for obtaining highly
strong drawn yarns, films for capacitors, insulating
films, polyolefin-coated rubber rolls, packages for
goods, packages for blood, split yarns, ropes for
climbing, woven fabrics, nonwoven fabrics, drawn tapes,
filters for preventing blood platelets from freezing,
sail cloths, explosion-preventing sheets, protection
cloths against cutting, safety gloves, overlapped
cloths, electric cables, tension members, vibration
board of speakers, armor plates, radar dome, synthetic
papers, printing papers for outdoor exhibits, envelopes
for air mail, packaging materials for water-absorbing
agents or oxygen-absorbing agent, air-permeable
packages, pasteurized and sterilized packaging
materials, base fabric for medical treatment, packaging
material for medical instruments, sealing/package for
water-adjusted articles, separator films, filtering
material for filters, carrier of filters, agricultural
film such as mulch-film, green film, electret film,
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canstruction material such as house wrapping, etc.

(EXAMPLES )

The invention will now be described by way of

Examples.
(Example 1)

An ultra-high-molecular-weight polyethylene

inflation

film was prepared by using an apparatus

shown in Fig. 1 having the following specifications.

Specifications of the apparatus.
Outer diameter of first screw of
extruder:

Effective length of screw:

Flight pitch:

Compression ratio of screw:
Effective length of screw die
erected on the extruder:

Inner diameter of outer tube die
at die outlet:

Outer diameter of mandrel at die
outlet:

S1/82:

S2/83:

Outer diameter of second screw
of screw die:

Effective length of second screw:
Flight pitch:

Compression ratio of second screw:
Outer diameter of stabilizer rod:
Length of stabilizer rod:

50 mm

1210 mm (L/D=22)
30 mm constant
1.8

1075 mm (L/D=30)
36 mm

30 mm
1.16
3.07

50 mm

160 mm (L/D=3.2)
30 mm constant
1.0

26 mm

400 mm

The apparatus is equipped with a gas passage of a

diameter of 8 mm extending in the second screw,
and with a
a pinch roll and a product take-up

mandrel and in the stabilizer shaft,
stabilizer plate,
device.

Production of an inflation film.

in the
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Outer er o man

outlet: 30 mm

Effective length of die: 1075 mm (L/D=27)
S1/82: 1.8

§2/83: 2.0

and setting the take-up speed to be 1.1 m/min,
inflation ratio to be 8.0, folding width to be 503 mm,
and thickness to be 100 um.
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1 10% #& ()-Gkecesity [ 7] of not smaller than 5 dl/g.
4. A method according to any one of claims 1 to

3, wherein the ultra-high-molecular-weight polyolefin
is an ultra-high-molecular-weight polyethylene.

5. An apparatus for producing an inflation f£ilm
comprising an extruder provided with a first screw, and
a screw die having an L/D of at least 5, wherein said
screw die comprises a second screw which rotates
independently of said first screw, a mandre) coupled to
the top end of the second screw and rotates together
with the second screw, an outer tube die ir which the
mandrel is inserted, and a passage extending inside the
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7. An inflation film having a thickness of 10 to
1000 pym and comprising an ultra-high-molecular-weight
polyolefin having an intrinsic viscosity [ 7] of at
least 7 dl/g, wherein said inflation film has a tensile
strength at break of greater than 1660 kg/cm2 in a
machine direction and greater than 1600 kg/cm2 in a
transverse direction, an impact strength of greater
than 9500 kg-cm/cm, and an R-value which is an index of
uniformity of the film thickness defined by a
difference between a maximum thickness and a minimum
thickness measured at 32 points at regular intervals in
a transverse direction of the film of not larger than
10 pm.
8. An inflation film according to claim 7,
wherein the ultra-high-molecular-weight polyolefin is
an ultra-high-molecular-weight polyethylene.



