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METHOD OF PRODUCI NG | NFLATI ON FI LM APPARATUS - THEREFOR AND
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inflation film an apparatus therefor, and an inflation film obtained

The present invention relates to a nethod of producing an

an inflation filmof which the nechanical properties such as tensile

strength,
ranges,

i'mpact strength, etc. and the thickness can be adjusted over w de
to an apparatus therefor, and to fin inflation filn1having excellent

properties obtained thereby. (Descrlptlon of the Prlor Art)
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as tensile strength, 1mpact strength, etc. and the
thickness can be adjusted over wide ranges, to an
apparatus therefor, and to an inflation film having

- excellent properties obtained thereby.

(Description of the Prior Art)

An ultra-high-molecular-weight polyolefin features
superior impact strength, abrasion resistance,
resistance against chemicals and tensile strength to
those of general-purpose polyolefins, and is finding
spreading applications as an engineering resin.
However, the ultra-high-molecular-weight polyolefin
exhibits a very higher melt-viscosity and poorer
fluidity than those of the general-purpose polyolefins.
Therefore, the ultra-high-molecular-weight polyolefin
alone cannot be molded by using a molding machine for
general-purpose polyolefins.

Therefore, the present applicant has previously
proposed a method of producing a biaxially drawn film
by extrusion-molding the ultra-high-molecular-weight
polyolefin to which is mixed large amounts of a
plasticizer (Japanese Patent Publication No. 16330
/1992). When this method is employed, however, a
plasticizer must be extracted from the obtained
polyolefin film depending upon the applications.

The present applicant has further proposed a
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2 nethod of producing an inflation filmby using a tube die having a
mandrel that rotates acconpanying the rotation of a screw of an extruder
Wi thout using a plasticizer (Japanese Patent Publication No. 55433 /1994).
According to this method, however, the tubular filmthat is extruded is
turned sideways, pernitting t he upper portion to beconme thin and | ower
portion to becone thick, causing a difference in the thickness between the
upper portion and the | ower portion. +n order to increase the rate of
production, furthernore, the rotating speed of the mandrel nust be

I ncreased acconpanying an increase in the rotating speed of the screw
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det e ror at edﬁ%té%{%o"a“f.“é{r%@%%ﬂg ABea Rt "Bl By, S8 Lhgr, ke
furt her ror e, die h@wséqmraemam@lreeﬂpr Bhat y@tates oﬁcsﬁmmmedthength
There is al spotapriai estt halsddere appanat wﬁm@erswtmmﬂrtslaeﬂnqnd its

nstall at] ona3gaia rares siioae pablol d5ih1 PREIKIGOPtSEYS 1Tl at i on
e?% | Ca%l ons, ur

filns depend?ng upon ] hernore, econeS necCessary to
adj ust thé mé properties such as tensile strength and i npact

strength as wel | aﬁcddﬁﬁdhhl liiessh 08 mbeheld AiKeWetrall, atild tabaBagver wide

present i nveftart HSE by %Wsﬁy Hiined QS@%@’F . SR ET AT ung

the fact thatheh&pReRperiion dmrbeeen@drhm andsilowest (pegthoanda npact
strength, drbecome ahick) @Raisiwgdar ddifferandet AnC s stiedskhesad] ust ed

over w dq o adesed{'% A8 upper portion and the lower portion. In

order to increase the rate of production, furthermore,
the rotating speed of the mandrel must be increased
accompanying an increase in the rotating speed of the
screw giving rise to the occurrence of a problem in

15 that the resin is deteriorated due to friction. 1In
order to erase flight marks of the resin, furthermore,
it is required to employ a mandrel of an increased
length. There is also a problem that the apparatus
becomes large-sized and its installation space becomes

20 wide.

In order to provide optimum inflation films
depending upon the applications, furthermore, it
becomes necessary to adjust the mechanical properties
such as tensile strength_and impact strength as well as

25 the thickness of the obtained inflation films over wide
ranges. |

In view of the above-mentioned technical
assignments, the present inventors have conducted study
to solve problems, and have found the fact that the

30 mechanical properties such as tensile strength and
impact strength, drawing ratio in machine direction and
thickness can be adjusted over wide ranges, and an
inflation film can be formed permitting the molecular
weight to drop less than those of the conventional

35 film-producing methods, by melting a thermoplastic
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inflation filmcan be fornmed permtting the nolecul ar weight to drop |ess
than those of the conventional filmproducing nethods, by nelting a
‘thernDpIastlc 3 resin in an extruder,
by using a screw die having an L/ D of at least 5 and having a mandrel which
rotates independently of the screw of the extruder, the mandrel rotating at
a speed as | ow.as possible, and have confirmed that the inflation film

exhi bits excellent properties of an ultra-high-nol ecul ar-wei ght pol yol efin,
and have thus arrived at the present invegtion. SUWARY OF THE | NVENTI ON
The object of the present invention therefore is to provide a met hod of

producing an_inflation filmcapabl e,of adj ustln chani_cal erties
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machi ne di r AR oo f aat tleaskhcSsantl hiaving| at mnd“ne]m vhwhmmtahﬁges an
appar at us tfi&{&é ndéﬁe‘tlayl d:ﬂf{:ﬁél %&zfevb npRhichle EipPredess tHife rRaHdrean in

t he nol ecul ar d|n exhi propenrties of an
ul tra- hi gh- rﬁﬁ%%'ﬁ \%%‘I &tSB%% v%m?lgf Egﬂﬁj&iﬁh ‘P‘Bﬁmbﬁ‘ﬁkness
The preseht qon/énrmed Wd‘aipr’obeswﬁ]rablmr fidmaxhikithe exealblantt i oned
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rotating at imeembioas | ow as pOSSIb|e the obtained inflation film
featuring exsianheRy benwH® ivendtdomnd i npact strength since a drop in
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to provide a method of producing an inflation £ilm
capable of adjusting the mechanical properties such as
tensile strength and impact strength as well as drawing
ratio in a machine direction and thickness of the

15 inflation film over wide ranges, an apparatus therefor,
and an inflation film which suppresses the reduction in
the molecular weight at the time of molding, exhibits
properties of an ultra-high-molecular-weight polyolefin
and features uniform thickness.

20 The present invention was proposed in order to
achieve the above-mentioned object, and features the
formation of an inflation film by a particular method
by using a screw die having an L/D of at least 5 and
having a mandrel which rotates independently of a screw

25 of an extruder, the mandrel rotating at a speed as low
as possible, the obtained inflation film featuring
excellent tensile strength and impact strength since a
drop in the molecular weight is suppressed during the
molding and without unevenness in the thickness.

30 That is, according to the present invention, there
is provided a method of producing an inflation f£ilm
comprising the steps of melting an ultra-high-molecular
-weight polyolefin in an extruder equipped with a first
screw, extruding the ultra-high-molecular-weight

35 polyolefin in a molten state from a screw die having an
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Thats i s, according to the present invention, there is provided a nethod of
producing an inflation filmconprising the steps of nelting an .

