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ARBSTRACT OF THE DISCLOSURE

A resin composition for producing a film is provided.
The composition comprises (A) a high-density polyethylene
having predetermined melt flow rate, density and melt

tension, (B) a propylene-based polymer having predetermined

melt flow rate, (C) talc, (D) Ca0 and/or Mg0O, and (E) a
surfage active agent. The resin compositions is reédily'
formable into a film naving excellent strength and water
resistance as well as paper-like texture and rigidity. A
method for producing a f£ilm by blown-film extrusion from
such a resin'composition is also provided. 1In this method,
both ratio of diameter of the resulting bubble to minimum
diametér‘of'the.bubble and ratio of,léngth in machine
direction of the:bdbble.with‘predetermined diameter to the
die diameter,aféadjuSted-tb'fall within predétermihed

ranges.
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TITLE OF THE INVENTION

Resin Composition for Producing a Film and Method for

Producing a Film by Using the Same

TECHNICAL EFIELD

This invention is directed to a resin composition for
producing a film, and a method for producing a filmby,using
said resin composition. More particularly, this invention
rélates to a :esin composition which may be formed into a
film'having excellent strength,'water resgsistance and folding
| prOpertiés”as,well'astextureand rigidity COmparablé to
théaé af‘papers. Thisuinvention ia'alSO'directed.to‘a

method for produCing'a.film’from said resin'composition.

- . | D‘.:‘.
Papéra;.polyethylene fllms; palypr0pylene fllms and
othér polyolefln fllms have been used as wrappxng materlals.
fRecéntly;ﬂpolyoleflns,'in partlcular, are dften used for
:wrapplng purposes 31nce they have axceilent formablllty,:and
 the fllms formed havéuéaéelleat streagth and‘wataf
',I#éSlétéﬁdeaaja ”\' ” ' - e
4 _  Papers;h6WeVéf;'afaatiiluaad farwrapping:highéciaSS‘-

.l'

'5',commod1t1es 81nce paper~wrapped commodities give higher=-

f[grade appearance. =In-v1ew of such a 51tuatlon, there is a

‘giademand for a paper llke polyolefln fllm provzded WLth



excellent strength, water resistance and formability
comparable to those of polyolefin films as well as texture
and rigidity comparable to those of papers. For example,
there 1s proposed in Japanese Patent Publication No. 46~
41463, a paper-like polyolefin film comprising a high-
density polyethylene and/or a polypropylene having calcium
carbonate, talc, and other inorganic fillers added thereto.

.This.prior art paper—like polyolefin film was inferior
in its strength, rigidity and formability compared to
polyolefin films in spite of its paper-like appearance and
texture.

An object of the present invention is to provide a
‘resin composition which may be formed into a film having
eXcellent stréngth, water resistance and formability
inherent to the polyOlefin-films together with texture and

rigidity Comparable to those of papers. Another object of
the-preéent inVention is to providé a preferable method for

producing a fiim'by using said resin cOmpOSition.

DI§C:Oi; OF THE INVENTIC
'\To.obviate the'pﬁobleﬁs'as_described‘above, there is
provided”by thepfeééﬁt’inVentibna resin composition for
 producing a filmECQmpriSihgf
(A),35‘t087 parts by weight of a high-~density

\polYethYlene.haVing melt flow rate at 190°C of 0.01 to 0.1
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g/10 min., density of 0.938 to 0.965 g/cm3, and melt tension
of at least 10 g;

(B) 3 to 25 parts by weight of a propylene-based
polymer having melt flow rate at 230°C of 0.3 to 10 g/10
min.;

(C) 10 to 45 parts by weight of talc;

(D) 1 to 10 parts by weight per 100 parts by weight of
(A), (B) and'(C) of CaO and/or MgO; and

(E) 0.05 to 1 part by weight per 100 parts by weight of
(A), (B) and (C) of a surface active agent;

wherein (C)/(B) is from 2 to 4.

