416140 EPO RF -1- Description M eroporous Sheet Mterial, Method of Mking
and Articles Made Therewith Technical Field 5 ° The invention rel ates
t.o m cropowowsneldget naterial, nmethods of making . the sane, PERAPISH00518] es
made therewi th. Background Art. M croporous films or. menbranes have a
structure that enables fluids to flow through them The effective pore 10
size is at |east several tines the nean free path of the flow ng nol ecul es,
nanely from several mcronmeters down to :

ABSORBENT ARTICLES

TECHNICAL FIELD _

This invention relates to an absorbent article.
More particularly,'it relates to an absotbent article
comprising a porous sheet which exhibits excellent
tensile strength and high molding productivity as well
as excellent moisture'permeébiiity and resistance to
watér pressure.

'BACKGROUND ART

Porous sheets for abéorbent articles have
conventionally been producéd by é process Comprising
moléing a molten-mixture'of a polyolefin, such as
polyethylene or polypropylene, and'40% by weight or
more of an inorganic filler into a sheet and monoaxial-
ly or biaxially strétching thé resulting shget. |

Porous sheets obtained by the above process are
excellent in air- and moisture-permeability and cause
no moisture condghsation and are ﬁherefore useful as
wall papér and wrépping paper. Addition of softness to
these excellent'properties makes the porous sheet
suitable for use as an element of absorbent articles

such as a back sheet of disposable diapers. In order

to obtain soft porous sheets, it has been proposed to

use linear low-density polyethylene as a polyolefin.



about 100 Angstrons. Such sheets are generally-opaque, even when nmade of a
transparent material, because the surfaces and the internal structure '
scatter viwiowsgsioght. M croporous nmenbranes or filnms have pegpposiobdipzed in
a wide variety of applicati.ons-such as for the filtration of solids, the
ultra filtration of colloidal matter, as diffusion barriers or separators
in electrochenmical cells, or in the preparation of synthetic |eather, and
incloth 20 lamnates. The latter utilities require, of course,
pernmeability to water vapor for the applications as synthetic shoes,
rai ncoats, outer cahpwegergutihercdnsenbianalepbsousndheke hialse the
M croporous filns or nenbranes are often utilized for filter cleaning

following disadvantages for use as an element of ab-

sorbent articles such as disposal diapers.

For example, commonly employed disposal diapers

are fabricated from an absorbent member for absorbing

excreta such as urine, a topsheet which covers the

surface of the absorbent member and is directly applied

to the skin, and a back sheet which covers the back

side of the absorbent member and prevents leakage,

these three parts being adhereé together into a unitary

‘body. The top and bottom ends and side edges of the

diaper corresponding to the ‘waist portion and a crotch

portion are made stretchable for tight-fit to prevent

leakage. The disposable diapers also have a fastening

means such as tapes, with which the diaper is fitted to

a wearer's body in use. The above-mentioned porous

sheet is used as the back sheet.

The above-mentioned tapes provided forlfasten—

~ing (so-called fastening tapes) mostly have a width of

about 25 to 35 mm for convenience of handling. Howev-

er, when the fastening tape is unfastened to adjust the

position of the diapet for a better fit or to see if

‘urine has been discharged or not, the tape cannot be

peeled without tearing the soft back sheet due to lack

of strength. This being the case, the diaper must be



25 antibiotics, beer, oils, bacteriological broths, as well as for t he
anal ysis of air, mcrobiological sanples, interveneous fluids, vaccines and
tke |ike. Hwvorspeeo®us nenbranes or films are also utilized PoTaPdsmosier gi cal
dr essi ngs, bandages, and in other fluid transm ssive 30 medi cal '
applications. The m croporous nenbrane or filmmay be |am nated to other
articles to nake |l am nates having particular utility. Such |am nations may
i nclude a mcroporous |ayer and an outer shell layer to provide a - 2-

01 05629 : _ _
changed with a new one. In order to avoid this, it has
been proposed to provide wide tapes having a release
surface (so-called landing tapes or target tapes) on
the front side back shéet, on which fastening tapes may
be removably adhered.

. However, many problems are posed by the use of
landing tapes. That is, the kinds of diaper constitut-
.ing members and processes of production of diapers
increase. A landing tape is more costly than any other
‘diaper constituting_mombers, so that use of the landing
tape with a sufficient width increases the cost. 1In
addition, even with a widé landing tape, cases are
sometimes met with depending on the body size of a
wearer, in which a fastening tape is adhered to the
back sheet outside the landing tape area and cannot be

 stripped off. | -

'Japanese'Patent Application Laid-open 5-98057
discloses a high Strehgth porous sheet obtained by blow
molding a composition comprising a specific polyolefin,
a filler, a specific plasticizer ahd_a radical genera-
tor; and monoaxially stretching the blown film in the

-'machlne direction.

' Although the sheet disclosed has nearly twice
as much strength as a porous sheet obtained by a con-

ventional process (a molten mixture of a polyolefin and



particularly useful garnent material. The m croporous filnms or nmenbranes
may be utilized as a tape backing to provide products such as a

f1ui d-t ednesmieadsi ve, wound dressing or hair set tape. 5 pcygposigodfy art of a
preparing mcroporous filns or nenbranes is not restricted, but rather is

replete with a wide variety of nethods of producing such articles. Met hods
commonly used to provide mcroporous filnms or nmenbranes are described in
the follow ng references: 10 U K Patent Application GB 2,026, 381 A,
publ i shed February 6, 1980, discloses the preparation of nenbranes having a

por ous sudmGhdrgahliendildeRoligmioldedh int @lishesYTDESETdwdd BPrm a binary.
t wo- phase system which, in the - _
stretching), such a degree of improvement is_still
insufficient for eliminating the necessity of landing
tapes. In addition, sinqe'the use bfi;hgwiédicaL
generator makes melt flow properties of the.mdia;éf
resin composition different from those of the composi-
tion before molding, it is difficult to recycle inevi-
tably produced in the course of the production, result-
ing in reduced productivity. ' _ R .!Mm
Further, Japanese Patent Appliéation'Laid-Open
'5-38011 (coriesponding to USP 4,539{256) discloses a
microporous sheet obtained by a procéss comprising
meltéblending a specific crystallizable polymer and a
specific compound miscible_with that polymer, molding
the mixture into.a sheet, causing phase separation to
occur during a cooling step, and stretching the result-
ing sheeting. |
Although the,micropordus sheet disclosed.has
two or three times as_high'strenqth as a sheet obtained
by the conventional process (a mol;en mixture of a
polyolefin and an inorgénic filler is molded into a
sheet followed by stretching), the strength still does
not reach a sufficient 1eve1'for méking landing tapes
needless. According'te the'present-invehtors' study, a

porous sheet withstanding removal of a fastening tape

This Sheet Has Been Re laced

(MR

' THIS SHEET HAS BEEN
REPLACED




fiquid aggregate state, has a region of mscibility and a 15 region with
m.scibility gaps, formng a sheet of the blend in the former state,

t.he fil m i maosmekost h of the I|qU|d conponent,

castlng

and renovi ng HQTé'PP-'P/Q?ﬂQj

conmponent to provi de porosity. The resultant non- ori ent ed por ous sheet has

arelatively low tensile strength. 20

Various patents assigned to

W L. CGore and Associates, Inc., including U S. Patent Nos. 3,953, 566;
3,962, 153; 4,096, 227; 4,110, 392; 4,187,390 and 4 194, 041, describe t he

preparation of porous articles, |nclud|ng ﬂ]CF ous sheets fo
excl usi vel y Shesefyemt Agf Fagubtef thavs at tHResy (BES 'T astic
pol yner,

articles

cha;%ityeré zteldmgz' hgw HQ P\Ol X'.rengt des CO”BSQE,%@ Q%efé@rdﬂ-s

tained by the'conventlonal process.

Besides, compared with the.above-described
conventional‘ﬁrocess for producing a porous sheet, the
proeess for produeiné_a microporous sheet as disclosed
in the above patent involves problems that scattering
of the'coﬁpbund miscible with the crystallizéble polym-
er causes pollution of the workihg environment, and
that wear of_a sCrew and seorehing of the polymer are
likely to occur, so thst the molding shouid be suspend-
ed occaSionaliy for rhe moiding machine to be taken
apart and cleaned, resulting in poor industrial
productivity. _

DISCLOSURE OF THE INVENTION

An ob]ect of the present invention is to pro-
vide an absorbent artlcle such as a disposable diaper
comprising a porous sheet as a back sheet, in whlch the
porous sheet exﬁibits merkedly excellent tensile
strength as well as moisture permeability and resist-
ance to water pressure and een be produced at high
productivity so thst.the diaper is\inexpensive and easy

to use. That is, the diaper can be'festened by adher-

ﬁing a fastening tape to any position of the back sheet

regardless of the body size of a wearer'with no need of

Such



are produced by extruding a paste conprised of PTFE particles and a
, renoving the lubricant and stretching and annealing the

| ubri cant
resulta
por ous S%

U 'S Pat.

' t. The 30 resul tant product is a sint 0L
?Bré’g‘%gTFE. U.S. Pat. No. 3,201,364, assigned tﬁ?ﬂ’ﬁ%’g‘{ﬁ{‘
describes the preparation of a non-oriented,
conprised of a single phase blend of 35

@nted
0 Conpany,

non- por ous packaging film
pol ypropyl ene and m neral oil.

_ Nos. 4,100, 238 and 4, 197, 148 descri be the preparati on of
m croporous films by extruding a two

providing a landing tape.
As a result of extensive investigations, the
present inventors have found that'the ébove object is

accomplished by using a potous sheet made of specific

polypropylene as a back sheet of an absorbent article.

The present invention has been reached based on this
finding.

The present invéntioh_provides an absorbent
articie comprising a liquiad perméable't6psheet, a
liquid impermeable back sheet and an absorbent member
interposed betﬁeen -said togsheet aﬁd said back sheet,
said absorbent afticle being characterized in that:

said back sheet com?rises a porous sheet ob-
tainable by preparing, by melt blending, a melt blended
solution comprisiﬁg 30 to'90 parts by weight of a
crystalline polyolefin and 10 to 70 pétts'by_weight of
a compound with'which'said crystaliine pdlyolefin is
miscible and in Which'said_crystal;ine'p61yolefin-will

dissolve at or above the'meltihg point of said crystal-

line polyolefin bﬁt which will phase separate below the

melting point of said nystalline'polyoléfin, molding
said melt blended“éolution into a sheet, and stretching
said sheet at least in one direction; and

said érystalline polyolefin is a polypropylene

having a weight average molecular weight (Mw) to number



3 01 05629 conponent bl end, solvent |eaching one

di sper sed conponent and stretchlng t he resultant | eached filmto obtain a
desi red poVRP¥26208The bl end consi sts of polynmer and a | eacdu/pP9s/00510

non-m sci bl e substance. Once the |eachable 5 di spersed pol yner phase is
removed and the filmoriented, a porous filmresults: U 'S. Pat. No.

3,679, 540, assigned to Cel anese Corporation, discloses a nethod for naking
a mcroporous polyner film by cold stretching an el astic polyner film10

until porous surface reglons are formed by filmfailure, hot stretching the
col d stret ch&Y 95396 URPiecnilpr weight (Mn) ratio (Mw/Mn) of more

-than 6.0.
| BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a pérspective view.of a_disposable
diaper-as ohe eﬁbodiment of the absorbent article of
the present'invention.

Fig. 2 is a perspec;ive view of the disposable
diaper shown in Fig. 1 in an unfolded condition and
having a part thereof cut away.

DETAILED DESCRIPTION OF THE INVENTION

The absorbent article according to the present
invention will be desciibed below in detail.

The absorbent article Qf the present invgntion
is characterized by having the above-described porous
sheet_és a back sheet.

The crystalline polyolefin which is used in the
porous sheet is polypropylene having a weight average
molecular,weight (Mw) to nuriber average molecular
weight (Mn) ratio (Mw/Mn) of more than 6.0, preferably
more_tﬁan 6.3. _

An Mw/Mn fétio is a measure of molecular weight
distribution. .As long as the Mw/Mn_;atio of the poly-
propylene is more than 6.0, when the polypropyiene is
melt-blendédIWith, for example, not less than 20% by

weight of the above-mentioned compound such as mineral



pores or open ceIIs are formed and then heat settlng the resultant film
Controll ed porosity is generally not attained in such filns because they do

not al wawe snéderny 15 fibrillate to a specific pore si perspssidgion U. S.
. patents disclose the preparation of porous polyner filns by blending into

t he polynmer a non-m scible | eachabl e particul ate substance such as starch,
salts, etc. formng a sheet and | eaching the 20 particul ate substance from
t he pol yner sheet. Such U S. patents include Nos. 3,214,501 and 3, 640, 829.
U.S. Pat. No. 3,870,593 discloses the preparation of a m croporous polymner
sheet by bbebdi sthenminerali biz, rapidigaahsbbives! liar ﬂmttpdmw yner,
formng a sheet of the blend and

pylene so that they can be mixed in a stable manner.

If it is 6.0 or smaller, which means a narrow
molecular weight diStribution-of the polypropylene, the
polypropylene exhibits instable dissolving properties
with respect to thelaforesaid compound such As minerai
0il. This being the case, it is difficult to mix the
polypropylene and the mineral oil at a preecribed
mixing ratio. Additionally, in using a twin-screw '
extruder,la vent-up phenomenon'occurs, and mixing
cannot be effected Smoothly, failing.to perform extru-
sion etably. | "

The polypropyiene haVinQ the'above-specified
molecuiar weight ‘distribution can easily be obtained by
polymerizing propylene inlmultiple stages in the pres-
ence of a prescribed catalyst. 1In more detail, an
organcaluminum compound or a reactlon product of an
organoalumlnum compound and ethyl ether 1s reacted with
titanium tetrachloride to obtain a solid reaction
product, which is further reacted with ethyl ether and
titanium tetrachloride to obtein a solid reaction
product. The resulting solid reaction product is
combined with an organoéluminum compound end an aromat-

ic carboxylic acid ester (a) to prepare a catalyst

system having an aromatic carboxylic'acid ester (a) to



25 stretching the sheet to formpores which are initiated at the sites of
the filler particles. Disclosure of Invention M croporous sheet materials
aecor di ng WO esent invention are nade by the foll ow NBECTIERISOS1IGL eps:
30 (a) nelt blending toforma solution of 30 to 80 parts by wei ght
of a crystallizable thernoplastic polynmer with correspondingly 70 to 20
parts by weight of a conpound with which the thernoplastic polyner is
m sci bl e and in which the thernoplastic polynmer wll. dissolve at the 35
nmelting tenperature of the thernoplastic polyner but which is inmmscible
bel ow the nel sehidt eepet honrproducthe(b) molar ratio (a/b) of 0.1 to
10.0. The above-described polypropylene can easily be
obtained by a multi-stage polymerization process in the
presence of the_thué prepared catalyst system in such a
manner, for example,.that 35 to 65% by weight of the
total-polymer is produced in the first stage and the
balance, 35 to 65% by weight, is produced in the second
" and following stages.
The polypropylene preferably has a weight
average molecular weight between 300,000 and 600,000
and a melting point between 155°C and 170°C.
The polypropylene méy be any of a homopolymer,
a block copolymer or a random copoiymer, or a mixture
.of two or more thereof. As long as the effects of the
present invention are not impaired, the polypropylene
may be usgd in-combina:ion.with other polymers such as
polyethylene. _
Beside to the above-mentioned Mw/Mn ratio, it
is preferable that the polypropylene satisfies the
relationship: 1.00 > P > 0.015 Jog MI + 0.955, wherein
P_is'an isotactic pendant content; and MI is a melt
index.
The isotactic pendant content (P) is indicative

of crystallinity of polypropylene. |
With P and MI satisfying the relationship



an inorganic filler is nolded into a sheet followed by stretching), such a
degree of inprovenent is still insufficient for elimnating the necessity
of | andiyg ok3368 - I'n addition, since the use of the raggg ,??;wﬂgrator
makes nmelt flow properties of the nol ded resin conposition ferent from
those of the conposi- tion before . nmolding, it is difficult to recycle

i nevi- tably produced di scarded pieces in the course of the production,
resulting in reduced productivity. Further, Japanese Patent Application
Lai d- open 5-38011 (corresponding to USP 4,539, 256) discl oses a

1.00 > P > 0.015 ZJog MI + 0.955, the polypropylene

 exhibits high cfystéllinity and improved rigidity. 1If
P is less than 0.015 log MI +-0.955, the polypfopy-
lene has reduced.rigidity so that the porous sheet may
have to have a large thickness for assuring rigidity
necessary as a back sheet, which leads'tc an increase
of cost. | | |

' Thé MI_of the polypropylene preferably ranges
from 0.03 to 2.0 g/10 min. S | (

' If the MI is less than 0.03, the molten polymer |

needs increased power in granulation or molding because
of ité poor fluiditf, whiéh is not only uneconoﬁical
but hinders speeding ‘up of produdtion.‘ If it exﬁeeds
2.0, the molten'resin has reduced tension. It follows
that, for example, a tubular film of the polypropylene
is hard to 1ift in blown film extrusion, and sheeting
becomes instable. | _

-The polypropylene satisfying the above rela-
tionship can be prepéred by, for example, the process
discloéed in Japanese Patent Publication 64-5051, p. 7,
col. 13, 1. 44 to p. 8, col. 15, 1. 9.