‘ul tra- hi gh-nol ecul ar -wei ght polyolefin in an extruder equipped with a
first screw, extruding the ultra-high-nol ecul ar-wei ght polyolefinin a
nolten state froma screw die having an . L/D of at least 5 and
having a second screw and a mandrel connected thereto, the second screw
being permtted to rotate i ndependently of the first screw of the extruder,
and blowing a gas'into a tubular filmof 4 nolten state fornmed by _
ext rusi on. According to the present invention, furthernore, there is

provi ded a "EyBOSsoa  DeMEL S dhd HAding" of 'SdBIHE’ SEBlN B!t | N0
speeds of the fi.rs screm/agd of .the seco g screw afe vari able, _

i ndependent | J2BAred: CoRpRFted, Fhgretay o ﬁgiﬁﬁ&%&oFcFﬁyzhﬁiﬁﬂ screw is
set to be Iqpermﬁmaedrtornotaha;indepenﬂamﬁiyidﬁtt%grfWrst sdre?rdfng
toth I ' f h t he | S Vv

or ougi g anche; B¥EEdder | 4 1R | 87684 Ak A TEARRIE LA of

Irm erel
pol yol ef i 1 hasmaktem sHate yp&'&‘ftlgy[ﬁsmuﬁl%- not smaller than 5 dl/g.
According to the Pcesmndingveot ithe preséatnumrenbion,i fuptthdmirst-&, et hod
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inflation fiofh theprserowd ascerew wies paviabde Wndepehident 1326 eabh a
e Pl TOnERALAN ddd) Ghe AnckiRoing, SRdels® Y WL LeBbolin B O 5 1O
extruder, wherern'the screw die co i Ses "a second sCrew whi ch'Totdles
i ndependent | §86f to be lower than the rotating speed of the first
screw. ' '
According to the present invention, furthermore,
there is provided a method of producing an inflation
15 film wherein the ultra-high-molecular-weight polyolefin
has an intrinsic viscosity [ 7] of not smaller than 5
di/g.’
According to the present invention, furthermore,
- there is provided a method of producing an inflation
20 film wherein the ultra-high-molecular-weight polyolefin
is an ultra-high-molecular-weight polyethylene.
According to the present invention, there is
provided an apparatus for producing an inflation film
comprising an extruder provided with a first screw, and
25 a screw die having an L/D of at least 5 and is provided
at the end of the extruder, wherein the screw die
comprises a second screw which rotates independently of
the first screw, a mandrel coupled to the end of the
second screw and rotates together with the second
30 screw, an outer tube die in which the mandrel is
inserted, and a gas passage extending in the second
screw and in the mandrel.
According to the présent invention, furthermore,
there is provided an apparatus for producing an
35 inflation film wherein a stabilizer rod is coupled to
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thesfirst screw, a mandrel coupled to the end of the second screw and
Jotates together with the second screw, an outer tube die in which the
‘mandrel is inserted, and a gas passage extending in the second screw and in

t he mandrel . According to the present invention, furthernore, there is
provi ded an apparatus for, producing an inflation filmwherein a stabilizer
rod is coupled to _ . 5 an end of the
mandrel . According to the present invention, furthernore, there is
provided an inflation filmconprising an @l tra-hi gh-nol ecul ar - wei ght

pol yol efin having an intrinsic viscosity [[err]] of at least 7 dl/g and a

t hi ckness Ofaﬁrﬁﬂhlgft Qtégoga&ﬁrrr m the inflation filmfurther having a
at break o

tensil e strengt ) ; greater than 1660 kg/cnferr]_in a nachine
direction and gr eACSORMHRI1E00 Yy PFesePY nlavenrsionor Suxkhesmose, an
i npact strenghéref igr gatevidedn &bUhRyaeichcfLthn eohpdidingl 4a, which is
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which is an index of uniformity of the film thickness,

of not larger than 10 um.

According to the present invention, furthermore,
there is obtained an inflation film comprising an

15 ultra-high-molecular-weight polyolefin having 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, a thickness of from 10 to 1000 um,

20 an R-value of not larger than 10 ym and an intrinsic
viscosity [ 7] of at least 7 dl/g, said inflation film
being obtained by melting the ultra-high-molecular-
weight polyolefin in an extruder, extruding the molten
ultra-high-molecular-weight polyolefin from a screw die

25 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

30 smaller than 7.

According to the present invention, furthermore,
there is provided an inflation film wherein the ultra-~
high-molecular-weight polyclefin is an ultra-high-
molecular-weight polyethylene. |

35 BRIEF DESCRIPTION OF THE DRAWING
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having an L/D of at least 5 and havi ng a mandrel which rotates
I ndependently of the screw of the extruder, and blowng a gas into the
ol ten tubular filmforned by the extru5|on to acconplish both an inflation
ratio and a drawing ratio in the machine direction which are not smaller
than 7. According to the present invention, furthernore, there is
provided an inflation filmwherein the ultra- high-nnlecular-meight
polyolefin is an ultra-high- nolecul ar- meight pol yet hyl ene. BRI EF
DESCRI PTI ON OF THE DRAW NG 6 6
Fi g. é S ? seﬁtlonal vi-ew of an apparatus for producing an inflation film
according to the present invention,,wherein refeten tes an
extruder, 3 denot&siGe f1rif &rsﬁﬁ%%nﬁ nSt&EY £ éwagﬁrgq%u%eno es a
second screwpraduteimwg eanadndilteriombEidime acgpm::n%;*@a the (PERSERt
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inflation flwﬁndﬁmeahndymlnﬂerhe screw di e having the second screw

rotat es | ndCRARARLYDObUERb S SoECHH mmeemuder tis therefore
10 A first invention (clalms SF éﬁérﬁr%ééﬁkSpee

invention is concerned with a method of producing an
inflation film, wherein a feature resides in that a
screw die having an L/D of at least 5 rotates
independently of a screw of an extruder to extrude an

15 ultra—high—molecular-weight polyclefin in a molten
state. '

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
20 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 inéreasing the diameter of the
screw die and, hence, to prevent the resin from being
deteriorated by the heat of friction between the
25 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

30 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
35 film which is a finished product. '
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of the first screw by increasing the dianmeter of the screw die and, hence,
to prevent the resin frombeing deteriorated by the heat of friction

‘et ween the nmandrel and the resin. It is therefore made possible to
produce "an inflation filmenabling the nechanical properties such as
tensile strength (in both the machine .direction and the transverse
direction) and inpact strength as well as the drawing ratio in the nmachine
direction and the thickness to be adjusted over w de ranges. A gas is
bl own into:the tubular filmextruded frongthe screw die, whereby the
tubular filminflates and is, then, drawn and cool ed sinultaneously to

obtain @ filn]mhiggehﬁugﬂé. 'ég%ji§6gﬂﬁio IWEﬂnl?h ?poﬁtant thag FR&
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L/ D of nob |bhgescm¢ah ev hdst Rbopradies tdan 55 R5E Vi:,Ye| s
uniformy nehbedsheidier i than @8 rml&d fnoare tlhﬁeﬂefabwben itshefaom 29 Hoown
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good film Thoughet thermephasida kesin &ﬁpé%otuwmﬁtlﬁmlmu% &k d
tpat/l Ea\r/]ve Ulﬁgﬁél’few beffoté Diks J.rs)tei:ﬁrﬂded rom Otheodiiehe Whehi thle poi nt
Broduct|3§ty?£g %Iﬁ%ﬁéﬁ %B%' can g&%%b?%gﬁhg£hgﬁhQé)é#%%ggge in the
L/ D. from the die, therefore, the tube is often nonuniformly
inflated or is broken, making it difficult to obtain a
good film. Though there is no particular upper
limitation, it is desired that the upper limit of L/D

15 is not larger than 70 from the practical point of view.
The ratio L/D of the screw die has a relationship to
the productivity, and a forming speed can be increased
with an increase in the L/D.