According to the present invention, there is also
provided a method for suitably producing a film from said
resin composition wherein the film is produced by blown-film
extrusion (inflation technique). This method is

characterized in that the extrusion is carried out under the

conditions wherein ratio Ra/Rg of Ra, which is diameter of

the bubble farther than the frost line, to Rg, which is

minimum diameter of the bubble between the die outlet and
the frost line, 1is between 2 and 6, and wherein C, which 1is
length of the bubble in machine direction between the die
outlet and the frost line of the bubble wherein the bubble

has a diameter of from 0.8 to 1.5 folds of the die diameter,

1s 2 to 15 times larger than Rp, which is the die diameter.
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BRULE Do CRIPLLON OF iHi DRAWING,

FIG. 1 is a schematic view illustrating the process of
the present invention wherein a film is produced by blown-
film extrusion using the resin composition of the present
invention; and

- FIG. 2 1s an enlarged schematic view i1llustrating the

characteristic features of the present process.

Dol MODE EFOR CARR mx- QUL 1o LINVIENLLON

The present invention is hereinafter described in
detail "

The hlgh den81ty polyethylene, which may be used for
'component (A) of the resin comp081t10n for produC1ng a film
of the present rnventlon (herelnafter 31mply referred to as

compohent.(AJ), has a melt flow rate at 190°C of 0.01 to 0.1
'g/lO min., preferably O 02 to 0.07 g/10 min., and more
'preferably 0. 02 to 0.05 g/1o m1n.,7a den81ty of 0. 938 to
- 0. 965 g/cm3 and preferably 0. 945 to 0. 960 g/cm3 and a melt
""tenSLOn of at least 10 g, and.preferably.at least 15 g. The
:,melt\tees1on'used;hereln 1s'a_tension'ef'the'reSin in its '

'mmolten state, and 1s measured Wlth a melt ten31on tester

o manufactured by Toyo Selkl K K under the folIOW1ng -

condltlons

'el; nozzle_used;l'L #'8.000 mm, D = 2,095 mm

 ‘ﬁlfte@perature;  190fC.

........

,,,,,



pull rate: 2 meter/min., and
extrusion rate: 15 mm/min.

When component (A) has a melt flow rate at 190°C of
below 0.01 g/10 min., the resulting resin composition will
be difficult to form by extrusion. When component (A) has a
‘ melt flow rate at 190°C in excess of 0.1 g/10 min., the
resulting composition can not be extruded into a film of
sufficient,strength.,.The melt flow rate was measured in
accerdance with ASTM 1238. When component (A) has a density
'ef below 0.938 g/cm?,'the'resulting'resin composition can
" net_be.extrnded into afilm having a.eufficient rigidlty.
When component (A) has a densityinexeees of 0.965 g/cm3,

B thereSU1ting*feSin.comPOSition'eannot‘be formed into a
filmofsufficientstrength.-WhenCOmﬁonent (A) hae a melt

ltenszon of at least 10 g,-and 1n partlcular, at least 15 ¥

--;the bubble Wlll be stable durlng the blown extru31on of the

__resultlng resin;comp081tlon, and the fllm produced Wlll have
exeellent lmpeet reSLStanee, tear teelstance.and rlgldlty
owlng t¢ the.hlghet degree of moleeulafiorlentatlon'

‘ In the reSLn.eeﬁp081tion of theipresent.lnventlon, 35'
;te 87'perts-by.we1ght, and preferably 45 to 85 parte by
':welght of component (A) 13 1ncluded -'When‘less than 35~-
;'Pértsuby‘welght.of component.(A)-iscentained in'the.reSin
'l cenpe31tlon; the re81n comp081tlon can not be formed into a

fllm of sufflcient strength ‘and the bubble formed during the

OOO



blown extrusion of the resin composition will be unstable.
When more than 87 parts by weight of component (A) 1is
included in the resin composition, the film formed from the
resin composition will have an insufficient rigidity.

The propylene-based polymer, which is component (B) of
the resin composition of the present invention (hereinafter
simply referred to as component (B)), may be a homopolymer
of.propyiene, Oor a random or block copolymer of propylene
and a monomer which 1s copolymerizable with the propylene.
'Component (B) may preferably a homopolymer of propylene.
The monomers which are copolymerizable with said propylene
- include ethylene, butene, and the like. The copolymer may
preferably contain up to 10 mole %'of the'prOpylene~
~copolymerizable,monomer.

CmeOhent'(B)has a melt flow rate at 230°C of 0.3 to
.10 g/10 min., and preferably 1 to 7 g/10 min. When
component'(B) has-a melt flow rate at 230°C of less than 0.3
_g/lO-min., dispersion.ofcomponént (B) in the resulting
resincémpositionwilibeinsufficient, and the resin
comPOSition Qill‘be'diffiéultto form by extrusion. When
compoﬁénﬁ (B)hés a”meltf;ow‘rate.ét'230°c in excess of 10
g/iQ min;;.the'resul£ingfilm will have an insufficient
..sﬁréngthf' The melt flow rate is measured in accordance with

~ ASTM D 1238.