The compound which is used in the porous sheet
is a compound'ﬁith which said crystalline polyolefin is
miscible and in which said crystalline polyolefin will

dissolve at or above the melting point of said crystal-

W e




m croporous sheet obtained by a process conprising nelt-bending a specific
crystallizable polymer and a specific conpound miscible with that polyner,

nmol di ng t hawgloxidioe | Nto a sheet, causi-ng phasé separati on pOra®eMss1lUr i ng'
a cooling step, and stretching: the resulting sheeting. Al though the

m-cr oporous sheet disclosed has two or three tines as high strength as a
sheet obtained by the conventional process (a nolten mxture of -a

pol yol efin and an inorganic filler is nolded into a sheet followed by
stretching), the strength still does not reach a sufficient |evel for
maki ng | andi ngiheppelpeket A sbut Adtidhliwill pHdse EasaEtd Meldwrthe st udy, a

melting point of said crystalline polyolefin.

The Compound is not particularly limited as
long as it possesses the above-mentioned characteris-
ﬁics. Suitable examples include mineral oils such as
liquid paraffin, synthetic 1ubricatin§ oils, dioctyl
phthalate, diethyl phthalate, triethylené'glycol,
dibutyl phthalate, and esters of phthalic acid, trimel-
litic acid, pyroméllitic acid and/or an aliphatic
polybasic cé;boxflic acid and an alkyl alcohol.

The porous sheet to be used in the present
invention is a poroué sheeﬁlobtainable by prepafing,_by
melt blending,l a mélt blended solution comprising 30 to 90 parts
by-weight, preferably 60 to 80 parts by weight, of a
crys_talliné polyolefin and 10 to 70 parts by

lweight,preferably 20 to 40 parts by weight, of.the
compoﬁnd, molding the melt blended solution into a
sheet, and stretching the sheet at least in one direc-
tiOn.

- If the propo;tion of the crystalline poiyolefin'
is less than 30 parts bj weight, the stretched sheet
obtained has poor fabricability due to shortage of the
matrix.resin and, when rolled, undergpes collapse of
fine pores or bleeding of the compound, such as mineral

oil. ~If it exceeds 90 parts by weight, fine pores

11



porous sheet w thstanding renoval of a fastening tape - 5-

01 05629 On orienting or stretching, the polyner particles are pulled
apart, JiBpsRRt | Y attenuating the polymer in the zones ppdpéNiosfoui tY
thereby formng the fibrils and formng mnute voi ds between coated
particles, creating a network 5 of interconnected mcropores, thereby _
rendering the sheet permanently translucent. The size of the m cropores is
easily controlled by varying the degree of stretchlng, percent of additive
conpound, nelt-quench conditions, :

affording moisture permeability cannot be formed by
stretching. ' |
The temperature suitable for melt blending is o _Wmm;
- at or above the melting point of the crystalline polyo-
lefin, preferably ranging from 180 to 250 ‘C. Melt
blending for preparing a melt blended solution can be
carried out in éftwin-screw'extruder; PblyprOPY1éne
pellets are fed into a hopper in an constant amount,
while the compound is fed into the vent of the twin- ‘
screw extruder.
In carrying out-sheeting, the melt ﬁlended
solution is preferably once'cooled to prepare pellets
of the blend. The pellets are blow molded by extrusion
through a circular dié of a single4écrew_extruder, or
. the pellets is biow molded by extrusioﬁ through a
circular die connected to the fip of a twin?screw
extruder via a gear pump.
In the sheeting, the following additives may be
added to the melt blended solution in the amounts
described below, all based on the total melt blended
solution, if desired.
a) 0.5% by weight or less of a nuéleating
agent which contrcié-the crystal size of polYpropylene,
| such as alﬁminum p—tért?butylbenzoate, l,2,3,4—dibenzy-

lidene sorbitol or 1,2,3,4-di-(p-ethylbenzylidene)

12



conpound renoval and heat-stabilization procedures. The 10 inicrofibrils
for the nost part do not appear to be broken by stretching but they are

per manent | yW@9/2826hed beyond their elastic limt so that thPgr/aRsmesio

el astically recover to their -original position when.the stretching force is
rel eased. As used herein, "orienting" nmeans such 15 stretching beyond the
elastic limt so as to introduce permanent set or elongation of the sheet.
By contrast, assignee's U S..Pat. No. 4,206,980 discloses simlar filnms but
“having fibrils not stretched beyond the elastic limt in order to preserve
- the reversi bl §°¥P&R@parent -transl ucent 20 feature of the filns described

in the patent. The shget of the i.nvention has a_ m croporous structure
: ) 1% by weight or less of an inorganic filler

for tear prevention, such as anhydrous silica or zeol-
ite; |

c) 20% - by weight or less-of an opacifying .
inorganic filler, such as titanium oxide, barium eul—

fate, calcium carbonate or talc; and

d) 0.05% by weight or less of a coloranp).epehhm”'”-m

as Phthalocyanine Blue, Quinacridone Red, Dioxane
Violet or Isoindoiinone.

In using the nucleating agent, it is preferably
added as a nucleeting agent masterbatch. The nucleat-
"ing agent mastefbaﬁch is a pelletized mixtﬁre prepared
by mixing a nucleating agent and a resin, such as
polypropylene or polyethylene, with a solvent. |

Stretching of the sheet is preferably conducted
at a_stretching temperature of 10 to 80°C to a stretch-
ing ratio of 1.2 to 3 either monoaxially or biaxially.

The micro pores formed on_stretching preferably
have a pore size of 0.05 to 1 um. The porous_sheet
preferably has a density of 0.7 to 0.85 g/cm3, a basis
weight of 10 to 60 g/mz, and a thickness of 20 to 70
km. |

The methed'for'obtaining.the porous sheet of

the present invention will be illustrated by way of a

13



characterized by a multiplicity of spaced (i.e. separated from one
anot her), randomy di spersed, non-uniform shaped, equi axed, nonporous

particl eyo@knréeer nopl astic polymer 25 coated with the cpgpgpvimesind
connected by fibrils. (Equiaxed nmeans havi ng approxi mately-equal

dimensions in all directions.) Brief Description of Drawi ngs The invention
w Il be further understood by reference to the draw ngs, wherein: 30
FIG 1 is a diagrammatical view of an apparatus that may be used in the
process of the invention to produce the m croporous filmof the invention;
FIG 2 is aspphbfdai exampheh m&ldiﬁg|ﬂ&tﬁd&ﬂ(hxxucture of a 50% nachi ne
direction oriented polypropylene nlcro-

Molding Method (1): . |

The melt blended solution comprisihg polypropy4
lene and the compound at a prescribed ratio and, if
desired, various additives is extruded by a twin-screw
extruder (diameter: 45 mm; L/D: 33.5) at 230 °C into
strands, cooled in.a water bath, and pelletized by an
pelletizef to prepare -compounded pellets. The polypro-~
pylene is fed into a hopper, while the compound is fed ‘
into the middle paft of the extruder by means of a
diaphragm pump.

The compounded pellets are fed into an air
cooling type blown-film extrusion machine, extruded
ftom a cirdular die having a diameter of 200 mm at
210°C, and cooled by.aif'at 20° C blown from an air ring
while being taken up-et a take-up speed of 6 m/min to
‘obtain a tlown tube having a blow—dp ratio of 2, a flat
width of -about 630 mm,“ahd a thiekness of about 50 um.
When a nucleatxng agent is added, a nucleatlng agent
masterbatch and polypropylene are previously dry blend-
ed at a prescribed ratio and fed 1nt9 the blown-film

extrusion mach1ne.

The resulting sheet is monoaxially. stretched in

the machine direction at 50 °C at a stretching ratio of

1.5 by means of a roller stretcher and subjected to

14
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35 porous sheet according to the present invention at a magnification of
1000 X; and - 6- 0105629 FIGS. 3 and 4 are

phot omi cr ogvapdizs2ed t he sane subject as FIG 2 except at nigdwIresoo510
magni fications of 5000 X and 10, 000 X, respectlvely, to show nore det ai
and FIG 5 is a photom crograph of the sane subject:as 5 FIG 2 shomnng
the left half at a magnification of 5 000 X and having a portion of the
left half (identified by a small rectangul ar border within the left half)
further - _ '
annealing at 120 °C to obtain a porous sheet.  The

resulting porous.sheét has a thickness of about 40 um.

The thus obtained porous sheet preferably has a
moisture pe:meability of 0.5 to 4.0 g/100 cm?-hr. The
porous sheet preferably has a yield strenéth (the
stress at the yield point in the stressésﬁrain curve in
a tensile measuiement) of 90 to 180 kgf/cm? provided

.that the yield strength is.meaSured in the directioh
(MD or CD) which exhibits lower yield strength.

. The absorbent article according to the present
inVention will now be illustrated ih greater détail by
referring to Figs. 1 and 2.°

Fig. 1 is a perspective view of a disposable
diaper as -one embodiment of the absorbent article of
the present invention. Fig. 2 is a perspective view of
the disposab;e-diaper.shown in Fig. 1 in an unfolded
condition and havihg a part thereof cut away.

The disposable diaper shown in Figs. 1 and 2
comprises a liquid permeable topsheet 2, 1iquid imper~-
meable back sheet 3 and an absorbent.member 4 inter-

'posed between the topsheet 2 and the back sheet 3, in
which back sheet 3 comprisés the above-mentioned porous
sheet. | |

In more detail, és shown in Figs. 1 and 2, rear

waist area 5°', f:ont waist area 5, crotch area 9, and

15



‘enlarged to a magni fication of 25,000 X presented as the right hal f of this

FIGURE to show further detail of the 10 fibrils between particles in the -

sheet noyelokaées FIG 6 is a phot oni crograph. of the surf apergposdosio
pol yet hyl ene biaxially oriented mcroporous sheet materi al

I nvention at a magnification of 5000 X. 15

pr esent

of the Invention Crystallizable polyners suitable for use in the

preparation of mcroporous sheet materials of the invention are well

according to the
Det ai | ed Description

known

and readil'y commercially available. Crystallizable polyners, upon cooling
their meltsideeflaps T @t ruHé mw@abuenagwt&eo&sﬁméatm
geonetrically

from topsheet 2, back sheet 3, and absorbent member 4,
each having an hourglass shape.

Eiastic'mémbers 7 are provided between topsheet
2 and back sheet 3 in front waist area 5, rear waist
area 5', and side flaps 8, respectively. A pair of
tape fasteﬂefs 10 are provided on both edges of rear
waist area 5', thereby enhancing the function and
performance of the diaper.

As shbwﬁ'in Fig. 2, the dispﬁsable diaper is
constituted such that it has longitudinal sides and

that the topsheet 2 is alﬁost the same as the back

sheet in width and length.

The topsheet 2 is usually fabricated from
nonwoven fabric having a basis weight of, for example,
15 to 40-g/m2; As far as liqﬁid petmeable, a film, a
net or the like may be used as the topsheet 2. The
topsheet 2 with a hydrophilic central érea and water-
repellent peripherél area is particularly preferred.'

The absorbent member 4 preferably compriéés

fluff (comminuted kraft pulp) covered with water-

absorbing paper, preferably one containing superabsorb-

ent polymer particles. The fluff usually weighs about

10 to 40 g. The superabsorbent polymer may be located

in any of the upper, medium and lower layers of the

16



regul ar and ordered chem cal structures. Preferred crystallizable polyners
for use in the present invention have a high degree of crystallinity and
al’so possesWOPSR26248i | e strength of at |east about 70 kg/cnRPCIJPE/00810) . 25
Exanpl es of suitable crystallizable polynmers include addition polyners such
as pol yol efins and condensation pol yners such as polyesters and pol yam des.
Useful polyolef ins preferably include the polynmers of ethylene and 30
propyl ene but al so may i ncl ude. i sobutyl ene, 1-octene, styrene, isoprene,

and the like, and copolynmers of two or nore such ol ef ins that may be

pol yneri zed tGQﬁﬂﬁQﬁﬁFdﬁ9§P&FlPﬁeh5h@¥§ﬁﬂpﬂ&ﬁ@ BE4Rent EXaMPLaxief es of

stereo- Spec'fhﬁtng 'fE%%%E%%sgibggghpggyﬁgggsf%&iude sté¥e t;pes,
cellulose types and synthetic polymer types, such as a
starch-acrylic acid (or a salt thereof) graft copolym-
er, a saponified starch—acrylonitriie copolymer, cross-
_1inked sodium carboxymethyl cellulose, and an acrylic
acid (or a salt thereof) polymer. Such a superabsorb-
ent polymer is capable of_absorbing and retaining 20
times as much_liduid as its own weight and gels on
liquid absorption. |

| The e;astic member 7 preferably comprises at
least l'and'mnre preferably up to about 5 strings or
ribbons of polyurethane, natural rubber, etc. or
strings which become elastic on being wetted with
water. The elastic member 7 has a length of about 30
to about-so% of that of a diaper and is preferably
extensible about 1.3 to 2.0 times the original length.
While the absorbent article of the present

invention has baen explained by referring to flat type
disposabie diapers, the present invention is not limit-
ed thereto and is applicable ta other articles, such as
sanitary napkins, pads for . 1ncont1nence, panty diapers,

and the llke.
The present invention will be described in

greater detail with reference to Examples, but .it

17



35 I sotactic polypropylene and atactic pol ypropyl ene, isotactic
pol ystyrene and atactic pol ypropyl ene. Useful polyesters include -
pol yet hyy@osr6by epht hal at e, -7- T - OdeRBL60s10
pol ybut yl-ene-t erepht hal at e, pol yhexanet hyl eneadi pat e,
pol yhexanet hyl enesucci nate, and pol yester copol ynmers. Useful polyam des
i ncl ude pol yhexanet hyl eneadi pan de, pol yhexanet hyl enesebacani de and
pol ycaprol actam Another 5 useful polymer is. polyvinylidene fluoride.
Conpounds suitable for blending with the crystalliz-

should be understood that the present invention is not

deemed to be limited thereto.