Though the air is usually blown into the tubular

20 film, nitrogen may be blown, too. When a gas is to be
blown into the tubular film of a molten state, it is
desired that the inflation ratio is not smaller than 7,
preferably, from 7 to 20 and, particularly, from 8 to
12.

25 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

30 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

35 drawing ratio in the machine direction is not smaller
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Thoygh the air is usually blown into the tubular film nitrogen may be

bl own, too. Wien a gas i$ to be blown into the tubular filmof a nolten
‘'state, it is desired that the inflation ratio is not smaller than 7,
preferably, from7 to 20 and, particularly, from8 to 12. When t he
inflation ratio is smaller than 7, the thickness tends to becone nonuniform
in the transverse direction (TD). Besides, since the crystalline
orientation is small in the transverse direction, it beconmes difficult to

i nprove mechani cal properties such as tendile strength and inpact strength.
When the inflation ratio exceeds 20, on the other hand, the film becones

turbi d appea t FU r t

i nventi on, #hgg ?&s?%fgﬁgpﬁ's&e %rg% ng%tﬁ ?ﬁdt'hgdr?a% i nghgii?]e'ct ion is
not smaller from 8 to 30. 8 than 7, preferably,
from?7 to 40 and, mr:éﬁlﬁhéadlnawingmratﬁ.m 3h the makdhinenediirewtipnaiso

[ the Mo ggydheld Dchann, | Eh0bRtRRY . %ﬁnwﬂmntabggl 2id:idls { ube)

tends to swin sul't rmin the

uni
machi ne di% e@Pl SVin@)andd As. t"‘her?ﬁ‘& §ver d'F]Pé’E %ﬁc‘é&‘ﬁﬁbl ting a
great fluct Uﬁbmmifbi'xhelﬁeeﬂﬁlIm@d:hﬂlnepdﬂrmtlmeqm amdwimg theti o i n
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ratio of thefducknaientin thegnachandical Bropetddte HHRRY thf ated at
the screw di arewtims fataet iimaldhe mabh&nﬁedhnectmmnrnmmeddsmﬂay oh the
outlet ofyfhgpQUt Gmd WORANE) dife LBE 16 HLHHS €9t b ruptured.

In the present invention, the inflation ratio
stands for a ratio of the circumferential length of the
tube of ‘before being inflated at the screw die outlet
(practically, calculated as the inner diameter of the

15 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
20 die. |

In the present invention, furthermore, it is
desired that the ultra-high-molecular-weight polyolefin
is extrusion-molded at a temperature which is usually
higher than its melting point but is lower than 370°C

25 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

30 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

35 screw die is from 190°C.to 230°C, and that the
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|l ength 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 fromthe die. In the
present invention, furthernore, it is desired that the

ul tra- hi gh-nol ecul ar -wei ght polyolefin is extrusion-nolded at a tenperature
which is usually higher than its nelting point but is |ower than 370[err]C
and, preferably, from 160[err]C to 350[err]C though it may vary dependi ng
upon the kind of the ultra-high-nolecul arg wei ght polyolefin. Wen the
extrusion-nol ding tenperature is |lower than the nelting point, the resin

tends to b I d,in the di ' t aratus to, be broken.

When the ol EPRESEEEIERIE o406 AT SHRRIL 8RB BRI LR ol ST HARE  he
t enper at ur e porthiencxdf uriee serewodizsoist gﬁr&ﬁOG,SQTTat tbhasto_e'rm_er-ahene at
the inlet pogbi Qﬁn&‘l 4P | BEBETRHAIDOEL! 90 Thd No2lPlid 2 wiRilhOTk
190[err]C to,23Q r .and that the 9

e ]
t enperature desd éh%ﬁfwnEdiate portion to the outlet portion of the screw
die is frdm 180[ eMheC infla6pdr flidm tiencoodedarmirer| itsr autter pertiseni n

the screw digy whichy 'aeaicraﬁl @niforni Y LIBA Soh b .00 5 over

its outer portion by the arr g at 1s uni Torn own from an ajir r7ng

equi pped wi tAIHIPPERLMIER RsbloWedy BT al80FANPE i PY 8f COMdIRE eFiBE0l ed

type or the afrtheoketeypeodheti doyms ont shentdimiecoobetiatype tthate leﬁg
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by the pﬁﬂchagﬁﬁF,QQRiqg 1s 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

15 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

20 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
25 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
30 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
35 high melt viscosity and can be extrusion-molded less
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taken up by a product w nder. The- fil mobtai ned according to the
present invention can be heat-set in advance to |lower the thermal shrinkage
factor to smaller than about 10% As the ul tra-high-nol ecul ar - wei ght
pol yol efin, there can be preferably used an ultra-high-nol ecul ar- wei ght

pol yol efin having an intrinsic viscosity [ [err]] 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 135[err]C. The

ul tra-hi gh-nol ecul ar - wei ght pol yol efi'n hal@ng an intrinsic viscosity of
smaller than 5 dl/g fails to exhibit satisfactory nechanical properties

such as tensgh@oshbArgi h and inpact strength. Moreover, because of its |ow
aglt

melt viscosity, the |e1r1]}. L‘%[T@'@%Pﬂgée ul a_ir.‘égvg[qﬂg éﬁﬂﬁ{'—%h&*g?t at es

together with the
t hi ckness begbhra-hdghvholeculan-welbghtc podysthyhenenratd| nliadeng it

Jdifficult tonphhailadi]&eLielighE eﬁ&?ﬁ??e?ﬁ €néSmay rb’jtiga ar

limtation o e upper limt_of t I NI T nSI"c VI scosl't .lerr] ], those

havi ng. an3i TPYRYEE i ARRE Fhen whiceashiotraiol eSulamHeielt high el

vi scosi ty ampotyoliefing ;j uahonlintaichiigbsmolecular-weight

10 favorabl . e t §a- he Odh= l.ad s dei g i _

ol ypropyl e ; . , a wei g

Bol );Cgl eP?/ns,mahea!LﬂJ& hs ghuctiirel aripengdr awineg} hiherefone pethavor abl y

used. Theou! 121 aibdfin B eulaeel &ithoPALYC (dih ERF RS hER! Ot - chai n

ol eoula st UL ROl g PTELY T peiranly, <he
inflation film of the ultra-high-molecular-weight

polyethylene produced according to the present

invention exhibits an intrinsic viscosity [#7 ] of not
15 smaller than 7 dl/g and, more preferably, from 8 to 25

dl/g.
The apparatus for producing an inflation f£ilm
which pertains to a second invention (claims 5 and 6)
of the present application has a feature in regard to
20 the screw die coupled to the extruder.
That is, the screw die of the present invention
has a second screw separately from the first screw, and
a mandrel coupled to the end of the second screw
rotates together with the second screw. Besides, the
25 first 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 lower than the
- rotating speed of the first screw. - Owing to this
constitution, the mechanical properties of the
30 inflation film such as tensile strength, impact
strength, drawing ratio in the machine direction and
the film thickness can be adjusted over wide ranges in
the same manner as stated in claim 1. |
In the apparatus for producing the inflation film,
35 furthermore, a stabilizer rod is provided at the end of
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inflation filmthat is nolded exhibits further increased strength and
elasticity. Desirably, the inflation filmof the _