In the resin composition of the present invention, 3 to

25 parts by weight, and preferably, 5 to 25 parts by weight

of component (B) is included. When less than 3 parts by
weight of component (B) is included in the resin
composition, the resin composition will be difficult to form
into a film of sufficient rigidity. When over 25 parts by
welght of component (B) is included in the resin
composition, the resin'composition‘can not be formed into a
film'of a sufficient strength.

' The_talc, which is component (C) of the resin
composition of the present invention (hereinafter simply
- referred to'as component (C)), is not limited to any
particular type, and may be any talc which is generally used
in theresinacomposition, for eXample, the one having an
"average particle Slze of 1. 5 to 4.5 um, oil absorptlon of 38
._to 52 CC/100 g,iand water content of up to O 39

In the re81n comp081tlon of the present 1nventlon, 10

| :a_tO 45 parts by welght, and preferably 10 to 40 parts by

.f'weight-of-component (C)fls lncluded;_ When lessathan 10
 parts by welght oE component (C) is inClnded in.the resin
'comp031tlon} the re31n comp051tlon will be dlfflcult to form
1nto.a‘fllm of sufflclent rlgldlty.haV1ng a good paper llke
appearance  When more than 45 parts by welght of component

' o (C) lS lncluded in the resin composrtlon, the resulting



resin composition will be difficult to form into a film, and

the film formed will have an insufficient strength.

In the resin composition of the present invention,

ratio of component (C)/component (B) is adijusted to 2 to 4,
and preferably 2.5 to 3.5. When the ratio of component

(C) /component (B) is less than 2, the resulting composition
will be difficult to form into a film having a good paper-
like appeérance. When the ratio of component (C)/component
(B) 1s more than 4, the resulting resin composition will be
difficult to form into a film having excellent impact
 strength.and tear strength.

The Ca0 and/or MgO, which is component (D) of the resin
'composition of the present invention (hereinafter simply
referred tocomponent (D)), is not limited to any particular
type,-ahdfmay be‘ﬁhé one'whiCh ié suitable for‘blending in
_ resin'compOSitiohs,

Iﬁ theresincomposition'of the present invention,-l to
IQ.parts;byWeight;-and.preferably 1,5 to 8 parts by weight
Of comenent (D)is.includedper 100 parts by weight of said
.compbnéntS(A);(B).and'(C);:Whentheconteht bf component
(D)fis'lessfthaﬁ l:partbywéight per 100 partSby Weightiof
'componéhtsi(A);:(B) énd_(C),.thé résulting resin compoéition
will;béVdiffiCUltto fdrm into'a'film, and the film formed

ﬁéy havé'pores-due,to féaming. No further effects are
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achieved by blending over 10 parts by weights of component

(D) .

The surface active agent, which is component (E) of the
resin conposition of the present invention (hereinafter
simply referred to as component (E)), is not limited to any

particular type, and may be selected from nonionic, anionic,

cationic, and ampholytic surface active agents.

Typical nonionic surface active agents include N, N-—

o N

. bis(2—hydﬁoxyethjl)alkylamines, fatty acid esters of
polyoxyethyienealleamines, glyeerol esters of fatty acid,
serbitaae.fatty'acid eSter,]polyoxYethylenesorbitane fatty
aCid-esters,.allphatlc alcohol ethers of polyoxyethylene,
~polyoxyethylene alkylphenylethera, fatty acid esters of
polyethyleneglycol,_and the llke; - .

*nyplcal anlonlc eurface active-agents include alkyl-

sulfonates) alkylbenzenesulfonates, aikylsulfates;"
' alkylphosphates, and the llke.

Typlcal cationlc surface actlve agents 1nclude tetra-
aileammohlum-salts; trlallebenzylammonlum ealts,'and the
llke. .;7{7a:7©i7{,- o | o ' ' |

| Typicalﬂamphelytlesurface.actlve agents 1nclude'
alkylbetalﬁembased sﬁrface.actlﬁe aeents, 1midazollne—type.

| 'surface actlve agents, and the llke
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In the present invention, the surface active agents as
mentioned above may be used alone or in combination of two
Or more as component (E).