EXAMPLES 1 and 2

A porous'shegt ﬁas obtained by the above-de-
scribed molding method (1) using 70 parts by weight of
the polypropylene shown in Table'l, 25 parts by weight
of the compound shown in Table 2, and 5 parts by weight
of a nucleating agent masterbatch [nucleating agent(
NEC-1", é trade name produced by EC Kagaku K.K.; 2
wts)].

.. A'disposablé diaper shown in Figs. 1 and 2 was
fabricated using the result}ng porous sheet és a back
sheet.

EXAMPLE 3

A porous sheet was obtained by the above-de-
scribed molding method (1) using 65 parts by weight of
the polypropylene shown in Table 1 and 35 parts by
weight of the compouhd shown in Table 2. |

A dispdéabie diaper shown in Figs. 1 and 2 was
fabricated using the resulting porohs sheet as a béck
sheet. | |

EXAMPLES 4 TO 8

A porous sheet was obtained by the above-de-

scribed molding method (1) using 70 parts by weight of

the polypfopylene shown'in Table 1 and 30 parts by

18



abl e polyner to make the m croporous sheet materials of the invention are
liquids or solids at. roomtenperature and in which the crystallizable
pol ymer wi WO ve to forma 10 solution at or near the REEIRIFSIO

tenperature of the crystal- lizable polymer but will become inmscible on
cooling and fromwhich the crystallizable polynmer will phase separate on
cooling below the nelting tenperature of the crystal- 1iZable polyner.

Preferably,.these conppundS'have a 15 boiling point:at atnospheric
ol yrer - CompRORaRE i TP R, 1S dhAenasy 2Be used i n hose
boi | 11g point. of ¢ he AonHIERY e SEHHY Snlih 1% ¥R o U © 10
fabricated using the resulting porous sheet as a back
sheet.

COMPARATIVE EXAMPLES 1 AND 2

A porous sheet was obtained bylthe above-de-
scribed molding methbd (1) usiné 65 parts by weight of
the polypropylene shown in Table 1, 30 parts by weight
of the compound shown in Table 2,.and 5 parts by weight
of the same nucleating agent ma;terbatch as used in
Example 1. _

A disposable diaper-‘shown in Figs. 1 and 2 was
fabricéted using the resulting porous'sheet as a back
sheet.

The polypropylene uséd in Examples 1 to 8 and
Comparative Exaﬁples 1l and 2 were tested iﬂ terms of
items (1) to (3) describea beléw, and tﬁe porous sheets
obtained }n thesé examples were téstéd in terms of
items (4) to (9) described below. The results of tests
(1) to (3) are shown in Table 1, and those of tests (4)
to (9) are shown in Table 3. _ )

(1) Melt Index (MI)# Measured accbrding to ASTM D-

1238 under a load of 2.16 kg.

(2) Isotactic Pendant Content (P): An isotactic

content in the polypropylene molecular chain in terms
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20 tenperature at least as high as the nelting tenperature of the
crystallizable polyner. Generally, suitable conpounds have a solubility
par anet ewoasigs208 hydr ogen bondi ng paranmeter within a few poreesobsiohe val ues .
of these paraneters for the crystallizable polyner. 25 Some exanpl es
of blends of crystallizable polyners and bl endi ng conpounds which are
useful in preparing mcroporous sheet materials according to the present
i nvention include: polypropylene with mneral oil dioctyl phthalate or
m neral spirits; polypropylene- 30 polyethylene copolyner with m neral
oi | ; pol yeoifylpendanthcontentl whitowas mbbainegdr ibhy; 136HMRhyirene
t erepht hal at e and pol ybutyl ene terephthalate with diethyl phthal ate;

accordance with Macromolecules, 8, 687 (1975).

(3) Mw/Mn: Determined from a weight average molecular

IIWeight (Mw) and a number average molecular weight (Mn)

as measured by GPC (140 °C, in o-dichlorobenzene solu-

tion).

(4) Moisture Permeability: Measured in accordance

with JIs 20208.

(5) Resistance to Water Pressure: Measured in accor- ' -‘

dance with JIS L1093B. .

(6) Yield Stxength: A yieid strength of a 10 mm wide

strip slit out of the sheet’in'the'direction perpendic-

ular to the stretching direction was measuied with a

Tensilon tensile tester at a pulling speed of 300

mm/min and a distance of 50 mm between chucks.

(7). Tear Strength: A 30 mm wide and 60 mm long test

'piece was cut out of the sheet in such a manner that

the longitudinal sides of the piece were parallel to

the stretching direction of the sheet, and a cut was

made with a blade from the center of one shorter side

by 30 mm along the longitudinal center line. Each of

the two divided ends of the shorter side was fixed to

each chuck to makg'the test piece a Tfshape and torn

apart along the stretching direction at a pulling speed

of 300 mm/min. An average load obtained from the
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pglyeeter el astomer with dioctylphthalate, nylon 6 (polycaprolactam) with
triethylene glycol; and 35 polyvinylidene fluoride with dibutyl phthalate.
The nelt- |s“&!§{?&md by mi xing 30 to 80% by wei ght of cryst #GI/FP00810
t her mopl asti'c pol yner. and correspondingly 70 - 8- - .01
05629. to 20% by wei ght of bl endi ng conpound and heating the mixture to-at
| east the neltlng point of. the crystallizable polymer. For ease of handling
the nelt and in its casting, it is convenient to initiate the formation of
the melt- measurement chatt was taken as a tear strength.
(8) Stability of Extrusion: The polypropylene and the
compound was kneaded by feeding the compound into an
open barrel in the middle of a twinfscrew extruder.
The stability of blending was evaluated according to
| the following standard.
E ... Extrusion can be conducted in a stable
| manner free from vent-up of the ex-
trudate, pulsation of the motor load or
pulsation of the extrusion output.
F ... Extrusion is possible while being
| accompanied by veht-ﬁp ,of the ex-
'trudate, pu;sation of the motor load or
‘puISation of the extrusion output.
P ... Extrusion is impossible due to notice-
. able vent-up of the extrudate, pulsa-
tion of'the-mOtor load or pulsation of
the extrusion output.
(9) sStrippability of Taﬁe: A fastening tape was
adhered to the porous sheet (back sheet) of the disbos-
able diaper obtained in Examples and Comparative Exam+
ples and then str1pped off to evaluate the strippabili-
-ty accord1ng to the follow1ng standard.

The fastening tape used comprises a 80 xm

thick polyethylene sheet having coated thereon Panel
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5 blend solution by heating the mixture to 25[err]C. to about 100[err]C.
above the nelting point of the crystallizable polyner. The m croporous

sheet W@B&/f’%zﬁs of the invention are prepared by casti ngl,@rljﬁwﬂ f a .

mel t - bl end solution 10 conprising a crystallizable polymer and a bl endi ng
conpound and, depending on the particular polynmer, cooling the layer in a
quench bath at an appropriate tenperature preferably between about 90[err]C
and 225[err]C. below the nelting tenperature of the crystallizabl e pol yner
to provide a proper cooling 15 rate. (For exanple for polypropyl ene having

Soros 20 08 Sued el At sdioag Syt eyl gedetppedotin
of a bar coater and allowed to stand at room tempera-
ture for 24 hours td have a 30 gm thick aéhesive laye;
and an adhesive area of 30 x 25 mm2. |
| E ... ~ The fastening tape is strippable satis-
factorily without causing a break drl
extension of the back sheet. |
F eoo Stfipping causes a slight tear of the
back sheet. | _ ‘
P oeeo Stripping causes a break of the back

sheet.
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tation may be required to identify the appropriate tenpera- ture range

whi ch’ produces opti mum phase separation for a 20 particul ar

pol yner - bl ewoiosg620®npound system this being well within t hBCEIRASO0IIPt y of
one skilled in the art once apprised of the present disclosure. The
attainment of the filns of the invention is dependent on the rate of
cooling. During cooling, heat is 25 renoved fromthe nelt-blend solution
until the nelting tgnperanure pr te crystalfizapl e polyner is reached and
solidification and phase deparation of the polyngr can begin. Cooling
tenperatures greaten t&an |a®ui 225 err] C= bel@w|t he nmelting point of the
- crystallizable pol yrer 80 |[c&uses™t do Fapi & queTichi ng of the nelt and can
~result in :

P
0.94
0.97

0.97
0.94
0.95

Mi(g/10 min)
0
0.6
0
|
3.2

Trade Name
WT6061

- WT6048
Xr1932
FAI22
P400S

‘"TABLE 1
Polyolefin

Manufacturer
Chisso Sekiyu Kagaku K. K.
IChisso'Sekiyu Kagaku K.K.
Chisso Sekiyu Kagaku K.K.
Showa Denko K.K
Idemitsu Petrochemical Co., Ltd.

Example |
Bxample 2
Bxamples 3 to 8
Comparative Example 1
Comparative Bxample 2
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si ngl e phase filnms which, although strong and transparent (as taught in the
prior art), are substantially incapable of being rendered uniformy

m cr oporwgesdggesst r et chi ng. Cool ing at tenperatures of | epsT/ianoaabout
90[err]C. below the 35 nelting point of the crystallizable polyner allows
for a too sl ow phase separation (crystallization) of the crystallizable
polymer with formation of |arge spherutites -9- 01 05629
that results in filnms which are weak. Casting -filns which are too thick

i.e., thicker tfhaff I, 000 mcrqneteis, tJo
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achi eve the proper cooling rate as described above also allows for a too
slow'crystallization. 5 As shown in FIG 1, generally, the

nel t - bl endwspdspkiean i.s obtai ned by feeding .into the hopper Pf%’W"Hﬂm
extruder 10 a mi xture of crystallizable polyner and bl endi ng conpound

t hrough the extruder which is heated, preferably with 3 zones 14, 15, 16,

respectively heated at increasing tem 10 peratures toward the extruder
exit 17 to a slot die 19 thatshag a slit gap—of25:t6-—1-000—F~Croneters.
Preferably, .the crystal IZzabl'e pql yner ijs fad i pto |t he|hopper Jof the
extruder and the bl ¢ndi &§|conpound i$ fejd by a suitfabl ¢ deyicd 13 into the
extruder via a port Jg, IR | the| extirygders 5e | #al lmipkerlned| aL g t he hopper
and the extruder exit=1&| Tt
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Is also preferable to utilize a suitable m xing device such as a static

m xer 18 between the extruder exit 17 and the slot die 19. In passing

t hr ough wbes/¢gbs uder, and, where used, the static m xer, p¢ispoRiopdipr € of

pol ymer and bl endi ng 20 conpound is heated to a tenperature at or at

| east  about 25[err]C. above the nelting point of the crystallizabl-e polyner
(but bel ow the thernmal degradation tenperature of the polyner) and m xed to
forma nelt-blend solution that.- is extruded through the slot die 19.as a

| ayer 25 into a 25 | i qui d quench bath 20 nmaintained at a suitable

tenperature bel ow t he nel thpgstrRIRE’ &bpit cecABILey crystal l i zabl e pol yner
using a suitable coolant, e.g., water. In sone instances, e.g., for nylon
and pol yester, it The rbsexrdent brtdcdle lozording to the present
invention comprisee, as a back sheet, a porous sheet
excellent in tensile srrength,-molding productiVity as
well as moistﬁre §ermeability and water pressure re-
sistance. Therefore, there is no need_of providing a
landing tape, and the absorbent_articie is inekpensive
and is easy to use in that a'fasteﬁing.tape'may be

adhered to any position of the back sheet regardless of ‘.

the body size of a wearer.

Many other variaribﬁs and modifications of the
invention will be apparent to those skilled in the art
without departing from the spirit and scope of the
invention. The above-described embodiments are, there~
fore, intended to be merely exemplary, and all such
variations and modifications:are intended to be ipclud-
ed within the scepe of the inventiqh as defined in the

appended eléims.
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4

solution in the extruder before it reaches the die to a 30 tenperature.
as nuch as 50[err] C cooler than the nelting tenpera- ture of the polyner in

order to oBtQ¥W6YMase separati-on—inthe sheet—The cool ed fRCTAPI§OESHEN | ed
fromthe quench bath 20, to rlentlng device 21, trans-
verse direction orienting decj "pml I"m“ “ ) take up 35 roIIer 23.
Oienting in tw directions is,* Ofc courge,s optional:. REPLACEMENT SHEET
1.00 > P> 0.015 log M + 0.955, the polypropylene
CLAIMS
1. An absorbent article comprising a liquid perme-

able topsheet, a liquid impermeable back sheet and an
absorbent member interposed between said topsheet and
said back sheet, said absofpent article being charac-
terized in that:
said back sheet comprises a porous sheet ob-
tainable by preparing, by melt blending, a melt blended
solution comprising 30 to 90 parts by weight of a
crystalline polyolefin and 10 to 70 parts by weight of
a compound with which said.Erystalliné polyolefin is
miscible and in which said crystalline polyolefin will
dissolve at or above the melting point of said crystal-
line polyolefin but which will phase separate below the
melting point of said crystalline polyolefin{ molding
said melt blended solution intd_a sheet, and stretching
said sheetiat least in one direction; and
| said crystalline polyolefin is a polypropylene
having a weight average molecplar weight (Mw) to number
average molecular weight (Mn) ratio (Mw/Mn) of more

than 6.0.

2. The absorbent article as claimed in claim 1,

- 27



exhi bits high crystallinity and inproved rigidity. If Pis less than 0.015
log M + 0.955, the pol ypropyl ene has reduced rigidity so that the porous.
sheet neawobsaezes 0 have a | arge thickness for assuring ripcrinegoesegessary as -
a back sheet, which |eeds=to an Ihgeease of cost. The M of the

pol ypr opyl ene preferd : S i60n10 3 to 2.0 g/10 min. If the M is

| ess than 0.03, the n _,ﬁ_—m?“-‘ I ncreased power in granul ation or
nol di ng because of its—pU’T luidity, which is not only uneconom cal but

hi nders speeding up of production. If it exceeds 2.0, the nolten resin has
reduced herein said polypropylene has an isotactic pendant e

content (P) and a melt index (MI) satisfying the_rela*" -
tionship:

1.00 > P > 0.015 Zog MI + 0.955

3. The absorbent article as élaiﬁed in claim 1,
wherein said compound is at least one compbund selected
from the group consisting of a mineral oil, a-synthetic ‘_
lubricating o0il, dioctyl phthalate, diethyl phthalate,
triethylene glycol, dibutyl phthalafe, and an ester of
phthalic acidqd, trimellitié acid, pyromellitic acid
and/or_an aliphatic poiybasic carboxylic acid and an

alkyl alcohol.

4. The absorbent article as claimed in claim 1,
wherein said porous sheet had a moisture permeability

of 0.5 to 4.0 g/100 cm2:hr.

e

Sheet Has Been Rei
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tension. It follows that, for exanple, a tubular filmof the polypropylene
is hard to lift in blown filmextrusion, and sheeting becones instable. The -
pol ypropy| swae9sregest i sfying the above rel ati onshi p can RETHPEYWSEY Dby,
for éexanple, the process disclosed in Japanese Patent Publication 64- 5051,
p. 7, coL. 13, 1.44 to p. 8, col. 15, 1.9. The conpound which is used in
the porous sheet is a conmpound wi th which said cystalline polyolefinis

m scible and in whi aid crystalline p@yol efsﬁ will di ss)ol ve at above
the melting point E ryétal 16
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they retract to the particle once the sheet nateri al
the internal structure.