‘ul tra- hi gh-nol ecul ar - wei ght pol yet hyl ene produced according to the present
i nvention exhibits an intrinsic viscosity [[err]] of not smaller than 7
dl/g and, nore preferably, from8 to 25 dl/g. The apparatus for
prodUC|ng an inflation filmwhich pertains to a second invention (clains 5
and 6) of the present application has a feature in regard to the screw die
coupled to the extruder. - That is, thelscrew die of the present

I nvention has a second screw separately fron1the first screw, and a mandre

coupl ed 1o tppoend flrd 10 OEONS U LEELALES SIS IEL Myt he second

screw. Besi dés TSt TSCrew o extru eran e-second screw |
rotates at sE@@G§QLﬁRx%%HGhF polaplefinepf Ihe imelteBostake ew can be

rotated at aexpetdiddvid thenfoim raf aki pipepFrbmiosdelliatiingciswehe@n ng
L s FonstEbe Uk oL N1 FRERIUY ;1# B3gPeakisty Ay ' Pe! Balidie [bE™ oU°h

as tensile s rength at 1o
di r ect i on JanBben&im Ib\l‘?‘ﬁﬂcﬁﬁé@b %raa'fl@gt-ed m@re Fer s in the

same nmanner Anfllatiertl £11ml fed@thres futBhehe idgeswéds thdclaiedyci ng the

inflation fi d her no, e d d ar i of

11 the mand*?g'F |llngloér}ger gep?'él?e?ﬁq{*#é {ﬁﬂ.@.ﬁlaaﬁsogcﬁic?%l ggu Ig:% gﬁg

pol yol ef i n ofPPR&E &8 Pf sthee prasenfedinventdianrhass aadiififerenae (R-
oscillating ValhbgtbéﬁWééﬂSa taEiGhin Ntheiokh & S@Ed b Y h&ﬁﬂmﬁmsure of the

air bl own I eiAA L {h"Ine R dhferbleial | @ fE-LYLT (GRIHLER L¥rher
nproved "t hi CKNESS

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

15 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

20 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

25 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.

30 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

35 (upper end) of the second screw 21 and rotates together
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precision. The inflation film produced by using the apparatus of the
present invention has a difference (R value) between a maxi mumt hi ckness
=and a m ni mum thickness in the circunferential direction of filmof not

| arger than 10 [err]m The apparatus for producing the inflation film
of the present invention will now be described wth 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 conpression ratio of from1 to 2.5
and, preferably, from1.3 to 1.8. A torpe 9 10 is coupled by screws to an
end of the first screw 3. It is desired that the torpedo 10 has a coni cal

shape to prevent the resi.n fron1sta¥%fg at the end of the first screw 3.
A screw di e WH hstb.eo\ﬁ%réen t SCFEYent~of the torpedo 10, i.e., on the
downstream side i @ qahrpassage124Wushfbmmedﬂinnthaysed¢mdsscwewr&#mer

that the am%%gf hhq._lﬁeclrrgg\gggrgl%&:;s aipp ggﬁ;res&gggga g 124 thgnaxifrom the

tor pedo 10 e SCrew d a secon at_a jposjtiion ed t
the torpedo the Iewerend of &he1S€CSOR ﬁ%‘ﬁ?‘ﬁy%& \;Ep nkafis P%!tootzhown;)

i ndependest | yhef sitabilizérsacelv 36 passifite tbroughscar grealhsbafthol | ow

t tube die 22 d
CHLCT Lbe 9 €, 22 40 o ShppaneE esiagfuasssl e cyladicnl simay

|rect on .l nandr el
23 is insertthei algrahsghmolas aFU eight opo yﬂ&éﬁ&ﬂr@?wgglsﬁiecured'
to an end (ugpabl§ndupplibd teoweardsthew Homtdsideatcets thgeexaruder

12 with thecqgs Yobbe 22 of e q24yBidgesed.in the second
serew 21, %%qﬁe sgrj}’%iﬁ{‘& S5 I8 2b U DheTier then s,
preferably, not smaller than 15 and, more preferably,
from 20 to 70. The ratio (S1/82) of a sectional area
S2 of the resin flow passage at an intermediate portion
20B of the screw die to" a sectional area S1 of the
15 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,
20 preferably, from 3.0 to.6.0.
There arises no particular problem when the ratio
S1/82 lies within a range of from 0.5 to 2.0. When the
" ratio S2/S3 becomes smaller than 2.0, however, the
. molten resin is not completely uniformalized. When the
25 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
30 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
35 maintaining a high dimensional precision of the molded
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the .l ower end of the second screw 21 up to the end of the stabilizer rod 26
passi ng through a netal shaft. : In the apparatus for producing the
‘inflation film the ultra-high-nol ecul ar-wei ght pol yol efin 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, nore preferably, from20 to 70. The
ratio (SI/S2) of a sectional area S2 of the resin flow passage at an
internmedi ate portion 20B of the screw dieg3o a sectional area S1 of the
resin flow passage at an end 20A of the second screwis from0.5to 2.0
and, preferabl¥. rom0.8 to 1.5. Furthernore, the ratio (S2/S3) of a
sectional ar@8-$58° 1 he resin flow passage at an outlet 20C of the screw
die to the sectioffile #tmasghtspoxtaon oussaldy has, apr &/8& &f yEremom 3. 0
to 6.0. . abBate 0arl s aboRdr to.®) ar probl em when the ratio S1/S2 |ies

D 3 " anoe o s Bl bk, Sop EGHE Y VST SRRy
the rati 05S2the presant 1tnventden hasrahgignificanti featarker tnpbébenes
G R o o O i AT
screw 'dig 20688 ha??o%ﬁ?omsf Soth Fé‘(taezdg of %h\gc%%\?ﬁﬁ?efzarhat
is, though twWatbceesthkilizeap@lateiforsfodding and: takingpep @ad of
o5 o P e S LRy 4, ghiEedesot Ttk 0 soedoto
o 1 98 PRSP . pEERLIR Y 0L BEOR Rt i fhon 30
13 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
15 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
20 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
25 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-
30 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 so
35 set that a pressure of the extruder 1 indicated by a
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arti.cl es. . The straight portion usually has an L/D of fromabout 0.1 to
aboeut 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 taking up an
inflation film 31 having a thickness of from10 to 1000 [err]mwhich is
obt ai ned by cooling a pipe-like parison 30 extruded fromthe screw die 20
by the air ring 25 and by inflating it wil4 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 ed e (Y4 no a é&g{b ed
in the conveﬁl{ﬁé%na]p' %&fl o#if ??m%rl% i igﬁ%ﬁhl%ﬁ? . gg ﬁﬂ§h8}i
further nor e, Y23RIR abi F‘%rm?%ﬁeEGHas”p?%l G§ sded, ﬁ,ﬁ)‘b‘ér 8r tﬁ‘EﬁF‘ﬁf {8e

outer die 220rus.ﬁakau wh aasalmpéédoﬁghtehethanrthg 8pewd] &f Wi ndbr eak

cylinder I | shaft and a

pi pe- I|ke ne gg@%lyzfﬁ?é t%% #%EP ﬁé#tﬁgﬁ ?e?&ehgff§ls coupled by
screws todarP e&erm@%naaéﬂaw R F-osﬂ’d-fb( r%t%‘ésre&ﬁaﬁ&%g ram
rotation of thhe eadoodt axHeWS%bﬂMmzrrodhe:nrqmghlkhengaberpa&aqesel y

fitted to t'?ér\%dﬁsé %orﬁ&?€£ﬁ taf%lh%h 98 n3Gl §nnot tw sted though it is

linearly ex er sur ace of t he _pi pe-like
member . Preferred hﬁxﬁ ird ﬂBWQRﬁ#?ﬁp@ | the BHARSAL| APPIdCAE10B  iLhe-

contai ni ng pebyseractlionith Aohymigereoasodnflletion filmlsbtained bgsin
P11 e O DS Lo fle e PR B e BECU 38 Mg o
speed of th@%@%éﬁd%d%@#?!mh&?fl?é&ﬁ s§tzengtiniin la@‘ébs@b@ ;aghine
extruder 1 idireetddryaid the transverse direction, having
excellent impact strength without fluctuation in the
thickness over the whole film surfaces.