Among the surface active agents mentioned above,
nonionic glycerine fatty acid esters are particularly
preferred because of their ability to improve the dispersion
of components (C) ahd (D) and other optionally added
additives in the resulting resin composition, and their
ability'to improve‘formability and other physical properties
of the'resulting resin composition.

In the resin composition of the present invention, 0.05

to 1 part by weight, and preferably 0.1 to 0.8 part by

weight of cOmponent (E) 1is included per 100 parts by weight

of.components (A),.(B)'and.(C); ‘When component (E)'is

-

includedlessthan'0.0Spartby weight per'IQO parts by
weight of components (A), (B) and (C), components (C) and
"(D)_and:other'additives_willnot be fully dispersed in the
| iesin_¢ompoéitionQ -Whenlmdre than'l'part.by weight of
'compdnent (E)‘is inciuded-in”thereSin_composition,'
comﬁOnéht”fE):maﬁfbléed.but.onto the surfadé of the film
fofmed.tb injureﬁhé éppéarance'of_thefilm;,: o
‘Thé\resin,composition6fthepresentinventionmayalso
ihClUde;-in addition to the above~-described components (A),
fBi} kCy,;(D)_and(E), varioﬁs additives generally used in

~ such a resin composition, for example, phenolic and
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phosphorus-based heat stabilizers; and colorants such as
lnorganic pigments such as titanium oxide and organic
pigment. These additives may be added alone or in
combination of two or more as desired.

The resin composition for producing a film of the
present invention may be prepared by simultaneously mixing
predetermined amounts of the abovefdescribed components (A),
(B), (C), (D) and (E) and optionally added additives, and
kneading the resulting mixture in its molten state in a

twin-screw extruder, Banbury" mixer or the like at 180 to

250°C. Alternatively, components (C), (D) and (E) may be
preliminarily mixed with one member selected from components
(A) and (B) to form mixture (F), and then, at the time of
film formation, ﬁix the mixture (F) with the other member of
components (A) and (B) to form the film.

The resin composition for producing a film of the
present invention may be used for either an extrusion‘of a
blown film Oor an extrusion from a T—die. The resin
composition is particularly suitable for an extrusion of 3
blown film.

According to the present invention, there is also
provided a method for suitably producing a blown_film by

extruding the resin composition under the conditions

satisfying the following relations:
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provided that

Ra 1s diameter of the bubble farther than the frost
line;

Rg 1s minimum diameter of the bubble between the die

outlet and the frost 1line;

C 1s length of the bubble in machine direction between
the die outlet and the frost line of the bubble, wherein the

bubble has a diameter of from 0.8 to 1:5 folds of the die

diameter; and

Rp 1s diameter of the die.

This method is carried out, for example, in a blown-
film extrusion system shown in FIG. 1. - Referring to FIG. 1,
the blown-film extrusion system 1 comprises a hopper 2 for
feeding the resin composition, an extruder 3 for melting and
homogenizing the resin composition fed from the hopper,
cylindrical die 4 for extruding the molten resin composition
1n tubular shape, air ring for cooling 5 for cooling the
extruded resin composition by spraying air onto the extruded
resin composition, a puller 6 for hauling off the cooled
film, and a winder 7 for winding up the film produced.

In this system, the resin composition is fed to the

extruder 3 from the hopper 2, and is molten to become
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homogenized in a cylinder with the heat applied from the
cylinder wall and the frictional heat generated by the
screw. At the same time, the molten resin composition is
transferred to the die 4 by the screw. As shown 1in FIG. 2,
which 1s an enlarged view of portion A in FIG. 1, the resin
composition is primarily shaped in the cylindrical die 4 to
form a bubble 8, and is extruded from a narrow slit. The
bubble 8 is immediately inflated with the air blown into the
bubble 8 through the die, while the bubble 8 is cooled and
solidified with the air sprayed onto the exterior of the
pubble from the cooling air ring 5 to secondarily shape the
bubble 8 and form bubble 10. The thus formed cooled film 11
1s then introduced between guide plates 12, pulled upward by
the pdller 6, and then wound up by the winder 7.