01 05629 instead shows the residue of the fibrils as

. IS ruptured to reveal
_ The bl endi ng conpound may be renoved fromthe
m cro- 5 porous sheet to provide a unique m croporous sheet materi al

f or med

of the polymeric material per se. Renpval may be by sol vent extraction,
or any ot her.convenient nethod. Once the bl endi ng conpound

vol atilization,

has been renoveh iriftrgamdal fidlen isapolded igiteeta sheelte fioillioved Wiyt h

various 10 materials to provide any of a variety of specific func-

stretching), such a degree of improvement is still
insufficient for eliminating the neéessity of landing
tapes. In addition, since the use of the radical
generator makes melt flow propertieé of the molded
resin composition different from those of the
composition before molding, it is difficult to recycle
inevitably produced discarded pieces in the course of
the production, resulting in reduced productivity.

Further, Japanese Patent Application Laid-open 5-
38011 (corresponding to USP 4,539,256) discloses a
microporous sheet obtained by a process comprising
melt-blending a specific crystallizable polymer and a
specific compound miscible with that polymer, molding
the mixture inté a sheet, causing phase separation to
occur during a cooling step, and stretching the
resulting sheet.

Although the microporous sheet disclosed has two
or three times as high strength as a sheet obtained by
the conventional process (a molten mixture of a
polyolefin and an inorganic filler is molded into a
sheet followed by stretching), the strength still does
not reach a sufficient level for making landing tapes
needless. According to the present inventors' study,
a porous sheet withstanding removal of a fastening

tape

This is the replacement sheet

Date: 05 SEP 193



tions, thereby providing unique articles. For exaiple, the inbibing
material may be a liquid, solvent..§8F0t , g0l vent di spersion or solid.
Such materials may be inbi bed by any of a nunber of known nethods which
results in the 15 deposition of such materials within the porous structure
of the m croporous sheet. Some inbibing materials are nerely physically

pl aced within the m croporous sheet. In sone instances, the use of two or
nore reactive dorffon2nPs 2as04¢ M5 i AegbMig el €232 sther PolyprepyYAenet i on
within the 20 micrQporous sheet strugture. EX I'es of i nhi,bing materi al

|
i ncl ude nedi carffhiits i’d-tgé‘né‘é'ﬁ’?téﬁﬁ%%%}(ii‘?‘dagig'?riﬁgﬁveguﬂ-'flg&@&ﬁﬁ’s, Fésti ci des

and sol i d partigyate fmterial, 396h a5 ') '6adh, CUROBAYERYTRNS

has reduced rigidity so that the porous sheet may have

to have a 1large thickness for assuring rigidity

necessary as a back sheet, which leads to an increase

of cost.

The MI of the polypropylene preferably ranges

from 0.03 to 2.0.g/10 nin.
W, If the MI is less than 0.03, the molten polymer
needs increased power in granulation or molding
because of its poor fluidity, which is not only
uneconomical but hinders speeding up of production.
If it exceeds 2.0, the molten resin has reduced
tension. It follows that, for example, a tubular film
of the polypropylene is hard to lift in blown film
extrusion, and sheeting becomes instable.

The poiyproleene satisfying the above
relationship can be prepared by, for example, the
process discloséd in Japanese Patent Publication 64-
5051, p. 7, coL. 13, 1.44 to p. 8, éol. 15, 1.9.

The compound which i€ used in the porous sheet is
a compound with which said cystalline polyolefin is
miscible and in which said crystalline polyolefin will

dissolve at above the melting point of said crystal-

10 This is the replacement sheet

Date: 0 g SEP 1536
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M fe thods of making the same, and articles made t

as antistat or surfactants, may be inbi bed w thout renoval 25 of the- ! &

<
bl-endi-ng-comrpound. —Fhe-ni cr oporous*™sheet- nat eri-at; ~&l tHer ~Hot i HeT or e ~or———-.
after renoval of the bl'ending conpownd, nay be furt hereImidiFHGRFOY t he )
deposition thereon of any of a variety of conpositions by any of a variety.
of known coating or 30 deposition technigyes. For exanple, btfo gf or ous
sheet material may be coated with netal by vapor deposition~o g% ring
techniques or it may be coated with adhesives, aqueous or sol vent-based
coating conpositions or dyes. Coati ngbesgrbetaéenonplished by such ot her
conventional 35 coating techniques as roll coating, spray coating, dip
coating or.any other known coating techniques,

o L INEMd€Yoporous Sheet Material, Method of Making
and Articles Made Therewith

oo SIRRITINN -

Technical Field

5 The invention relates to microporous sheet material,

herewith. )
( - .
Background Art -

Microporous films or membranes have a 'structure that éj
enables fluids to flow through them. The effective pore
10 size is at least several times the mean free path of the
flowing molecules, namely from several micrometers down to
about 100 Angstroms.. Such sheets are generally opaque,
even when made of a transparent material, because the
surfaces and the internal structure scatter visibig light.
15 Microporous membranes or films have been utilized in a
' " wide variety of applications such as for the filtration of
solids, the ultra filtration of colloidal matter, as
diffusion barriers or separators in electrochemical cells,
. ; or in the preparation of synthetic leather, and in cloth
20 laminates. The latter utilities require, of course,
permeability to watef-vapor for the applications as ° . 2
22isigynthétic shoes, raincoats, outer wéar, ‘damping equipment
such as’ tents, ‘dnd éﬁé"iikef“'niéfoporohé'filmé or -*
. membranes are often utilized for filter cleaning
- 25 antibiotics, beer, oils, bacteriological broths, as.well as
for the analysis of air, microbiological samples,
interveneous fluids, vaccines and the like. Microporous
. ~." membranes or films are also utilized to make surgical
- -dressings, bandages, and in other fluid transmissive
30 medical applications. The microporous membrane or film may
be laminated to other articles to make laminates having )
particulaf'utility. Such laminations may include a
microporous layer and an outer shell layer to provide a
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01 05629 The m croporous sheet materials of fhe

present invention may be laninated to any of a variety of other structures
stch as other sheet naterials to provide a conposite structure which
i ncl udes the m croporous sheet 5 materi al of the presegi1#¥§qﬁ$%§n.
Lami nation can be acconplished by convgAtional techniques. fcY opor ous
sheet materials of the invention may be enployed in any of a wide variety

be
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of situatipagtieanarifeivseFiudr QRamut Sid tet LAES Noye beickdpddics They may

films or mewmbranes may be utilized as a tape backing to
provide products such as a fluid-transmissive, wound
dressing or hair set tape.

The art of preparing microporous films or _membranes is
not restricted, but rather is replete with a wide variety
of methods of producing such articles. Methods commonly

used to provide microporous films or membranes are

described in the following references:

U.K. Patent Application GB 2,026,381 A, published }
February 6, 1980, discloses the preparation of{ membranes
having a porous surface by blending polymer with a liquid
conponent to form a binary two-phase system which, in the

‘liquid aggregate state, has a region of miscibility and a

region with miscibility gaps, forming a shéet of the blend
in the former state, casting the f£ilm into a bath of the
liquid component, and removing the liquid component to
provide porosity. The_resultant non-oriented porous sheet
has a relatively low tensile strength. '

Various patents assigned to W. L. Gore and Associates,
Inc., including U.S. Patent Nos. 3,953,566; 3,962,153;
4,096,227; 4,110,392; 4,187,390 and 4,194,041, describe the
preparation of porous articles, including microporous

.sheets formed exclusively of polyteprafluoroethylene
.(PTFE), not a thermoplastic polymer, characterized by
‘having polymer nodes connected by fibrils. Such articles

are produced by extruding a paste comprised of PTFE
particles and a lubricant, removing the lubricant and
stretching and annealing the resultant product. The
resultant product is a sintered, oriented porous film of
PTFE. . _ T .
. U.S. pat. No. 3,201,364, assigned to Monsanto Company,
describes the preparation of a non-oriepted} gon-borous
packaging £ilm comprised of a single phase blend of
polypropylene and mineral oil, . . .
U.S. Pat. Nos. 4,100,238 and 4,197,148 describe the
preparation of microporous films by ‘extruding a two



"10 © used in the ultrafiltration of colloidal matter, as diffusion barrJers,
or separators in electrochem cal cells. They may be_ IagLaalgd_LQ”QLher
wetertal s and the Tamhate may be UtiTized in many ways, such as to form ~~+
raincoats or other outer wear, canping equipnent such as tengs 6%?9

sl eepi ng bags. The microporous sheet nat¥rials may be utlllzed as

filtering material for cleaning antibiotics, beer, oils, bacteriol ogical

broths and for i e

m cr obi ol ogi cal ecl meagéi&% %N% lﬁ%lﬁd%&n%%gegg%l %él quBant

-dr essi ngs, barmube%tréméphm%t% rrﬁédﬂd:ﬂ“‘n‘ad;ﬁﬂ‘t?&ﬁq dridm ¥mnobbatera uses for
:M croporous  shggd fr&fNpdfod PP ithe A drid e sts of polymer and a

; leachable, non-miscible substance. Once the leachable
1 5 dispersed polymér phase is removed and the film orientéd, a
‘ porous film results.

U.S. Pat. No. 3,679,540, assigned to Celanese
Corporation, discloses a method for making a microporous
polymer film by cold stretching an elastic polymer £ilm

10 until porous surface regions are formed by film failure, @
hot stretching the cold stretched film until fibrils and
pdres or open cells are formed and then heat setting the
resultant film. Controlled porosity is generally not
attained in such films because they do not always uniformly

15 fibrillate to a specific pore size.

AL R T T e . .

Certain U.S. patents disclose the preparation of

porous polymer f£ilms by blending into the polymer a
non-miscible leachable particulate substance such as
starch, salts, etc. forming a sheet and leaching the

20 particulate substance from the polymer sheet. Such U.S.
patents include Nos. 3,214,501 and 3,640,829. U.S. Pat.
No. 3,870,593 discloses the preparation of a microporous
polymer sheet by blending non-miscible, non-leachable
filler into the polymer, forming a sheet of the blend and _

25 stretching the sheet to form pores which are initiated at s

the sites of the filler particles. '

P

Disclosure of Invention

v—— -

Microporous sheet materials according to the present -
invention are made by the following method.steps:
' 30 (a) melt blending to form a solution of 30 to 80
‘ parts by weight of a crystallizable thermoplastic polymer
with correspondingly 70 to 20 parts by weight of a compound
with which the thermoplastic polymer is miscible and "in
which the thermoplastic polymer will dissolve at the
35 melting temperature of the thermoplastic polymeftbuy which
is immiscible below the melting temperature of the



"EXAVPLES The invention is further illustrated by the follow ng 25

exanpl es, wherein all parts are by weight, unless otherw se specified.

‘EXAMPLE 1 Crystallizabl e pol ypropyl ene (avail abl e under the trade

desigriati on "Profax" type 6723 fromHercules, Inc.) 30 havi ng a density

of 0.903 g/cc, a nelt flowindex of 0.8 and a nelting point of about

i - -—was—imtroduced” i O T he Topper —of —a—2. 5 cHTextruder fitted—wth-.

qa 10.16 cmby 0.076 cmslit gap sheeting die positioned above_.a, water
guench tank. The pol ypropyl ene was fed into the extruder 35 Oa'hgfislﬁﬂg

_ ext ruder operqﬁggﬁﬁpfgs‘%é"ﬁéﬁ§hé@r§N&hngé &ﬁ&gh the thermoplastic

’ polyer will phase separate on cooling to a temperature
below the melting temperature of the thermoplastic
polymer; o

5 (b) forming a sheet of the melt blended solution;
(c) cooling the sheet to a temperature at “which the

compound becomes immiscible with the thermbplastic polymer
to cause phase separation to occur between the thermoplas-
tic polymer and the compound thereby to provide a sheet

10 comprising an aggregate of a first phase comprising

| particles of the thermoplastic polymer in a secfnd phase
’ comprising the compound with adjacent thermoplastic polymer
.{'- particles being distinct but having a plurality of zones of-

continuity; and -

15 (d) orienting said sheet at least in one direction to
separate adjacent particles of thermoplastic polymer from
one another to provide a network of interconnected micro-
pores therebetween and to permanently -attenuate the thermo-
plastic polymeric material in the zones of continuity to

20 form fibrils.

The compound may be removed from the sheet, e.g., by
solvent extraction.

The formed sheet, before orientation, is a solid,
geﬁerally transparent sheet comprising an aggregate of a
(. 25 first phase of particles of thermoplastic polymer in a
i second phase of the additive compound. The particles, may
be described as lamellae, spherulites and aggregates of
spherulites of the polymer with additive compound occdpying
the space between particles. Aadjacent particles of polymer
30 .are distinct bht they have a plurality o§ zones of
continuity. That is, the polymer particles are generally
surrounded -or coated by the'compound but not completely.
There are areas of contact between adjacent polymer
particles where phase separation has not occurred and there
35 is a continuum 6f.polymer from one particle to the next
adjacent particle in such zones of continuity. - .



-13-- 01 05629 to produce a pol ypropyl ene sheet collected at - .
the rate of 7.6 neters per mnute. Mneral oil (avail able under the trade ¢

designation "Nujol" fromPlough, Inc,) having a_ boiling point of 200[err]C
amdt—a standard Saybol T viscosity of 5 360-390 at 38[err]C. (about 80 o
centi stokes). was introduced into the_ggtruder t hrough an inkfggb ort at .
arate to provide a blend of 70% by wei ght pol ypropyl ene an A%ﬁ§ i ght

m neral oil. The m xture was cast as a transparent filminto the water
quench bath whi ch RBsORheRELAGcBraBtESEehing,  the polymer particles are )

pulled apart, permanently attenuating the polymer in the
zones Of continuity thereby forming the fibrils and forming
minute voids between coated particles, creating a network

5 of interconnected.micropores, thereby rendering the sheet
permanently translucent. The size of the micropores is
easily controlled by varying the degree of stfetching,
percent of additive compound, melt-quench conditions,
compound removal and heat-stabilization procedures. The

10 microfibrils for the most part do not appear to be broken ' -

by stretching but they are permanently stretched béyond
their elastic limit so that they do not elastically recover N
to their original position when the stretching force is ©
released.  As used herein, “orienting" méans such
15 stretching beyond the elastic limit so as to introduce
permanent set or elongation of the sheet. By contrast,
assignee's U.S. Pat. No. 4,206,980 discloses similar films
but having fibrils not stretched beyond the elastic limit
in order to preserve the ;eversibly transparent—~translucent
20 feature of the films described in the batent.
The sheet of the invention has a microporous structure
characterized by a multiplicity of spaced (i.e., separated
. from one another), randomly dispersed, non-uniform shaped,
equiaxed, nonporous particles of thermoplastic polymer
25 coated with the compound and connected by fibrils. (Equiaxed aﬁ
means having approximately equal dimensions in all directions.)