15 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

20 has a tensile strength at break of greater than 1660
kg/cm2 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
25 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,

30 greater than 2000 kg/cm2 and, more preferably, greater
than 2400 kg/cm2 in a machine direction (MD) and
greater than 1600 kg/cm?2 and, preferably, greater than
1700 kg/cm? in a transverse direction (TD), an impact
strength of greater than 9500 kg-:cm/cm and, preferably,

- 35 greater than 9700 kg-cm/cm, a thickness of from 10 to
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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
‘t han the speed of extrusion. Then, the parison is inflated at a
predeterm ned inflation ratio with 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 uniformtebSile strength in both the machine
direction and the transverse direction, having excellent inpact strength

wi thout f1uciyghl pm ! "R-VRIGESE A¥Er LigeotRahl 10 quifagdsan  The

inflation fil'mof“the present invention conprises an ultra-hig
- ol ecul ar - mengmnmc/ovescnsndw nig7ah 9t akndieask sZo@Mﬁ:[ [ﬁ%ﬁl] of not
smal | er than:.ﬁfdlafhg.candfz.hmebmatg yobtadned thy 28eltiggarkhe uitdaress of

from10 to g Hﬁﬁ}%??l%? wﬁ#&ﬁ%'ﬁalgaﬂ@fﬁﬁ ﬁntaﬁﬁégtﬁﬁaéﬁéfh at break

of greater t d th

kg/ cnierrP |ﬁxFﬁ@deEilF@edFFﬁéFggHulgﬁﬂ“%dﬁgh%E?Eregh%é%ﬁﬂgngﬁ nferr] and,
preferably, podsicdefimnftdf0 akgarewr diei havingr ansleieofii agctlienstah

| mpact st renagaogx \%zgftf Bﬁ}egé%kahe&fdwﬁé@ Indeptideaely l0f the

greater than cm ue, of not l-ar th 10 pm
A typical inPFEEWP |ﬂ3@c6 ‘%‘g%ra Et?@'%’g%g ﬁnlgé"(ﬁlllg?{: g’ﬁt p

pol yol ef i n hmoltem twmslae ﬁthgfbrmedbtbgaktbé gmlwnanol%o
kg/ cnf e”]oanggﬁi&g:&ﬁﬂré’h Eé%ﬁt &n tiﬁ‘ﬁ?;l %&%&EEZ :fld @r&raﬁs gf aRh¥io

greater t I rectlon at er’ .t han_1600
kg/ cn2 and, pReftdien tﬂ@c QF@mQ&r?%Eﬁ°¥7M? 9¥t$%gi$$Fé§hﬁ9eZtlon
(TD), an inpact stHergihthe mmachinet ﬂaJréiﬁﬂDokg[(MDr)] atandandomraf er abl y,

greater thangy97QQ.¢plE" theWhyBh 2h8 #4150 SioTehka® Up [ Cand the
transverse direction (TD) stands for a direction at
15 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 regular intervals in a transverse
20 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
25. 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
um, and is substantially free of fluctuation in the
30 thickness. 1In this respect, the inflation film of the
present invention is radically distinguished over the
conventional ultra—hlgh-molecular—we1ght polyoclefin
films.
The ultra-high-molecular-weight polyolefin
35 inflation film obtained:by the present invention can be
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15 1000 [err]m- an R-value of- not larger than 10 [err]mand an intrinsic
viscosity [ [err] ] of at least 7 dl/g, said inflation film being obtained
by nelting the ultra- high-nol ecul ar-wei ght polyolefin in an extruder,
extrudi ng the nolten ul tra-high-nol ecul’ar-wei ght polyolefin froma screw
die having an L/D of at least 5 and having a mandrel which rotates

| ndependently of the screw of the extruder, and blowing a gas into the
nolten tubular filmfornmed by the extrusion to acconplish both an inflation
ratio and a drawing ratio in the machi ne dig ecti on which are not smaller

than 7. Here, the machine direction (MD) stands for a direction in
whi ch the filmd Kk r sgdi ' T s for a
direction at 1?%% tagnq'lq'é{sﬂ%%Zﬁgﬁ%&%élgﬁﬁghR?\%I#:%iéP&asngi ?12 0 s he
uniformty ofSREEesy| %tt% c kKRBRETATPY 10 2Ht gg.egiaqq]'f}g:éﬁcge a

maxi mum t hi ckrmssagueonsti el avbtrbiiytdrescelitas sueh a&s 381lkaldt ©edtls ggul ar

ot s i : , b hey :
of thi ckness TithEHa) I CLIfEL! JpH de6rpbl Bdtthiiodl Bleugpyenness
consi der abPy h¥REPIPR Gelhanapde Mickgircadmiumy ee}]s m pentaantion

suppressi ng afillmp fFort overtngl aolls ghpiges mmd hetesldpdgesd exhibits

hi ghly stron Gt h I bl ghs r- ol yol efin
Besi des t he ?@l‘%{:%gg&%flsﬁ%iﬂﬁlgﬁgl ?%C%ggggog%ogﬁu%ﬁ é:%gﬂgb I 'f erence
bet ween a M GAREREARNEesANANEPRLHINIEPPHRCRNGIs &F hedmetSyer than 10
[err]m and isaitlbeaads AlgYifiiag cfurfacésabifoskis f hetéhi ckness. In this

| pas Loo! : : . 118 ]| ! '
st ngui Mled oer CoRbetELY, shRBIRES hurEHE AL | “eh8ibrdoniahz |
films. THeo Leendam-yrehghtcprdycde fin pafjatdon fhlmaﬂ%orthm m

obt ai ned by. tjweepenteinvewtiibnoeagibdeused as sliding tapes, thrust
washers, gliding sheets, guides, doctor knives,
cassette tape liners, slit sheet for cassette tapes,

15 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

20 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

25 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

30 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

35 film such as mulch-film, green film, electret film,

AT

This Sheet Has Been Replaced



a4 i i

16 .used as: Ilnrng naterlals such as of silos, hoppers, chutes, etc.
_separators for electrolytic cells and non-aqueous el ectrolytic ceIIs such
‘as alkali cells, lithiumion cells, |lead storage batteries, nickel-

hydr ogen cel | s ahd'nickel-cadniun1ce||s, contraction films for covering
roll's, pipes and steel pipes, packaging filnms for packagi ng foods,
packages, containers, and sporting goods such as hel nets, sail boards,
gliding surfaces of skis, etc. Concretely speaking, furthernore, the
ul tra-hi gh- nol ecul ar-wei ght polyolefin ipflation filmof the present