In the blown film extrusion as described above, as
shown 1n FIG. 2, Rp denotes diameter of the bubble 10
farther than frost line (whitening point) 13 where the resin
composition extruded from the cylindrical die 4 is cooled to
exhibit a'frosty appearance, Rg denotes minimum diameter of
the bubble 8 between the outlet 14 of the die 4 and the

frost line 13, Rp denotes diameter of the die, and C denotes

length of the bubble in machine direction between the die

outlet 14 and the frost line 13 of the bubble 8, wherein the

bubble 8 has a diameter of from 0.8 to 1.5 folds of the die

diameter Rp. The film extrusion of the present invention is



-1 4~

characterized in that the extrusion i1s carried out by
adjusting the ratio of Rpa/Rg to 2 to 6, preferably 3 to 5,
and ratio of C/Rp to 2 to 15, preferably 5 to 10.

Such an adjustment 1s effected through adjustment of
heating temperature in the extruder, pull rate of the f£ilm,
and air flow of the air-cooling ring 5 to satisfy the

following relations:

2 < Ra/RE £ 6 ...... (1), and

When Rp/Rg of relation (1) is less than 2, the resin

composition.would be difficult to form into a film having

sufficiént‘impact.strength:and.tear strength. When Rpa/Rg is
more than 6; the resin compbsition would be difficuit to
‘form'into.a fi1m dueto.poor bubble stability during the
fiimformétiontO‘resultin ihferior productivity.

' Whén'C/Rﬁ‘ofrélatiOn’(Z) is less than 2, the resin
cOmposition‘would-be‘difficUltto‘form ihto a film héving.'
sufficient impact strength and tear strength. When C/Rp is
more than 15, the resin composition would be difficﬁlt to
formfihtd'é fi1ﬁ’due ﬁo poorbﬁbble stability‘during:the

film formatiQn,‘leading to inferior productivity.

. .
.......
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The resin composition 1is heated in the extruder
typically to a temperature of about 180 to 230°C, and
preferably to about 190 to 220°C.

The pull rate of the film is typically about 10 to
about 70 m/min.

The extruder, the die, the puller and the winder
employed are not limited to any particular types, and may be
any conﬁéntionaliy used ones.

Although the present method has been described with
regard to an film extrusion wherein the film 1s pulled
upward as shown in FIG. l,'it 18 tc be understood that the
ptesént proCess is hot limited to the one shown in FIG. 1,
| bﬁtélsoencompasses a film extrusion wherein the film 18
pullédinhOrizontal:Qr'downward'direction.

. The'resiﬁ éom§o$ition'of‘the present inveﬁtion as
déSCribéd‘abdve'&ay'béextruded into a film haVing
.appéarahCé; téXture;and foldprqperties.comparabletothose

"Offﬁgpérstas w§;1 aS,anéxcellentStrength. The extrusion
rmeth¢dq§fthé pr¢séntfihvention as'deSCribed above has

  eﬁabiedf§"p#thCtioﬁ;of a,film from.saidresin Composition

.at a higﬁ pfbducﬁi#ity equivalent to that of the

 conventional polyolefin films.
7 fff]Thé~film:peru¢éd in acCordance with the present method
"~pbiﬁugingfthe resin composition'of.the present invention has

“various excellent properties as mentioned above, and

---------------------
............................

. ) ¢
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therefore, may be suitably used as printing papers for
shopping bags, maps, and posters, in which good

weatherability 1s required.

EXAMPLES

The present invention is more illustratively described

by referring to Examples and Comparative Examples of the

invention.

4
®
Xxample: —4 angc QIPArgatl1ve AP L & L= C

In the Examples and Comparative Examples, the
components as shown in Table 1 were introduced into 20 liter

Henschel™ mixer, and mixed for 3 minutes. The mixture was
melt kneaded at 180 to 200°C in CIM65$m(a twin-screw machine

manufactured by Nihon Seikosho K.K.) and pellets were
produced in a short-barrel extruder of 65¢. The talc
employed had an average particle size of 3.0 um, an oil
absorption of 41 cc/100g, and a water content of 0.1%. The

surface active agent used was stearic acid monoglyceride.
Melt tension of componént (A) was measured with a melt
tension tester manufactured by Toyo Seiki K.K. under the
following conditions:

nozzle used: L = 8.000 mm, D = 2.095 mm,

temperature: 190°C,

pull rate: 2 meter/min., and
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extrusion rate: 15 mm/min.