LIy 3 . - -~ B
cames o7 % . . e - -

Brief ﬁéscription-of Drawingé
~ The invention will be further understood by reference
to the drawings, wherein:

30 FIG. 1 is a diagrammatical view of an apparatus that
may be used in the process of the invention to produce the
microporous film of the invention; _

FIG. 2 is a photomicrograph of the internal structure
of a 50% machine direction oriented polypfopylenq micro-

35 porous sheet according to the present invention at a
magnification of 1000 X; and



10" ~ producing a quenched filmat the rate of 7.6 neters per mnute. The
meltin the extruder and the sheet die was maintained at _approximately
245[err] C. during extrusion. The resulting filmwas then oriented at” roont -
tenperature in the machine direction to obtain .varying degrees of

el ongation. 15 The porosity of each fil migas neasured accordn@ 45629
ASTM D- 726- 58, Method A, by using a Gurley densoneter.to neasure the tine

in seconds to pass BIGS¢ QfaﬁhrdthteuﬁhotbﬁitkaEaBﬁ%O%Etkh%e%%éée%EEEeEtA
results are r rgfg |$ Taglﬁ I, 30- agnifications XA n .
bl end of 80% (0! yprapyf eFECERE 35of APREF aPagNLit {6R tiRRS: Ofe 5990y Ferndnd oi
described in BGfI® 1) wmespectively, to show more detail; and

FIG. 5 is a photomicrograph of the same subject as

5§ FIG. 2 showing the left half at a magnification of 5,000 X
and having a portion of the left half (identified by a  °
small rectangular border within the left half) further
enlarged to a magnification of 25,000 X presented as the
right half of this FIGURE to show further detail of the

10 fibrils between particles in the sheet material.

FIG. 6 is a photomicrograph of the surface! of a
polyethylene biaxially oriented microporous sheet material
according to the present invention at a magnification of
5000 X.

1s Detailed ‘Description of the.Invention ,
Crystallizable polymers suitable for use in the
preparation of microporous sheet materials bf the invention
are well known and readily commercially available.
Crystallizable polymers, upon cooling their melt under
20 controlled conditions, spontanéously"form geometrically
regular and ordered chemical structures. Preferred
crystallizable polymers for use in the present invention
have a high degree of crystallihity and also possess a
{¢. - -~ tensile strength of at least about 70 kg/cm?2 (1000 psi).
25 o Examples of suitable crystallizable polymers include
addition polymers such as polyolefins and condensation o
polymers such as polyesters and polyamides. . Useful . .
polyolefins preferably include the polymers of ethylene and
30 propylene but also may include isobutylene, l-octene,
styrene, isoprene, and the like, and copolymers of two or
more such olefins that may be polymerized to contain
crystalline and amorphous segments and mixtures of stereo-
specific modification of such polymers e.g., mixtures of
35 isotactic polypropylene and atactic polypropylene,
isotactic polystyrene and atactic polypropylene. Useful
polyesters includc polyethylene-terephthalate,




‘extruded as described in Exanple 1 into a water bath nmaintained at
49[err]C. collected at the rate of 7.6 nmeters per 25 mnute while
mai-ntai ning the nelt tenperature at 245[err]C. .and the filmdie at the sane.

t enper at ure.

Stretching versus parosity results are shown in Table . «

EXAMPLE 3 The.system.descri bed—n-Exanple. i-was-used-: fﬂnexf+tﬁhr{ﬁ+—1}4¥4aui_
as described in Exanple 2 except the,quench bath was mai ntai ned at

60[err] C
[

Tabl e
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- lizable polymer but will become immiscible on cooling and = °

to produce a film Eval uaten results of the fi O &5 GRS in s

polybutylene~terephthalate, polyhexamethyleneadipate, :
polyhexamethylenesuccinate, and polyester copolymers. '{
Useful polyamides include polyhexamethyleneadipamide,
polyhexamethylenesebacamide and polycaprolactam. Another
useful polymer is polyvinylidene fluoride. '
Compounds suitable for blending with the crystalliz-
able polymer to make the microporous sheet materials of the
invention are liquids or solids at room temperature and in
which the crystallizable polymer will dissolve to form a
solution at or near the melting temperature of the crystal-

from which the crystallizable polymer will phase separate
on cooling below the melting temperature of the crystal-
lizable polymer. Preferably, these compounds have a
boiling point at atmospheric pressure.at least ‘as high as
the melting temperature of the crystallizable polymef.
Compounds having lower boiling points may be used in those
instances where superatmospheric pressure may be employed
to elevate the boiling point of the compound to a
temperature at least as high as the melting temperature of
the crystallizable polymer. Generally, suitable compounds
have a solubility parameter and a hydrogen bonding
parameter within a few units of the values of these
parameters for the crystallizable polymer. .

Some exampfés of blends of crystallizable poljmers

‘and blending compounds which are useful in preparing = - ° b
" microporous sheet materials according ‘to the present
_ invention ‘include: polypropylene with mineral oil,.xi.

dioctylphthalate or mineral spirits; polypropylene- .
polyethylene copolymer with mineral oil; polyethylene with i}
mineral oil or mineral spirits; polyethylene terephthalate

" and polybutylene terephthalate with diethylphthalate; i
- polyester elastomer with dioctylphthalate, nylon 6

{polycaprolactam) with triethylene glycol; and
polyvinylidene fluoride with dibutyl phthalate.

The melt is prepared by mixing 30 to 80% by weight of
crystallizable thermoplastic polymer and correspondingly 70
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I n_Exanple 1,

01 05629 EXAMPLE 4 Foll ow ng the conditions described
.a_60:40 bl end of pol ypropyl ene: mneral_oil was prepared and

tretched but found to be unsuitabl e because the filmbroke 5 at a "
engt hwi se stretch of I ess than 10% The uEstretched filmhad poor

I ntegrity and crunbled easily w th-touch.

MPLE 5 A 70:30 0105 5629

ol ypropyl ene: mneral oil blend was extruded as described in Exanple
except the fiddgnaje pipsye W@Eabneﬂd%g%%%hh@ ) aingt fededH neﬁ?bath at

Oferr]C. The f|In1mas stre and its_pqrosity determ ned

S are

hown in Tabl &djxture to at east the melting point of the crystallizable
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polymer. For ease of handling the melt and in its casting,
it is convenient to initiate the formation of the melt-—
blend solution by heating the mixture to 25°C. to about
100°C. above the melting point of the crystallfzable
polymer.

The microporous sheet materials of the invention are
prepared by casting a layer of a melt-blend solution
comprising a crystallizable polymer and a blending compound -
and, depending -on the particular polymer, cooliég the layer
in a quench bath at an appropriate temperature preferably
between about 90°C and 225°C. below the melting temperature
of the crystallizable polymer to provide a proper cooling
rate. (For example for polypropylene having a melting
point of 176°C., a cooling temperature between about 40°C.
and 60°C. is employed.) Some minor degree of experimen-—
tation may be required to identify the appropriate tempera-
ture range which produces optimum phase separation for a
particular polymer-blending compound system, this being
well within the capability of one skilled in the art once
apprlsed of the’ present disclosure.

The attainment of the £ilms of the invention is
dependent on the rate of cooling. During cooling, heat is
removed from the melt-blend solution until the melting
temperature of the crystallizable polymer is reached and
solidification and phase separation of the polymer can
begin. Cooling temperatures greater than about 225°C..
below the melting point of the crystallizable polymer
causes too rapid quenching of the melt and can result in
single phase films which, although strong and transparent

(as taught in the prior art), are substantially incapable

of being rendered uniformly microporous by stretching.
Cooling at temperatures of less than about 90°C. below the
melting point of the crystallizable polymer allows for a
too slow phase separation (crystallization) of the
crystallizable polymer with formation of large spherulites



- EXAMPLE 6 The experinent of Exanple 5 was repeated except the 15 filmdie

was heated at 275[err]C. and the water bath maintained at 40[err]C. The
‘resultant filmwas stretched and eval uated for porosity with results shown -

in Table I.

EXAMPLE 7 The experinent of Exanple 6 was repeated. The 20

.
.

porosity.was.nmeasured after -stretching-to 35%---Jhe-35%stretchedfrmwas— .

then restrai ned and heat set

porosity was then neasured. The film wag
restraint

The 25

gi ven anot her 5
in the oven at 107[err]C. ana its porosity was ﬂgggﬁﬁgﬁgagaln

filmwas then washed with tol uene while restrained to

10
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that results in films which are weak. Casting films which
are too thick, i.e., thicker than 1,000 micrometers, to
achieve the éroper cooling rate as described above also
allows for a too slow crystallization.

As shown in FIG. 1, generally, the melt-blend solution
is obtained by feeding into the hopper 12 of an extruder 10
a mixture of crystaliizable polymer and blending compound
through the extruder which is heated, preferably with 3
zones 14, 15, 16, respectively heated at increasing tem-
peratufes toward the extruder exit 17 to a slot die 19 that
has a slit gap of 25 to 1,000 micrometers. Pref%rably, the
crystallizable polymer is fed into the hopper of the
extruder and the blending compound is ‘fed by a suitable
device 13 into the extruder via a port 1l in the extruder
wall intermediate the hopper and the extruder exit 17. It
is also preferable to utilize a suitable mixing device such
as a static mixer 18 between the extruder exit 17 and the
slot die 19. 1In passing through the extruder, and,, where
used, the static mixer, the mixture of polymer and blending
compound is heated to a temperature at or at least about

25°C. above the meltlng point of the crystallzzable polymer -

(but below the thermdl degradation temperature of the
polymer) and mixed to form a melt-blend solution that is
extruded through the slot die 19 as a layer 25 into a
liquid quench bath 20 maintained at a suitable temperature
below the melting temperature of the crystallizable polymer
using a suitable coolant, Y8 P water. In some instances,
e.g., for nylon and polyester, it is necessary to cool the
solution in the extruder before it reaches the die to a
temperature as mucﬁ as 50°C cooler than the melting tempera-
ture of the polymer in order to obtain phase separation in
the sheet. The cooled film is then led from the quench
bath 20, to machine-direction orienting device 21, trans-
verse direction orienting device 22 and then to take-up

roller 23. Orienting in two directions is, of course,
optional.

in an oven for 5 mnutes at 107[err]C. and its



'genbve mneral oil and dried in an oven at 107[err]C. and its porosity
nmeasured again. The result of each of the neasurenents Is shown in Table |

- as--Exahples -7 -fay —#b;- -and- 7¢,-respeetvel-y—-30- - —-——
_EXAMPLE 8 A 60:40 bl end of high density pol yethyl ene having a densit y of
"0.946 g/cc and a melt-flow index of 3.0 _(jgailable under th@1OHE29
desi gnation "Marlex" 6030 from 01 0 5629 -15-

The films of the invention possess a tensile strength
of at least about 10 kg/cm2, more often 50 kg/cm2 or higher
depending'on the tensile strength of the crystallizable
polymer used and the extent of orientation.

5 The films are rendered microporous by stretching until
micropores are permanently developed or formed in the film,
typically to at least obtain an increase in length (elonga-
tion) of about 10%. Stretching to provide an elongation of
about 10% to about 1,000% is typical. The actual amount 6f

10 stretching required will depend on the partzcular comp051-°
tion of the film and the degree of porosity deSLred.
‘Stretching may be provided by any suitable device which can
provide stretching-in at least one direction and may pro-
vide stretching both in that direction and in the trans-

15 verse direction. Stretching should be uniform to obtain

- uniform and controlled porosity. Stretching in one _
direction typically causes the film'tp narrow or "neck" in
the cross direction so .stretching to provide an elongation
of 50%, for example, does not produce a 50% increase in the

20 surface area of the f£ilm. _

The microporous sheet materials of the present inven-
tion are preferably dimensionally stabilized accordihg to
conventional well knowﬁ techniques by heating the oriented
sheet while it is restrained at a heat stabilizing

25 temperature. .

As shown in phofomicrogrqphs FIGS. 2;6, the micro-
porous sheet material of the invention is composed of
randomly dispersed, equiaxed, irreqgularly shaped, nonporous
particles of thermoplastic polymer. It should be.noted

30 that the blendihg compound had been removed prior to taking
photomicrographs 2-6. Particles are spaced from one
another to provide a network of micropores therebetween.
Particles are connected to each other by f£ibrils, shown in
detail in FIG. 5§, which radiate from each particle to the

35 next adjacent particles. The porous’ structure appearing on
the face of some of the particles in photomicr&graphs 2-5
is not an indication thaE the particles are porous but

o



‘Phitlips Petrol eum Conpany) and mineral oil ("Nujol") was extruded in the
same nmanner as described in Exanple 1 to produce a filmwhich was in |ine
1 engt hwi se stretched 50% and col | ected. The resultant filmwas further
machine 5 direction stretched while in a stretching apparatus and its -
_borosity measured with.results-being shown:in -Tabl-e-l--as—Exampte—8---Hits-— __
filmwas then washed while under restraint with toluene to renove the

mneral oil, air dried and its 10 porosiiy-mneasur ed. Th e? 629
i dentified under Exanple 8a are shown in Table I. The fi Exanpl e

vas heat apnegled LRG0 Y30 SA ThE) Funedl 19 L0 LELeS20 5 (e

the particle once the sheet material is ruptured to reveal
the internal structure.

The blending compound may be removed from the micro-

5 porous sheet to probide a unique microporous sheet material
formed of the polymeric material per gg.' Removal may be by
solvent extraction, volatilization, or any other convenient
method. Once the blending compound has been removed, the
resultant microporous sheet may be imbibed with various

10 materials to provide any of a variety of specific func-
tions, thereby providing unique articles. For example, the
imbibing material may be a liguid, solvent solution,
solvent dispersion or solid. Such materials may be imbibed
by any of a number of known methods which results in the

15 deposition of such materials within the porous structure of
the microporous sheet. Some imbibing materials are merely"
physically placed within the microporous sheet. 1In some
instances, the use of two or more reactive components as
the inbibing materials permits the reaction within the

2q microporous sheet structure. Examples of imbibing material
include medicaments, fragrances, antistatic agenis;-
surfactants, pesticides and solid ?articulaté material such
as activated carbon and pigments. Certain materials, such
as antistat or surfactants, may be imbibed without removal

25 of the blending compound. ' .

The microporous sheet material, either both before or
after removal of the blending compdund, may be further
modified by the deposition thereon of any of a variety of
compositions by any of a variety of known coating or

30 deposition techniques. For example, the microporous sheet
material may be coatad with metal by bapéf deposition or -
sputtering techniques or it may be coated with adhesives,
aqueous or solvent-based coating compositions or dyes.

Coating may be accomplished by such other conventional

35 coating techniques as roll coating, spray coating, dip

coating or any other known coating techniques.




neésured Results are shown in Table | under Exanple 8b. 15 The film
‘described in Exanpl e 8b was cross stretched approximately 30% and the
—porostty-—neasured-wthresults SHown~ih Tabre ‘1~ under "Exanpl e 8c. EXAMPLE 9~
.Afilmwas prepared froma nelt blend of _parts 20

pol yet hyl ene- pol ypr opyl ene copol yner (avaﬁ%able under the trgﬁkch§§53ﬁ&tlon
"Shel|" copoly P 6313) and 30 parts mneral oil as described in Exanple 1

under the sanme con-gyll thQopdFéus méenﬁatéamsparsﬁ the! prygepgounted in
a stretching ‘apparatus, stretched 50@6|n the | engthwi se 25 direction,

washed with tdinyantigh imay &g rLaminp ted aﬁﬂléﬁ¥ ?Enbe?ﬁFb?EYaﬂﬁ ptherset at
107[err] C. forsthhdburd€ssudineas other sheet materials to provide a

composite structiure which includes the microporous sheét
5 material of the present invention. Lamination can be
accomplished by conventional techniques.