I nvention can be used as sliding tapes thrust washers, gliding sheets,
gui des, doctor Lve casse%te p ers, .slit sheet for cassette tapes,
bags V\nthstacﬁ%?ﬁg iqmy, fog é‘l‘a:ltlﬁ'ég ﬁ?ath%‘ﬁ??nWFﬁ'@H‘Jtr}gm efESgs for
preservatlon(EXAMﬁﬁmﬁﬁhperatures tapes for packaging, starting materia
for obtaining hi gt StdAeALdEA'rIEl Mow beidfér SBRRLIHP Bay! BFU! 2l 1 N0
films, polyqlefin-coated rubber rolls,.packages tor goods, pacxages for

bl ood, split §3WR&?§%XES for clinbing, woven fabrics, nonwoven fabrics,
drawn t ap8s, (Exampde floy preventing blood platelets fron1freezing, sai |

cl ot hs, explosionAwwagﬁgénﬂlgﬁ@ﬁaae&ﬁgaggw%ﬁéy{oﬁggggﬁyigé%gutting

safety gl oves ié% | a pE€+§mo ectric ers
vi bration boHH YRg PIFRREEd by s iBfe ans \BRPAFREUSAper s,
printing papshewhodnoRikpor lehaviing, tkevEéodissring aspecinficapiokag ng
material s fOQspdal eHcASoRENG FAGHY | abal R absor bi ng agent,

sterill

air-per bIe packages euri zed packaging material s,
base fagﬁﬁc forgﬂﬁﬁg %#% Bre %kﬁ%ﬁg§ﬁ§QWuQﬁlal for nmedical
i nstrunents, seektmydearkage for wat er - adjusted articl a9 pggparator filns,

filtering naierggkéggigélig?étﬂnglg%rg& filters, agwé%ﬁtﬂﬁal /HJEffCh

~as muich-film gieeﬁt p1 ch- ctret 30 mm constant

Compre551pn ratio of screw: 1.8

15 Effective length of screw die
erected on the extruder: 1075 mm (L/D=30)
Inner diameter of outer tube die
at die outlet: 36 mm
Outer diameter of mandrel at die

20 outlet: . 30 mm
s1/s2: . 1.16
82/83: _ 3.07
Outer diameter of second screw
of screw die: . 50 mm

25 Effective length of second screw: 160 mm (L/D=3.2)
Flight pitch: 30 mm constant

Compression ratio of second screw: 1.0
Outer diameter of stabilizer rod: 26 mm
Length of stabilizer rod: 400 mm
30 The apparatus is equipped with a gas passage of a
diameter of 8 mm extending in the second screw, in the
mandrel and in the stabilizer shaft, and with a
stabilizer plate, a pinch roll and a product take-up
device.
35 Production of an inflation film.
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17 ', construction material such as hoyse wrapping, etc. (EXAMPLES) The
I nvention will now be described by way of Exanples. (Exanple 1) An
~ul tra-hi gh-nol ecul ar-wei ght pol yethyl ene inflation filmwas prepared by
usi ng an apparatus shown in Fig. 1 having the follow ng specifications.

Speci fications of the apparatus. Quter dianeter of first screw of

ext ruder: - : 50 mMm Effective length of screw.
1210 nm (L/ D=22) =~ Flight pitch: - 30 nm const ant
Conpression ratio of screw. 1.8 18 Effective length of screw die
erected on the extruder: - 1075 nm ( L/ D=30) | nner di aneter of
outer tube die t 0 Qut er

di anet er of nandrAﬁ u?%&‘;ﬂiéﬁ—??l?cular-welght polégiﬂgﬁene 30 nm
S|/ S2: inflation film having a; fpldingowidth of 510 mm and a

3. 07 -Qut eth Lt lene@ser o zaaaqmdwaerabl}of sodaved &y using a

50 Eff h _of 0 F h
o AU TghdeE 68NE e %CMhS uléﬁ vﬁé‘f ess%&fé?'hg Setcon q
screw. 150 haviuge[ 70 ackt dd f dlAQl,I anemmmabf n@ﬁ dargetethah of

stabilizer roM1 g/10 min4P0a Neltingl o Bppadét W36 *C camd ppebulik h a gas
passage of a di anFterfof S{n"nﬁxtgndl ng’tllrhth geg%%qcus LW o |n thet mandr el
and in the F¥ePEs et T ’
_ portion (J), a die base (D1) and a die end (D2) shown
in Fig. 1 at temperatures of 280°C, 230°C, 200°C and
10 170°C, respectively, rotating the first screw at 15 rpm
and the second screw at 5 rpm, blowing the compressed
air from the gas passage of a diameter of 8 mm
extending in the second screw, in the mandrels and in
the stabilizer rod while taking up the parison by the
15 pinch roll at a speed of 5 m/min so that the parison is
inflated about 9 times as great as the inner diameter
(36 mm) of the outer tube die.
(Example 2)
An ultra-high-molecular-weight polyethylene
20 inflation film was produced under the conditions of
Example 1 but setting the specifications of the
apparatus as follows:

Outer diameter of second screw: 60 mm

Effective length of second screw: 190 mm (L/D=3.2)
25 Flight pitch: 36 mm

Inner diameter of outer tube die

at die outlet: 40 mm

Outer diameter of mandrel at die

outlet: 30 mm
30 Effective length of die: 1075 mm (L/D=27)

s1/82: 1.8

82/83: , N 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,
35 and thickness to be 100 um.
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stabilizer plate, a pinch roll and a product take-up device. Production of
an inflation film 18 An

“ul tra- hi gh-nol ecul ar-wei ght pol yethylene inflation film having a folding
width of 510 nm and a thickness of 25 [err]mwas stably produced by using a
powder of an ultra-high-nol ecul ar-wei ght pol yethyl ene having [[err]] of
14.0 dl /g, an MFR of not -larger than 0.01 g/10 mn., a nelting point of
136C and a bul k density of 0.47 g/cnf-err], setting the extruder, a joint
portion (J), a die base (Dl) and a die end (D2) shown in Fig. 1 at
tenperatures of 280[err]C, 230[err]C, 200[err]C and 170[err]C,
respecti.vely, rota%in the first screw at 15 rpmand the second screw at 5
rpm blomﬁndqﬁﬂpﬁ ﬁpgéssed air fromthe gas passage of a_ diameter of 8 nmm
extendi ng i n t he Becodtrarkighrmolleswbanrwed gt pelyethydsme i zer rod

¥ﬂile takinqn&1AHfoﬁa@f§p-?ast_ d&ﬂa@arahq§ﬁ E?ipééﬁdmiibﬁ%n?ﬂ s?3ghat
e parisongs inflate out, 9.tI as_great..as_ Lnper .di aneter
nm of thetﬁﬁQWPiﬁbi %&% f?&gﬁﬁdrﬁbe sSeckEiﬁ%?%§h?g§%m#Hﬁular-weimﬂ
pol yet hyl 2nepparatusn s |febdewproduced under the conditions of Exanple 1
but setting theropgeihiccaipsed oF HixrspPacaeus as fol hQws.rpm Quter

di aneter of se ng gGLEW 6% mm éﬁfectiyp Ieng&hsof second screw.
190 nm (L/ D:3.§?° ating, fpeed pr second screw: *93¢HM I nner
di ameter of outBakewbp dpeed:at die outlet: _ 3.3 m/min 40 mm
Quter dianeter phfiRRdH Patibe outlet: 10.0 30
m 10 Folding width: 565 mm
Thickness: - 15 um
(Example 4)

An ultra-high-molecular-weight polyethylene
inflation film was produced under the conditions of
15 Example 3 but setting the specifications of the
apparatus as follows:

Take-up speed: 1.72 mm/min
Inflation ratio: 8.0
Folding width: 452 mm
20 Thickness: 40 pm
(Example 5).