The resulting pellets were supplied to a blown film

™

extruder of 50¢ (Modernderser ™ 50 mm manufactured by Modern

Machinery K.K., screw, ratio of screw length/screw diameter:
24, compression ratio: 2.0, die diameter Rp: 100 mm, and lip
width: 1 mm), and films of 40 pm thick were produced at a

temperature of 200°C, a pull rate of 20 m/min. under the

following conditions.

ondition. o Ormiling

(1) Examples 1-4, and Comparative Examples 1, 4 and 4-7

Ra/Rg = 3.0, C = 1000 mm, C/Rp = 10
(11) Comparative Example 3

Ra/Re = 1.5, C

The resulting films were evaluated for their impact
strength and Elmendorf tear strength in accordance with ASTM
D 3420 and_JIS 21702, respectively. The resulting films
were also evaluated for their texture and rigidity.
Formability during the blown film extrusion was also
evaluated. The texture, rigidity, and formability were
evaluated 1n accordance with the criteria described below.
For a comparison purpose, a craft paper was also evaluated

for 1ts 1mpact strength and Elmendorf tear strength as well
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as 1ts texture and rigidity (Comparative Example 8). The

results are shown in Table 1.

Texture and rigidity
O: texture, rigidity and preservability of fold line
comparable to that of papers.
A: texture and rigidity between that of papers and
pdlyolefin'films.

X: no paper-like texture or rigidity.

Fo bilid
O} fCrmability comparable to that of conventional
polyolefin £ilms
‘A:fofmability,someWhat inferior to that of
‘conveﬁtiohalpblleefin films although capable of
forming a film, '
-7:X};bubble is'Unstablé duringtheextruéion to result

| i,in bubbl¢.shékinq'and bubble break.
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amples 5-6 and Comparative Examples 9-17
The procedure of Example 1 was repeated except that the
components as shown in Table 2 were used to produce the
pellets. The pellets were formed into films by using the
same blown film extruder as Example 1 under the conditions

described below. The talc employed was the same as Example

1.

ondaitions for forming films

(1) Example 5, and Comparative Examples 9-14
The same as Example 1

(11ii) Comparative Example 15

Ra/Rg = 1.5, C = 1000 mm, C/Rp = 10
(ivj "Comparative,Example 16
RA/RE.== 3.0, C = lOO.mm, C/Rp = 1
(9);. Bkample'G '
. 'RA/RE = 3.0, C = SOO.mm, C/Rp = 5
'(vi)-7comparative Example 17
. ‘RA/RE ='3.O; C = 2000 mm, C/Rp = 20
(vii) Brample 7
'  '5 'Rg/RE=_5;o, C = 1000 mm, C/Rp = 10

- The resulting films were evaluated for their physical
'pr¢pérties as in Example 1. The results are shown in Table
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The resin composition for producing a film in
accordance with the present invention exhibits an excellent
film formability during its blown film extrusion, and the
film formed from the present resin composition has an
excellent strength and water resistance as well as a
texture, rigidity and fold maintenance comparable to those
of papers.

. The.method of the present invention is preferable for

producing a film from said resin composition.

S
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CLAIM:

1. A resin composition for producing a film comprising
(A) 35 to 87 parts by weight of a high-density

polyethylene having melt flow rate at 190°C of 0.01 to 0.1
g/10 min., density of 0.938 to 0.965 g/cm3, and melt tension
of at least 10 g;
' (B) 3 to 25 parts By weight of a propylene-based
polymer having meit flow rate at 230°C of 0.3 to.10 g/10
: min.;: 

(C) 10 to 45 partsby welght of talc;
_.(D) 1 to 10 parts bY weight per 100 parts by weight of
'(A)’ (B) and (c)éf CaO and/or MgO;'and .
.' (E)0,05 t6'i parp.by‘weight_pei 100 parts‘by'weight of
.(A)('(Bj'and'(c)'df a‘éutfa¢ea¢tive agent;' ' ‘

. wherein (C)/(B) is from 2 to 4.

'_2,'g_A méthédffor producingla film,by blown4film'éxtrusiOn '
uSinthhe resin cqmp¢3iti0n"of claim”1:wherein;the extrusion
_iSjgérriéd Qut;uhde£ the7cdnditions satiSfyingithe-following

~ relations:
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provided that

Ra 1s diameter of the bubble farther than the frost
line;

RE 1s minimum diameter of the bubble between the die

outlet and the frost line;

C 1s length of the bubble in machine direction between
the die outlet and the frost line of the bubble, wherein the

bubble has a diameter of from 0.8 to 1.5 folds of the die

diameter; and

Rp 1s diameter of the die.
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