The microporous sheet materials of the invention may
be employed in any of a wide variety of situations where
their microporous structures may be utilized. They méy be

10 used in the ultrafiltration of colloidal matter, as .
. diffusion barriers or separators in electrocherfical cells.
They may be laminated to other materials and the laminate
may be utilized in many ways, such as to form raincoats or
other outer wear, camping equipment such as tents and
15 sleeping bags. The microporous sheet materials may be
utilized as filtering material for cleaning antibiotics,
beer, oils, bactériological broths and for sample .
collection in air analysis and to collect microbiological
specimens. They may be utilized to make surgical
20 dressings, bandages and in other medical applications. Many
other uses for microporous sheets can be found in the
literature.

EXAMPLES
- .The invention is further illustrated by the following
25 examples, wherein-all pafts are by weight, unless otherwise
specified.

EXAMPLE 1
. Crystallizabhle polypropylene (available under the

" trade designation *pProfax" type 6723 from Hercules, Inc.)

30 having a density of 0.903 g/cc, a melt flow index of 0.8

and a melting point of about 176°C. was introduced into
the hopper of a 2.5 cm extruder fitted with a 10.16 cm by

0.076 cm slit gap sheeting die positioned above a water
quench tank. The polypropylene was fed into thé extruder
35 and the extruder operated at a 60 cc/min through put rate



porosity before stretching, solvent washing and annealing was too high to
measure. The porosity after this treatnment was 415.8 seconds. 30
EXAMPLE 10 The microporous fil s of Exanples 1, 2, 5, 6 and 8c were tested

for noisture vapor transm ssion by-conparing the noisture evaporation or

4A+ansm-sst oft- F-ate—-of-—-wat-et— f-r-om—a'rr'opm- far—and -wi-th-each-of-thetests————..
sanpl es applied over 35 the jar opening. The open jar was considered to

have a -16-

10

15

20

25

3a

minute while maintaining. the melt temperature at 245°C. and

01 056223 3- 0105629 -

to produce a polypropylene sheet collected at the rate of
7.6 meters per minute. Mineral oil (available under the
trade designation "Nujol".from Plough, Inc.) having a
boiling point of 200°C. and a standard Saybolt viscosity of
360-390 at 38°C. (about 80 centistokes) was introduced into
the extruder through an injection bort at a rate to provide
a blend of 70% by weight polypropylene and 30% by weight
mineral oil. The mixture was cast as a transparent film
into the water quench bath which was maintained at 49°C.,
producing a quenched f£ilm at the rate of 7.6 meters per
minute. The melt.in the extruder and the sheét die was
maintained at approximately 245°C.'during extrusion. The i
resulting film was then oriented at room temperature in the f:}
machine direction to obtain varying degrees of elongatlon.

The porosity of each fllm was measured according to

-~

ASTM-D-726-58, Method A, by using a Gurley densometer to
measure the time in seconds to pass 50 cc of air through

the film. Porosity measurement results are reported in
Table I.

EXAMPLE 2
A blend of 80% polypropylene and 20% mineral oil (of
the same polymer and oil described in Example 1) was
extruded as described in Example 1 into a water bath
maintained at 49°C. collected at the rate of 7.6 meters per g%

the film dle at the same temperature. Stretching versus
por051ty ‘results are shown in Table I. ’ '

EXAMPLE 3
The system described in Example 1 was used to extrude
a blend as -described in Example 2 except the quench bath
was maintained at 60°C. to produce a film. Evaluation
results of the film.are shown in Table 1I.



"100% noi sture transm ssion rate and the relative trans- m ssion rate of
each of the filmsanples is conpared to the transm ssion rate of the open
jar. Anbient conditions were used, i.e., approximately 21[err]C. at 50%
felative humdity. 5 Results are shown in Table Il. ~The npisture vapor
.trans- mssion:.rate_of .two conmercially available m croporous filns
avai |l abl e under the trade deS|gnat|on "Cel gard" fromthe Cel anese Conpany’
"were al so evaluated and the results are alge reported in Ta q ig
EXAMPLE 11 A filmas described in Exanple 1 was prepared with't é;@ gption
.that it was stretched 50%in line |engiApse gnd its width stretched 50%in

line. The filmwas neasured for
Following the conditions described in Example 1, a

60:40 blend of polypropylene:mineral oil was prepared and

stretched but found to be unsuitable because the film broke
5 at a 1engthwise-stretch of less than 10%. The unstretched

film had poor integrity and crumbled easily with -touch.

EXAMPLE 5
A 70:30 polypropylene:mineral oil blend was extruded
as described in Example 1 (except the film die was
10 maintained at 260°C.) into a quench bath at 40°?. The film °
was stretched and its porosity determined. Results are
shown in Table I.

EXAMPLE 6
The experiment of Example 5 was repeated except the
15 fllm die was heated at 275°C. and the water bath maintained
at 40°C. The resultant film was stretched and evaluated
for porosity with results shown in Table 1I.

EXAMPLE 7
The experiment of Example 6 was repeated. The

20 porosity was measured after stretching to 35%. The 35%
stretched £ilm was then restrained and heat set in an oven
for 5 minutes at 107°C. and its porosity was then measured.
The £ilm was given another 5 minutes under restraint in the

. ._oven at 107°C. and its porosity was measured again. The

25 f£ilm was then washed with toluene while restrained to
remoQé mineral oil and dried in an oven at 107°C. and its
porosity measured again. The result of each of the
measurements is shown in Table I as Examples 7, 7a, 7b, and
7c, respectively.

30 EXAMPLE 8
A 60:40 blend of high density polyethylene having a
éensity of 0.946 g/cc and a melt-flow index of 3.0
(available under the trade designation *"Marlex" 6030 from



porosity and noisture vapor transm ssion, as in Exanple 10 15 and Wi t hout “
the mineral oil remved and with -the- oil—renroved-by-washi-ng-wth—totuene-as—..-

in Exanple 1la. Results are: EX. MWT%

Porosity No. (g/nmerr]/24 hts.) MT%- (seconds to pa@10582Y air) _ .
11 1102. 8 76 - 15 -~ 48.1 20 |l la 1131.8

78 ' 25.8 EXAMPLE 12 A 70: 30 bl end of pol ypropyl ene: di octyl

ht hal at d . . ' ' ol t th
ol ¢t onper Shags RECEEEESL0Ph Bonpdnf] odRERLREE o) CHORIA D SHEFDL 1 e
mai nt ai ned extB0fedr {1t thahears manney |amgiewtsibed rn cBeanpbesl rtax
stretching gpR3LRLYS 29tn| ANDCh (Wad® Pinél Lengthwise stretched 50%

and collected. The resultant film was further machine
5 direction stretched while in a stretching apparatus and its
porosity measured with results being shown in Table I as
Example 8. _
-This film was then washed while under restraint with
toluene to remove the mineral oil, air dried and its
10 porosity measured. The results, identified under Example
8a are shown in Table I. '
The film of Example 8a was heat annealed for 10 minutes Ej
at 93°C. and then, after cooling, the air perméability
measured. Results are shown in Table I under Example 8b.
15 The film described in Example 8b was cross stretched
' approximately 30% and the porosity measured with results
shown in Table I under Example 8c.
EXAMPLE 9
A film was prepared from a melt blend of 70 parts
20 polyethylene-polypropylene copolymer (available under the
trade designation "Shell"™ copoly P 6313) and 30 parts
mineral oil as described in Example 1 under the same con-
ditions. The resultant transparent £ilm was mounted in a .
stretching apparatus, stfetchédnSO% in the lengthwise £
.-25 direction, washed witq"tplgege.yhi}e restrained at ambient
ﬁ,g,ﬁgemperature'and heat set at. 107°C. for 10 minutes.  The '~
. porosity before stretching, solvent washing and annealing

was too high to measure. The porosity after this treatment
was 415.8 seconds. ‘

30 L EXAMPLE 10 _

. ‘The microporous films of Examples 1, 2, 5, 6 and 8c
were tested for moisture vapor transmission by comparing
the moisture evaporation or transmission rate of water from
an open jar and with each of the tests samples appiied over

35 the jar opening. The open jar was considered to have a




porosity of 1155.3 seconds. The stretched fil mdescri bed above was washed
Mi-+-h—aet-hyl-et hyl— ket-one -sol-vent--t 0- Ferpve—t ke di-oet-y--pht-hat-at-e~36—and—air _ ..
dried. This filmhad an air porosity of 840.4 seconds. The film described
above was ahneal ed for 10 minutes at 107[err]C. under restrai&t' Gr})d Ié%
air porosity found to be 713.9 seconds. 16 -01 05629 -17- 6

10

15

20

100% moisture transmission rate and the relative trans-
mission rate of each of the film samples is compared to the
transmission rate. of the open jar. Ambient conditions were
used, i.e., approximately 21°C. at 50% relative humidity.
Results are shown in Table II. The moisture vapor trans-
mission rate of two commercially available'ﬁicroporous
films available under the trade designation "Celgard" from
the Celanese Company were also evaluated and the results
are also reported in Table II. ' .

EXAMPLE 1l
A film as described in Example 1 was prepared with the
exception that.it was stretched 50% in line lengthWLSe and
its width stretched 50% in line. The film was measured for
porosity and moisture vapor transmission, as in Example 10
and without the mineral o0il removed and with the o0il removed '
by washing with toluene as in Example "lla. Results are: ‘

Ex. MVTS. . Porosity
No. (g/m2/24 hts.) MVT$ (seconds to pass 50 cc of air)
11 1102.8 76 48.1
lla 1131.8 78 25.8
" EXAMPLE 12

A 70:30 blend of polypropylene-dloctyl phthalate was.

- ‘extruded to form a film as described’ in Example 1 except "the

25

melt temperatire was?260°C.’ and the water quench temperature
was maintained "at 60°C. The film was lengthwise stretched

" 65% in a stretching apparatus and found to have an air

30

porosity of 1155.3 seconds.

The stretched film described above was washed with
methylethyl ketone solvent to remove the dioctyl phthalate
and air dried. This film had an air porosity of 840.4

seconds. TeTO T e

‘“-7The film described above was annealed for 10 minutes at

*--107°C. under restraint and ltS air porosity found to be

713.9 seconds. -



EXAMPLE 13 The 70:30 bl end of pol ypropyl ene: mneral oil described in

-

Exanple 1 was formed into a sheet as.descrLibed _except. the_nm:_e,n_m_end_was _

Tast onto a casting wheel mai nt ai ned at 5 30[err]C. The resultant
transparent filmwas in line length sfretched 50%resulti®d Qﬁaﬂﬁpaque
filmwhich was neasured for air por05|¥§ and noi sture transm ssion. The
filmhad no apparent air porosity and had a noi sture vapor transm ssion of
330 g/ nm2/ 24 hrs. or 23% This film ﬁgﬂﬂwe 10 physical structure,
unlike the filns of the previous ex h have an open or porous
structure on bot HhurkGcid kikend b RpkyRrapwlens mingyal foilndestribed ous

structure on Pnxaiight ANdrAPPEShR! £t DBHE O ddict Tk SR g difae

molten blend was cast onto a casting wheel maintained at

5§ 30°C. The resultant transparent £ilm was in line length
stretched 50% resulting in an opaque film which was measured
for air porosity and moisture transmission. The film had no
apparent air porosity and had a moisture vapor transmission
of 330 g/m2/24 hrs. or 23%. This film had a unique

10 physical structure, unlike the films of the prev1oPs examples
which have an open or porous structure on both surfaces and
throughout the fllm.. This £ilm had a porous structure on
one side and approximately 75% through the thickness of the
film, whereas the other side and the remaining 25% of the

15 thickness had a fused or compressed structure. This fused
or sealed side of the film had contacted the casting wheel-
upon exiting the film die. The porous side of the film
could be marked with a felt—tipped marking pen whereas the
smooth opposite side could not easily be marked and, when

20 _markings were placed on the smooth side, they smeared or
wiped off easily. Films with sueh properties can be used as
protective films or tapes, either for the resistance to

marking or, by reversing the film to use the opposite side,
for ready markability.

25 . EXAMPLE14
Szii WL A 70 30 blend of polyester copolymer (avaxlable under
the trade designation "Hytrel" 6346) and dloctyl phthalate
was pelletized using a Baker Perkins twin screw compounder.
" (“Hytrel" is the trade designation of a polyester
30 elastomeric block copolymer of short chain diol
terephthalate and long chain polyester diol terephthalate
manufactured by the E. I. DuPont Company.) The pellets were
-extruded as described in Example 1, except that no other
dioctyl phthalate was injected into the sysﬁem and the melt
35 temperature was malntained at 274°C. and the water quench
bath was maintained at $5°C. The resulting transparent film

o~y

Hied¥



ft1m Wwhereas the other side and the remaining 25% of the 15 thickness- had
a fused or conpressed structure. Thi s fused or sealed side of the film had
gontacted-the casting wheel upon eX|t|ng the filmdie. The por ous “side of

g he filmcould be marked with a felt-tipped8marking pen where 0
Ppposite side could not easily be mar ked and when 20 mar ki nggm% -

®n the snooth side, the re or W pe a uch
Properties can tfele]d%e"éf‘ s"‘fﬂ'b Hetié f‘f rﬁ% a%{éégin ILE}EEEF thn&

& esi stagce tokrrgfdﬁertg:md 4on s eVBresusvet@édlfnlm use waeheppusthemetldyel-
?rp(r)?;legt g?rcg BIW% kzéone soblrvent to remove the W&E E:ﬂtﬁ‘aigi:éoal% ef‘gs

avai I'a
air porosity measured, after drying. The air porosity was

5 15,350 seconds. The film was biaxially stretched 40% and
then found to have a porosity of 7,255 secondsy

EXAMPLE 15
Nylon 6 (available from the Foster Grant Company under
the trade designation "FOSTA"™ Number 471) was extruded on

10 the 2.5 cm extruder while triethylene glycol yas injected'
into the extruder barrel to provide a 60:40 nylon
6:triethylene glycol blend which was cast from a 10.16 cm

" by 0.076 cm slit gap sheeting die heated at 220°C. and cast
into a water quench bath at the rate of 5.2 meters per

15 minute with the water bath being maintained at 44°C. fhe
extruder melt temperature of the'blend was maintained-at
220°C. The film usually cast as transparent although, as
some Of the triethyleﬁe glycol was removed by the water in -
the quench bath, the film assumed ‘a slightly opaque appear-

20 ance on drying. As the glycol dissipated, the film became
completely opaque. The dried f£ilm wes stretched lengthwise
30% and the air porosity found to be 350 seconds.

EXAMPLE 16
A film was prepared of the blend described in Example
25 8, length stretched 35% in a stretchlng apparatus, and
“““found to have a ‘porosity of 848.1 seconds. “-The film was
then solvent washed while restrained in isopropanol to

remove oil, air dried and found to have a porosity of 130.3
seconds. The film was heated to 93.3°C. for 5 minutes in
30 the stretching apparatus and found to have an air porosity
" of 71.8 seconds. The f£ilm was then cross stretched 30% and
found to have a porosity of 34 seconds. Tt
| A similar freshly formed film as described above was
washed in isopropyl alcohol and, after drying, found to
35  have a porosity of 835.7 seconds. The film was length



"the trade designation "Hytrel"™ 6346) and di octyl phthalate was pelletized

using a Baker Perkins twin screw conpounder. ("Hytrel" is the trade

‘desi gnation of a polyester 30 el astoneric bl ock copol yner of short chain

di ol terephthalate and | ong chain~po|yester di ol terephthal ate manufactured®

_by the E. . ..DuPont—Conpany)y—Fhe pett-ets wereextruded as described in-.
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Exanpl e 1, except that no other dioctyl phthalate was injected into the _
system and the nelt 35 tenperature was namintained at 274[err¢(-i. 0@6%? -0
ransparent

. wat er quench bath was maintained at 55[%%r7C. The resul ting

film
stretched 35% and found to have a porosity of 211.4
seconds. Upon heat.treating the stretched film at 93.3°C.
for S minutes, its porosity was found to be 111.8 seconds.