A film of a thickness of 25 um was stably produced
under the conditions of Example 1 but setting. the
specifications of the apparatus as follows:

25 Effective length of screw die _
erected on the extruder: 250 mm (L/D=7)
Rotating speed of first screw: 5 rpm
Rotating speed of second screw: 1.5 rpm
Speed of pinch roll: 1.74 m/min

30 (Example 6)
A film of a thickness of 25 uym was stably produced
under the conditions of Example 1 but using a powder of

an ultra-high-molecular-weight polyethylene having [ 7]
of 8.1 dl/g, an MFR of 0.01 g/10 min, a melting point

35 of 136°C and.a bulk density of 0.45 g/cm3 and by

is Sheet Has Been Replaced

T



. e s e aP e et LA VRO

Effective I'ength of die: . 1075 nm (L/D=27)  S1/S2:

1.8 S2/ S3: 2.0 and setting the take-up
"speed to'be 1.1 mimn, inflation ratio to be 8.0, folding width to be 503
nmm and thickness to be 100 [err]m ™ 19
(Exanpl e 3) An ul tra-hi gh-nol ecul.ar - wei ght pol yethyl ene inflation film
was produced under the conditions of Exanple 1 but setting the

speci fications of the apparatus as foll ows: Rot ati ng speed of first
SCrew. 7.5 rpm Rot ati ng speed ohgsecond screw 2.5 rpm
Take-up speed: - : 3.3 mMmn Inflation ratio:

10.0 Fol qj

i dthy i 8SsS:
15 [err]m( gﬁbmg4l€1}e fte%eﬂ?)f?’é-ehiogh-%? e%g?'gga% g%? ggpyg’ts'hyl ene
inflation fi(Gemparaptévyecd&rample Lhe conditions of Exanple 3 but setting
the specificati ongt ofrakh@tydipeédstas fodmoasEilm bikea UghipkeEss of

iSszqd m Q}%SC%L@&&E%” tH¥ 'Sonditions of Exm&glﬁe?jr ]%ﬁnf Egglrl%lgﬁ%\)'\‘lzﬂéh A
filmof a5teffertivef lemgth r9fn khe scusw diedexresrtedcent ke onditions
of Exanpl e leptiudeit itdd dehelspe¢il/pcal ip/p) of HokrerrdR) afUsght fRALRYS:
Effective | Qtihg" s8868H Udrew 81&°uet WiblfpRi Ve parison 250
mm ( L/ D=7) !
could not be favorably drawn, and no f£ilm could be
obtained. ;

10 (Comparative Example 2)

It was attempted to form a film of a thickness of
25 um under the conditions of Example 1 but setting the
inner diameter of the outer tube die to be 46 mm, S1/S2
to be 1.16, and S2/S3 to be 1.0. However, flight marks

15 of the second screw did not disappear, the parison
could not be favorably drawn, and no film could be
obtained.

(Comparative Example 3) _
- It was attempted to form a film of a thickness of

20 25 um under the conditions of Example 1 by using a
commercially available polyethylene having [# ] of 3.2

. dl/g, an MFR of 0.03 g/10 min and a density of 0.950
g/cm3. However, the melt viscosity of the resin was so
low that the parison rotated being drawn by the

25 rotation of the mandrel and was twisted, making it
difficult to stably form the film. .

Properties of the above-mentioned films were
evaluated in accordance with the methods described
below. The results were as shown in Table 1.

30 (1) The tensile strength (MD: machine direction) and
the tensile strength (TD: direction intersecting the
machine direction) were those values (TS: kg/cm2)
obtained under the following conditions:

Tensile strength testing method
35 and shape of testing piece: JIS K 6781
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Rot ati ng speed of first screw ~5 rpm Rot ati ng speed of second

Screw. 1.5 rpm Speed of pinch roll: 1.74 mMmn
"(Exanpl e 6) A filmof a thickness of 25 [err]mwas stably produced
under the conditions of Exanple 1 but using a powder of an

ul tra- hi gh-nol ecul ar - wei ght pol yethyl ene having [ [err] ] of 8.1 dl/g, an
MFR of 0.01°g/10 mn, a nelting point - of 136[err]C and a bul k density of
0.45 g/cnferr] and by 20 setting the
tenperature. of the extruder at 240[err] C23(Conparative Exanple 1) It

was attenpted to forma filmof a thickness of 25 [err]munder the

condi tions of ctive | of the screw di e
erected on the%%?%ﬁgg %Lg%"E%éo%?'L/ %’%&g}f{% Hovvefl}éégrJ lﬂlPI [ ght mar ks of the
second screw diRnkbingi speeds . the parison coul d-nA0hamMMAMGRabl y dr awn,
and no fil'm COUj_'éhl ralatua;igued (Conparative Exanple Z3°c It was

atterrptedt ls 5 rr. e h tjans
of Exanpl e 1 r%@? F‘#@é{cﬁ: a?{r“l%é?l mne‘?éré Fi-l? e‘;a{(;ju er b%gff’é}ﬂ) g 46
nm S1/ szStbma&mg skrengtissobgained qandgrekhe ngavmsr ks of the
second screwghdivpbngissappear, the parison could not be favorably drawn,

and no filmco e_aqbt ai ar It was
attenpted to f:ﬁ%g FF‘P‘rﬂ ofr}?%tfﬁ‘ﬁ% esgﬁlb¥325§%re%é rﬁ%ﬁﬁ%'r the conditions
of Exanple 1 by using a comercially amnuﬁastmqpbtbwl'éﬂyowg:dgl Co.
[[err]] of 3. ZgglsgClQ@-l\/FR of 0.03 g/ 19onkg-afd a density of 0.950 g/cnB.
Hovever,j§he My XbeCollyY ShrFded 25 dndPinth in diameter
(3) The thickness (um) of the film was measured under
the following conditions: |
Measuring instrument: Thickness measuring
instrument, “Digi-Thickness
15 Tester” manufactured by Toyo
' . Seiki Co., detecting ability,
1 ym (detecting precision,

. 2 um)
Measuring method: ~ The film was measured at 32
20 points at regular intervals in

the circumferential direction.
(TD), an average value thereof
was regarded to be a
_ thickness, and a difference
25 between a maximum thickness
~and a minimum thickness was
regarded to be an R-value.

Standard: JIS 2 1702

Pushing rod: 5 mm in diameter
30 Load: 125 g

Measuring pressure: 0.637 kg/cm2

Temperature: 23°C

35 ‘This. Sheet Has Been Replaced .




| ow~t hat the parison rotated being drawn by the rotation of the nandrel and
was twisted, making it difficult to stably formthe film Properties
“of the above-nentioned filns were evaluated in accordance with the nethods
descri bed below. The results were as shown in Table 1. (1) The tensile
strength (MD: machine direction) and the tensile strength (TD: direction
intersecting the rmachine direction) were those values (TS: kg/cnferr])

obt ai ned under the follow ng conditions: 22 Tensile strength testing nethod

and shape of testin ece: JIS K 678
21 D stance bet\% the chu'&s \vé( é rrm-l &ul I-Hng spee‘a
200 nmi mi n Tenpera ™3 ~ 234C (2) The fnpact
strengths were the val es (kg[err]lcmcm of breaking strength obtai ned
under the follow ng&thditiehs; 2 I\/egsurl ng i n,‘gt ruﬁentm Fittm i®pact tester
manuf actured by Toy§ Fpi-ki €. S Capacity: 30 kg[err]cm
| npact ball surface:, one inch in d| aneter (3) The t hi ckness ([err]m of
the filmwas measurg nder & hedf ol | owi ng candhbl ons: o Masurhng
i nstrunent  Thi ckness asug ng M S l,:, i st rynent ,
"Di gi - Thi ckness O H Tester™ mAnuf act ured By Toyo
Sei ki Co., detecting ability, 1 [err]m(detecting
preci sion, - 2 [er rgrr) © Msasum ngnmetchod The
filmwas rreasured agg 32 ©® 9 . p0| .nt $ at reguhar
intervals in the circufifer®ntial direction
(TD), an average val ue t her eof
n o o o o v ~ o n <
* . un ™ 3¢ —i o . P ™~
ér < ~N . . n — .
—i i [as) =
3 3 g % 8352
= -4 L] i o™ i
¥ e 5 & 8 5 85 92 49 92
~ o] « © . s N~ N ™
o K - i - ™
i
'g o~ [Te] o o 0 |
& < S — ~N -
1 3£ 8 ®835518- s
| ] L] (421

dl/g
mm
nmg
mme

(Ex.:Example, Comp.Ex.: Comparative Example)
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[err]

5 mmin dianeter
23

and a difference
0.637 kg/cnferr]

and a m ni num

t hi ckness,
regarded to be an R-val ue.

2 [err]

Pushi ng rod:
Nbasuriqgipressure:

125 g

JIS Z 1702
23 C

was v egarded to be a
between a maxi nrum t hi ckness

't hi ckness was
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Load:
Tenper at ur e:
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24 , CLAILMS 1. A nethod of producing an inflation filmof an

ul't r a- hi gh- nol ecul ar-wei ght pol yol efin conprising the steps of:

“mel ting the ul tra- high- nol ecul ar -wei ght pol yol efin in an extruder equi pped
with a first screw, extrudi ng the nolten ultra-high-nol ecul ar - wei ght
pol yolefin froma screw die having an L/D of at |least 5 and having a second
screw and a nmandrel coupled to the end portion of the second screw, said
second screw being allowed to rotate independently of said first screw of
the extruder; and inflating the molpgn filmin the formof a tube by
blowing a gas into the filmto forman inflation film 2. A nethod
accordi ng tgi@hi&gll’ wherein the rotating speeds of the first screw of the
extruder an —he second screw of the screw die are variable

i ndependent|y of each other, and the rotating speed of the second screwis

claim L, wherel nt?ﬁS g afod 6t proiduasiey. an ”‘ﬂ%?é??h*fﬁ%%“"‘;ﬁ” Bng to
intrinsic vi T9 FF‘ a"ﬂ ‘?fﬁﬁfwﬁﬁsﬁl%er ?hgﬁﬂbé)%# 94 HBehod
accordind t steps o»f:of clains 1 to 3,. wherein the
ul tra- hi gh- nol eC%é!LtWﬁ'gQfﬁhé’%xeh:%mgﬁ—ﬂalébﬁﬂaafuﬁélgﬁlte E o‘l@ﬂ}fﬁ
pol yet hyl ene arat us duci infla
conpri si ng dﬁ‘ & r%EF |%‘5le 3&? gg‘vré%' -\l ‘é('screw d| e havi ng
an L/D of at | easexﬁ;:udmgaihheamdlt@mvubltgaehrqghmlecaémrdﬂeighw whi ch
rotates i ”dWPéEXnOffMdafé&%bvﬁcdféV havinedran £2BPb¥d 40 188skors end
of the Sf$oqﬁﬂfgmem/and rotatgs t oget her wéth t he ecgnd SCr.ew, ﬁn %ﬁ§$
Lube di ¢ SYHBInAnRETORd ARERY dhd A mendreel colplad,
t he end portion of the second screw, said second screw
being allowed to rotate independently of said first
screw of the extruder; and
inflating the molten film in the form of a tube by
15 blowing a gas into the film to form an inflation film.
2. A method according to claim 1, wherein the
rotating speeds of the first screw of the extruder and
of the second screw of the screw die are variable
independently of each other, and the rotating speed of
20 the second screw is set to be lower than that of the
first screw.
3. A method according to claim 1, wherein the
ultra-high-molecular-weight polyolefin has an intrinsic
v15c081ty [7] of not smaller than 5 dl/g.
25 4. A method according to any one of claims 1 to
3, wherein the ultra—hlgh-molecular-welght polyolefin
is an ultra-high-molecular-weight polyethylene.
5. An apparatus for producing an inflation film
comprising an extruder provided with a first screw, and
30 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 mandrel coupled to
the top end of the second screw and rotates together
" with the second screw, an outer tube die in which the
35 nandrei is inserted, and a passage extending inside the

I ""’ﬁiﬁi’"‘,iii,ﬂ]ﬁ i




- 25 ,second screw and the mandrel for introducing a gas, wherein said
sCrew die is coupled to the extruder at the bottom portion of the second
“screw. 6. An apparatus according to claimb5, wherein a stabilizer rod
i's connected to the top end of the nandrel. 7. An inflation film
having a thickness of 10 to 1000 [err]m and conpri sing an

ul tra- hi gh-nol ecul ar-wei ght polyolefin having an intrinsic viscosity [
[err]] of at least 7 dl/g, wherein said inflation filmhas a tensile
strength at -break of greater than 1660 k@bcnR2 in a nmachine direction and
greater than 1600 kg/cn2 in a transverse direction, an inpact strength of

reater thar n | d f
8n| formty of f|{=rfr.1é§"]h|cdq§1er%%é ﬂ?ﬁar?]baf&f iﬂ‘%tg?bdu%%ﬁ :F’z g;i maxi num
a

I,ne
Uhi ckness aRSFGR; ABHA ISCRRESS puas, cotnted
interval s |mhetbahtomrpenhxamtoﬁnthb HMBdndnsoremot | arger than 10

[err]m . Af i nhha Fatibagedtdih§0ts! @it 3MeqRRRLiRE a
ot o oo o e P e S T T T o
- SHEET mandrel.

7.. An inflation film having a thickness of 10 to
1000 uym and comprising an ultra-high-molecular-weight
polyolefin having an intrinsic viscosity [ 7] of at
10 least 7 dl/g, wherein said inflation £film has a tensile
strength at break of greater than 1660 kg/cm? in a
machine direction and greater than 1600 kg/cm2 in a
transverse direction, an impéct strength of greater
~ than 9500 kg'cm/cm, and an R-value which is an index of
15 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 um. '
20 8. An inflation film according to claim 7,
wherein the ultra-high-molecular-weight polyolefin is-
an ultra-high-molecular-weight polyethylene.

25
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