The same £film cros% stretched 30% had an air porosity of
5 32.3 seconds. '

_ EXAMPLE 17
A 60:40 blend of high density polyethylene available

from Atlantic Richfield Co. under the trade designafion . .

"Arco" 8590 having a density of 0.955 and a melt( flow index
10 of 11.0 and mineral oil "Nujol" was melt mixed in an

extruder, cast from a 10.16 cm by o.oq cm slit gap sheeting

die at a melt temperature of 126.7°C. kapproximately lo°cC.

below its crystalline melting point) into a water quench

bath maintained at 48°C. and collected at the rate of 7.6
15 meters per minute. The resulting transparent £ilm was'

length stretched 25% and solvent extracted with isopropyl

&

alcohol to remove mineral oil to produce-a microporous £ilm
having a porosity of 595 seconds. The microporous film was
_cross stretched 25¢ and its air porosity found to be 193
20 seconds. After heat treatment at 93.3° for 5 minutes, the
. porosity was 192 seconds.

... -w:: .-, EXAMPLE 18 S R %
. A éS;BS.blenﬁzpf-polypropylene (available under the
.. trade designation "pProfax". 6330 having a density of 0.90
*25 g/::c. 'émé.a melt flow index of 12.0):mineral oil ("Nujol”) |
' was melt mixed in the extruder cast from a 10.06 cm by 0.06
cm slit gap sheeting die at a melt temperature of lg4°C.,
approximatelj 10° below its crystalline melt point, into a
water quench bath maintained at 45°C.'and collected at 7.3
. 30 meters per minute. The resulting transparent film was
_ cross stretched 30% and washed_with isopropyl alcohol to
‘remove mineral oil, producing a microporous film having a
-porosity of'i170 seconds. '

PR



- -18- 01 05629 filmwas nmounted in a length stretching
apparatus and stretched 40% The stretched filmwas washed wi th nethyl -
“et hyl, ket one solvent to renove the dioctyl phthalate and its air porosity
measured, after drying. The air porosity was 5 15, 350 seconds. The film
...was_-hiaxially--st-retehed 46%-and t hen found to-have a porosity of 7,255

. seconds. EXAMPLE 15 Nylon 6 (avail able £ g the Foster Graqg mg under
the trade designation "FOSTA" Nunber 471? was extruded on 2.5 cm -

extruder while triethylene glycol was injected into the extruder barrel to
. provide a 60:40 nylon 6:triethyl ene gIBXANMPLEeb®8 whi ch was cast froma

10-16_0”‘ A 55:45 blend of polyethylene terephthalate héving an
intrinsic viscosity of 0.6 and a density of 1.37 g/cc and .
diethyl phthalate was melt blended and extruded using the

5 apparatus described in Example 1 except the extrusion
orifice was 10.16 cm by 0.06 cm and the melt temperature
was 215°C., approximately 50° below its crfstalline melting
point. <The water quench bath was maintained at 40°C. and
the £ilm collected at 3.66 meters per minute. The

10 resulting transparent film was stretched 20% in the
lengthwise direction. under ambient conditions ahnd 20% in
the cross direction, washed in isopropyl alcohol to remove
the diethyl phthalate, dried and foun@ to have a porosity
of 7675 seconds. . ‘ '

15 EXAMPLE 20
A 70:30 blend of polybutylene terephthalate (available
from Eastman Chemical Company under the trade designation
" "Tenite” 6-P4D) and diethyl phthalate was melt mixed in the
extruder, cast from a 10.16 cm by 0.06 cm slit gap sheeting
20 die at a melt temperature of 224°C., approximately at its
- crystalline melting point, into a water quench bath
maintained at 60°C. and collected at 6.7 meters per minute.
The'resulting transparent £ilm was stretched under ambient
conditions in the lengﬁh and cross directions 20% and -
25 ‘'washed in toluene to remove thée diethyl phthalate. The
resulting microporous £ilm had a porosity of 2,735 seconds.

T £ Taiil D R
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EXAMPLE 21 _
The 30:70 blend of high density polyethylene having a

density of 0.955 and a melt flow index of 11.0 (available
30 under the trade designation "Arco® 8590):mineral oil

("Nujol") was melt mixed in the extruder at 254°C. and cast

from the 10.16 cm by 0.06 cm slit of the sheeting die at a

melt temperature of 271°C. into quench water maintained at

54°C. and collected at the rate of 7.62 meters per minute.
35 The resultant transparent f£ilm was washed with toluene to




by 0.076 cmslit gap sheeting die heated at 220[err]C. and cast into a

wat er quench bath at the rate of 5.2 neters per 15 mnute with the water
bath being maintained at 44[err]C. The extruder nelt tenperature of the "

bl end was mai ntained at 220[err]C. The filmusually cast as transparent” *
~a-though;--as-sere—ef—the-triethytene grycol—Wwas T eifoved by the wat er 1 the—-
quench bath, the filmassuned a slightly opaque appear- 20 ance on

drying. As the glycol dissipated, thefli™m becarme conpl et ey 5B The . ¢
dried filmwas stretched Iengthmﬁse 30% and the air porosity found to be

Beamle 25 oRovEomtadnpbad ST BHEPRRE el Uie e EROLEREE, 3T 14" ‘

the machlne dlrection and cross stretched 25%. The resul-
tant stretched microporous film had a porosity of 4.8 seconds.

EXAMPLE 22
5 A 60:30 blend of polyvinylidene fiuoride.(having a den-
sity of 1.75 g/cc and being available from Pennwalt

Chemicals Company under the trade designation "Kynar" 740)
and dibutyl phthalate was melt mixed in a twin screw
extruder at 250°C. and cast from a 0.06 cm by 15.24 cm slit s

10 260°C. sheeting die into a 32° water bath to produce -a film
which was collected at the rate of 7.62 meters per minute.
‘The resultant transparent film was washed with
1,1,1-trichloroethane, biaxially stretched 10% in each
direction and its air porosity found to be 1,099

15 seconds. The moisture vapor transmission was found to be 25%.

. oo - et e Lt em gemecanen e carte en s e P e @sme: @t et bmp. . o mwes ey o fmmes me R mege an




found to have a porosity of 848.1 sgconds. The filmwas_then sol vent washed

porosity of 130.3 seconds. The fil mwa§2heat ed to 93. 3[err(hq ofs) oé
I nutes in 30 the stretching apparatus and found to have § g%lty

rared i m 1 S0Pt opanol” To renove oil, air dried and found to have T

iof 71.8 seconds. 'Lhe filmwas then cross stretched 30% gnd found to have a
orosity of 34 skeqnds. A similar freshly forned fil ma& descri bed above
gvas washed in isppropyl alcohol and, after drying, found to 35 have a
gorosity of 835.F ﬁeconds. The filmwas |ength o
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-19- 01 05629 stretched 35% and found to have a por osr‘ty
211, 4 -seconrds—lJpon-heat—t-reatirg-tte stretched-frtmar—933ferrre—for—
mnutes, its porosity was found to ‘be lllp8.seconds. The san® {f0IE%D @ss
retched 30% had an air porosity of 5 32.3 seconds. EXAMPLE 17 A 60:4

end of high densitly,pol yethyl ene available fromAtlantic Richfield Co.
nder the trade desilgRption "Arco" 8590 having a density of 0.955 and a

el t( flow index 10 jof 11.0 and mineral oil "Nujol"” was nelt mxed in an
truder, cast fromfa {0.16 cmby 0.06 cmslit gap sheeting die at a nelt
bnper at ure of 126. '[z@ r]C. (approximately 10[err]C
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TABLE I
POROSITY (SEC TO PASS 50 cc AIR)
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below its crystalline nelting point) into a water quench bath maintai ned at
~48ferri-€—and-ctofttected at— tthe Tat & of 776 15 Treters--per—m-nute: ~~Fhe-—-— - .
resulting transparent filmwas | ength stretched 25% and sol vent extracted
with isopropyl alcohol to remove mineral 0ijgta produce a mcrof@ilods 629 .
having a porosity of 595 seconds. The mcroporous filmwas cross stretched
"25% and its air porosity found to be 193 20 seconds. After heat treatment
at 93.3[err] for 5 mnutes, the porosity was 192 seconds. EXAMPLE-18 A

65: 35 bl end of pol ypropyl ene (avail abl e under the trade designation

"Profax" 6330 having gdensity of 0.90 25 g/cc and a nelt flow index of
12.0):mneral oil ("Nujjol™)
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was nelt mxed in the extruder cast froma 10.06 cmby 0.06 cmslit gap
sheeting die at a nelt tenperature of 164[err]C., approximately 10[err] .

below its crystalline nelt point |nto a water quench bat h mai ntai ned at ° -
45+ C. -and—cottected—at—73"30 nerers'ger mnute. "Thé" TEesurting T
trpnsparent filmwas cross stretched Beﬁéand'mashed wi th isopropyl, al cohol

to} renove mneral oil, producing a mcrg(g%&ous fil mhaving a por §Q§56f29
11f0 seconds. - 20- SIEXAVPLE 19

l. A method of making a microporous sheet, characterized
by including the following steps:
(a) melt blending to form a solution of 30 to.80
parts by weight of a crystallizable thermoplastic
5 polymer with correspondingly 70 to 20 parts by
' weight of a compound with which said thermo-
plastic polymer is miscible and in which said
thermoplastic polymer will dissolve at the
melting temperature of said thermoplastic polymer
10 ) but which is immiscible below the melting
temperature of said thermoplastic polymer and
from which said thermoplastic polymer will phase :
separate on cooling to a températqre below the é-
melting temperature of said thermoplastic
15 polymer;
. (b) forming a sheet of the melt blended solution;.’
{c) cooling said sheet to a témperature at which said
compound becomes immiscible with said thermoplas-
tic polymer to cause phase separation to occur
20 between said compound and said polymer thereby to
provide a sheet comprising an aggregate of a
first phase comprising particles of said thermo-
plaétic polymer in a second phase comprising said
compound with adjacent thermoplastic polymer

25 particles being distinct but having a plurality €:
. of zones of continuity; and :
(d) - orienting-said sheet at least in one direction to

separate adjacent particles of thermoplastic
polymer from one another to provide a network of
30 interconnected micropores therebetween and to

permanently attenuate the thermoplastic polymeric
material in said zones of continuity to form fibrils.

2. The method of claim 1 further characterized by said
orlenting being biaxial orlentlng.
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- A 55:45 bl end of polyethylene terephthal ate having an intrinsic viscosity

of 0. and a density of 1.37 g/cc and diethyl phthalate was nelt bl ended

and extruded using the 5 apparatus described in Exanple 1 except the
-extrusiqon ori-fi-ee-was—10-16- cmby—0.06zgntard-thenetttemperat ure was — " 7~
215[err]C approxi mately 50[err] belowits crystalline neltln?é£0|nt The

wat er quench bath was nmaintained at 40[err]C. and the fil m c§ b&1249

3.66 neters per mnute. The 10 resulting transparent filmwas stretched
20% 1in the | engthw se direction under ambient conditions and 20%in the

cross directidn, Whawethrd fprobdimal chuothes chabsetendzedebrysaid

phthal ate, dried a5k dmuil trSPa®ifg PAT P8RS Y OinéPEasECEANESid sheet of

from about 10 to about 1,000 percent of the orlglnal
length of said sheet.

5 4. The method of claim 1 further characterized by

including the additional step of removing said
compound.

5. The method of claim 1 further characterized Py ‘
including_the additional step of dimensionally

10 stabilizing said sheet by heating the oriented sheet,
while it is restrained, to a heat stabilizing
temperature.

- 6. The method of claims 1, 3, 4 and 5 further
characterized by including the additional step of
15 laminating said microporous sheet to a second sheet.

7. The method of claim 'l further characterized by said
thermoplastic polymer and said compound being selected
from the group consisting of .
(a) polypropylene with mineral oil, dioctylphthalate
20 . or mineral spirits; .-
(b) polyethylene with mineral oil or m1nera1 spirits;
(c) polyprogylene-polyethylene copolymer with mineral

oil; _
" (d) polyethylene terephthalate with diethylphthalate;
25 (e) polycaprolactam with triethylene glycol;

(£) polyvinylidene fluoride with dibutyl phthalate;
(g) polybutyiene terephthalate with diethylphthalate;
and _ _

(h) polyester copolymer with dioctylphthalate.

T [ i



. heet Has Been Replaced
is - EXAMPLE 20 A polybutylene
ter epht h hgl,at/e/(avw from East man Chem cal the trade -

desi gnati g )“and_dLeLhyJ_phIha t n1xed#rﬂ-%he—______
T T uder as10. 16 cm by O. 06 cmslit gap sheetlng 20 die at a

el t terrp ure of 224[err]C., approXiggtely at its crystal | OitO2G2&y
oi nt, into a wat er quench bath mai ntarmmed at 60[err] C. and col | ected at

.7 meters per minute. The resulting transparent filmwas stretched under
o oo 0 AT BEb SR R LA A A 58 ppatesie
ad a porosity of 2pr8SesscofidslamXAVRiliaRdcterized by comprising about 30
to 80 parts by weight of crystallizable thermoplastic
polymer and-correspondingly about 70 to 20 parts by
5 weight of a compound with which said thermoplastié
polymer is miscible and in which said thermdplastic
. polymer will dissolve at the melting temperature'of
said thermoplastic polymer but with which said
thermoplastic polymer is immiscible below said melting

10 temperature and from which said thermoplast%c polymer. '

[an Y

b el 0 3 W » Yo om Sl

will phase sepaféte on cooling to a temperature below
said melting temperature of said thermoplastic polymer,
said microporous sheet having an internal. structure
characterized by a multiplicity of spaced, randomly

15 dispersed, non-uniform shaped, equiaxed, non-porous
particles of said thermoplastic pdlymer coated with -
said compound, adjacent coated partlcles throughout
said sheet being separated from one another to
provide said sheet with a network of interconnected

20 micropores and said adjacent thermoplastic polymer

. particles being connected to eath other by a plurality
of fibrils consisting of said thermoplastic polymer.

9. A lam1nated structure further character1zed by _
' including the microporous sheet material of claim 8 and A
25 at least one other sheet material.

10, The microporous sheet material of claim 8 further
characterized by said thermoplastic polymer and said
compound being selected from the group consisting of

(a) pblypropylene with mineral oil, dioctylphthalate
30 or mineral spirits;

{(b) polyethylene with mineral oil or mineral spirits;
(c) polyprbpylene—polyethylene copolymer with mineral
oil;
(d) polyethylene terephthalate with diethyiphthalate:
35 (e) polycaprolactam with triethylene glycol;




The 30: 70 bl end—of—hi-gh—densi-ty—pol yethylene having a density-of .0.955..and.. .

amelt fTow i n Em lmllﬂll | abl e 30 under the trade designation
"Arco" 8590): l ! ﬂnm ') was nelt mxed in the ex o
254[ err] C. and €a U om 16 cmby 0.06 cmslit of thgtgggtéh@dl e
at a nelt tenperature of 271[err]C |1n£3quench wat er mai nt ai ned at
54[err] C. and collected at the rate of =762 neters per mnute. 35 The

resul tant transphl enpolyvimydddeaehédunintide otidnalitbmtyl -phithalla 5629
(g) polybutylene terephthalate with diethylphthalate;
and ;

(h) polyester copolymer with dioctylphthalate.

‘5 1ll. A microporous sheet material made according to the
process of claim 5 characterized by comprising
crystallizable thermoplastic polymer, said m1croporous
sheet having an internal structure characterized by a
multiplicity of spaced, randomly disposed, noqhunlform

10 shaped, equiaxed, non-porous particles of said
thermoplastic polymer, adjacent partlcles throughout
said sheet being separated from one another to provide
said sheet with a network of interconnected micropores
and being connected to each other by a plurality of

15 fibrils consisting of said thermoplastic polymer.

12. A laminated structure furthet characterized by
including the microporous sheet of claim 18 and at
least one other sheet material.

13. The method of claims 1 and 4 further characterized by
20 including the additional step of imbibing the
microporous sheet material with an imbibing material.

14. The method of.claims 1 and 4 further characterized by
including the additional step of coating the resultant
microporous sheet material. -

\'
This Sheet 4
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v e

f.etched -35% 1 mthe achine — ————=-
' ‘@sul= tant stretched nicroporous

| mhad a porosity of 4.8 seconds. EXAMPLE 22 5 A 60:30 0 d

| yvi nyl i dene fluoride (having a den- sity of 1.75 g/cc and being

ail abl e from Pennwal t Chem cal s Cbnpqzﬁ under the trade designation
‘IKynar" 740) and di butyl phthal ate wa t mxed in a twn screw extruder

he.nm

of 250[err]C. and cast froma 0.06 cmby 15.24 cmslit 10 260[err]C
sheeting die into a 32[err] water bath to produce a fil mwhich was
¢pllected at the rate of 7.62 neters per mnute. The resultant transparent
f

| mwas washed with 1,1,1-trichioroethane, biaxially stretched 10%in each
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- Gir-eet-i, OR-- aRt—-ts—ai—perest-ty—fotnd—to-he-1-099--15 -seconds—Fhe-mot-sture
vapor transm ssion was found to be 25% -22- Jerr] -23-

01 05629 [err] | 0105629
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It blending to forma solution of 30 to 80 parts by weight of
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pghpound becones i nmiscible with said thernmoplas- tic pol ynejl HepLAREMENT SHEET
on to occur 20 bet ween sai d conpoupnd and sai d

pol yner thereby to. provide a sheet conprising an aggregate of gumdi 88..

ase separati
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(d) orienting
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d conmpound with adjacent thernoplastic polynmer 25
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erconnec cropores there
insufficient for eliminating the necessity of landing

tapes. In addition, since the use of the radical
genefator makes melt flow properties of the molded
resin composition different from those of the
composition before molding, it is difficult to recycle
inevitably produced discarded pieces in the course of
the production, resulting in reduced productivity.

Further, Japanese Patent Application Laid-open 5-
38011 (correspondiﬁg to USP 4,539,256) discloses a
microporous sheet obtained by a process comprising
melt-blending a specific crystallizable polymer and a
specific compound miscible with that polymer, molding
the mixture into a sheet, causing phase separation to
occur during a cooling step, and stretching the
resulting sheet.

Although the microporous sheet disclosed has two

or three times as high strength as a sheet obtained by .

the conventional process (a molten mixture of a
polyolefin and an inorganic filler is molded into a
sheet followed by stretching), the strength still does
not reach a sufficient level for making landing tapes
needless. According to the present inventors' study,
a porous sheet withstanding removal of a fastening

tape

nd to



permanent |y attenuate the thernoplastic polyneric hateriali. nﬁﬁuﬂo&ﬂ@ﬂTsﬂEET.

continuity to formfibrils. 2. The:ethod of claim 1 furtherjcharacterjze

by said orienting being biaxial orienting. 01 05629 3. %@13@ S’é

claim1l further characterized by said orienting providing a [ :

in said sheet of fromabout 10 to about 1,000 percent of the original

Lonath of said gieed 255 oh1s THEgRE"Y 61oS3 2 Thd B IopAYAS! O 20
exhibits high crystallinity and improved rigidity. 1If

P is less than 0.015 log MI + 0.955, the polypropylene
has reduced rigidity so that the porous sheet may have
to 'ﬂave a large thickness for assuring rigidity
necessary as a back sheet, which leads to an increase
of cost.

The MI of the polypropylene preferably ranges
from 0.03 to 2.0 g/10 min.

If the MI is less than 0.03, the molten polymer
needs increased power in granulation or molding
because of its poor fluidity, which is not only
uneconomical but hinders speeding up of production.
If it exceeds 2.0, the molten resin has reduced
tension. It follows that, for example, a tubular film
of the polypropylene is hard to lift in blown film
extrusion, and sheeting becomes instable.

The polypropylene satisfying the above
relationship can be prepared by, for example, the
process disclosed in Japanese Patent Publication 64-
5051, p. 7, coL. 13, 1.44 to p. 8, col. 15, 1.9.

The compound which is used in the porous sheet is
a cbmpound with which said cystalline polyolefin is
miscible and in which said crystalline polyolefin will

dissolve at above the melting point of said crystal-

10




in i d' g-thE"dafff——dr_—fgi of renpbving said c ou 5. {The hod of
1:|n§u lr:1 Ilnfu iﬁ&l\l\lfmﬁﬁﬂﬁﬁeg by i ncl uding the gd Etigﬂgﬁéh p“‘tﬁrzw‘“‘ Ve~
di ' ﬂ““ ' Bbi | i zi ng sai d sheet -by/ heatjng t 9
shgg??laﬂﬁle i€ i% rtstfained, to g heat stabilizing Q@%@tﬁ?dsg??gig?fﬁﬁ 5.
I i € _ -
ee&“Eéc%.s :]25? Y
b -

mpThod of clainms 1, 3, 47and 5 furthéﬁ_@ﬁataéféfrijg;\

afiditional step of 15 lam nating—said mcro . e

speet. 7. The nethod of claim1l further Eggggfterlzed by said t! IGRYCc
ppl ymer and sai d conpound bei ng selecteﬁ t he group consi sting of

l. A method of making a microporous sheet, characterized
by including the following steps:
(a) melt blending to form a solution of 30 to 80
parts by weight of a cryétallizable thermoplastic
5 polymer with correspondingly 70 to 20 parts by
weight of a compound with which said thermo-
plastic polymer is miscible and in which said
thermoplastic polymer will dissolve at the
melting temperature of said thermoplistic polymer
10 _ but which is immiscible below the melting
temperature of said thermoplastic pol§mer and
from which said.thermoplastic polymer will phase : -
separate on cooling to a températqre below the €4
melting temperature of said thermoplastic
15 polymer;
- (b) forming a sheet of the melt blended solution; .
(c) cooling said sheet to a témperature at which said
compound becomes immiscible with said thermoplas-
tic polymer to cause phase separation to occur
20 between said compound and said polymer thereby to
provide a sheet comﬁrising an aggregate of a
first phase comprising particles of said thermo-
plastic polymer in a second phase comprising said
- compound with adjacent thermoplastic polymer

j

25 particles being distinct but having a plurality €.
. of zones of continuity; and -
(d) - orienting-said sheet at least in one direction to

separate adjacent particles of thermoplastic
polymer from one another to provide a network of
30 interconnected micropores therebetween and to

permanently attenuate the thermoplastic polymeric
material in said zones of continuity to form fibrils.

2. The method of claim 1 further characterized by said

orienting being biaxial orienting.
? g * g This is the replacement sheet
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(a)

pol ypropyl ene with. ninerel oiI di octyl pht hal ate 20 or

,! mml,t" ”ﬂmpyl ene pol yet hyl ene copol yner with nineral- oil;
y te with diethyl phthal ate; 25 (e).

pol yethylene with mneral oil or

~-potycaprot actamw t h trlet ylene gl'ycae, ) polyV|nyI|dene fI"uori de Wi fH

(g) pol ybutyl ene terepht hal ate with di eta)ql Brg gﬂgt e;

pol yester copol yner with dioctyl pht hal:ate.

The method of claim 1 further characterized by said
orienting providing a length increase in said sheet of
from about 10 to about 1,000 percent of the original
length of said sheet.

The method of claim 1 further characterized by
including the additional step of removing said
compound.

The method of claim 1 further characterized by
including the additional step of dimenSLOnal&y
stabilizing said sheet by heating the oriented sheet,
while it is restrained, to a heat stabilizing
temperature.

The method of claims 1, 3, 4 and 5 further
characterized by including the additional step of
laminating said microporous sheet to a second sheet.

The method of claim 'l further characterized by said
thermoplastic polymer and said compound being selected E
from the group consisting of .

(a)

(b)

(c)

" (d)

m ner al sm
m neral sp
(d) polyeth
. di butyl phthal ate;
and (h)
: 3.
5 4.
5.
10
- 6.
15
7.
20
25

(e)
(£)
(g)

(h)

polypropylene with mineral oil, dioctyiphthalate
or mineral spirits: ' -

polyethylene with mineral oil or mineral spirits;
polypropylene-polyethylene copolymer with mineral
oil:

polyethylene terephthalate with diethylphthalate;
polycaprolactam with triethylene glycol;
polyvinylidene fluoride with dibutyl phthalate;
polybutyiene terephthalate with diethylphthalate;
and , .
polyester cocpolymer with dioctylphthalate.

This is the reptacement sheet

nater 09 JUN 1997
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‘This'is the repl acenent sheet 27 - This is the replacBhentghedt. A
.m cr oporous—sheet—rmaterial nmade according to the process of claiml

char act i.ng about 30 to 80 parts by wei ght of "
crystal j“giﬁmtinmmgst i polyrer -and Raler {ﬁg Uggm'}about-—'fo—t‘o—‘ze\ﬁ_
parts of a conmpound.w th whi ch sal therrmséq\/élé %)I ymer

S mscible and in which said thernopta®Ti€ polynmer will dis \3 o
nel ting tenperature of said thernoplastic pol ynmer but with which said

f her mopl astic polynmer is inmscible below said nelting 10 - tenperature

and from whi chgsai g hlierdpRiraaki shBetYMBlierial made according to the
process of claim 1 characterized by comprising about 30
to 80 parts by weight of crystallizable thermoplastic
polymer and-cdrrespondingly about 70 to 20 parts by

5 weight of a compound with which said thermoplast1c
polymer is miscible and in which said thermoplastlc
. polymer will dissolve at the melting temperature of

said thermoplastic polymer but with which said
thermoplastic polymer is immiscible below said melting

10 'temperature and from which said thermoplast%c polymer.
will phase separate on cooling to a temperature below
said melting temperature of said thermoplastic polymer,
said microporous sheet having an internal. structure
characterized by a multiplicity of spaced, randomly

15 dispersed, non-uniform shaped, equiaxed, non-porous

particles of said thermoplastic poiymer coated with -
said compdund, adjacent coated particles throughout
said sheet being separated from one another to
provide said éheet with a network of interconnected
20 micropores and said adjacent thermoplastic polymer
. particles being connected to eath other by a plurality
of fibrils consisting of said thermoplastic polymer.

9, A lamipated structure further characterized by .
including the microporous sheet material of claim 8 and L
25 at least one other sheet material.

10. The microporous sheet material of claim 8 further
characterized by said thermoplastic polymer and séid
compound being selected from the gréup,consisting of
(a2} polypropylene with mineral oil, dioctylphthalate

30 ' or mineral spirits; .
| {(b) polyethylene with mineral oil or mineral spirits:
{c) polyprbpy1ene-polyethy1ene copolymer with mineral
oil;
(d) 'polyethylene terephthalate with diethylphthalate;
35 (e) polycaprolactam with triethylene glycol;




LR
) g L]
2 .

Wil phase separate on cooling to a tenperature bel ow said nelting

plasti-e pot yfrer,<-sar ¢ -ni-cr oporous” sheet "havi'nhg an -
. nternal jmum“m]“mll‘lHWGrl zed by a multiplicity of spaced, randonly 15
di sper sed,* non- &ni form shaped, equi axed, non-porous parti cl@1 05629 -

t her nopl astic polymer coated with said conpound “adj acent coated particles
*t hroughout said sheet belng separ at ed _2Bom one another to provide said

sheet with a n |nt ec, e

adj acent therng PO Yﬁ&ﬂ? :a%ﬂ#tééﬁi 1%%|ﬁbt%ghgégggé ?o g§%§@8fher by a
plurality of f(bblIpodgmubﬂmeny(ﬁenﬁphthabahapWathidipbhyhphthalaae;

| am nat ed structureakgrther characteri zed by

(h) polyester copolymer with dioctylphthalate.

‘5 11. A microporous sheet material made according to the
process of claim S5 characterized by comprising
crystallizable thermoplastic polymer, said mjcropo:ous
sheet having an internal structure characterized by a
multiplicity of spaced, randomly disposed, nor~uniform

10 shaped, equiaxed, non—-porous particles of said
thermoplastlc polymer, adjacent partlcles throughout
said sheet being separated from one another to provide
said sheet with a network of interconnected micropores
and being connected to each other by a plurality of

15 fibrils consisting of said thermoplastic polymer.

12. A laminated structure furthetr characterized by
including the microporous sheet of claim 18 and at
least one other sheet material.

13. The method of claims 1 and 4 further_characterized by
20 including the additional step of imbibing the
microporous sheet material with an imbibing material.

14, The method of.claims 1 énd 4 further characterized by
including the additional step of coating the resultant
microporous sheet material. i

This is the replacement sheet

58 JUN 1991
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|ncfud|ng t he n1croporous sheet material of claim8 a ea

one ot her sheet material. 10. The m croporous sheet”uﬂ!HwJelu" I!Mm

further characterized by said thernopl astic pol yner d belng
selected fromthe group consisting of (a) polypropylene with mneral oi

g-ect yl phtirat-ate-36—— oTTrTE §1 —SpiTits; (b)) poryernhyrene mnrﬂ‘~—~———
mneral oil or mneral spirits; (c) r opyl ene- pol yet hyl ene coEfIyner

pMth mineral oil; (d) polyethylene ter gstgglate W th dlethylpﬂt 562 B5
e) polycaprolactamw th triethyl ene §

l. A method of making a microporous sheet, characterized *
by including the follawing steps:
(a) melt blending to form a solution of 30 to 80
parts by weight of a crystallizable thermoplastic
5 polymer with correspondingly 70 to 206 parts by
weight of a compound with which said thermo-
plastic polymer is miscible an@_in which said
thermoplastic polymer will dissolve at the
melting temperature of said thermoplastic polymer
10 but which is immiscible below the melting
temperature of said thermoplastic polymer and
from which said thermoplastic polymer will phase
separate on cooling to a temperature below the
melting temperature of said thermoplastic
15 polymer;
- (b) forming a sheet of the melt blended solution; .’

(e

- -~

(c) cooling said sheet to a témperature at which said
compound becomes immiscible with said thermoplas-
tic polymer to cause phase separation to occur

20 between said compound and said polymer thereby to
provide a sheet comprising an aggregate of a
first phase comprising particles of said thermo-
plastic polymer in a second phase comprising said
compound with adjacent thermoplastic polymer

25 particles being distinct but having a plurality é;

_ of zones of continuity: and -

(d) - dsigg;ing—said sheet at least in one direction to

: separate adjacent particles of thermoplastic
polymer from one another to provide a network of

30 interconnected micropores therebetween and to
permanently attenuate the thermoplastic polymeric
material in said zones of continuity to form fibrils.

2. The method of claim 1 further characterized by said
or1ent1ng being biaxial orienting.

Th:s is the replacement sheet
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het ei h sai d pol ypropyl ene has an isotactic. pendant conte and a nelt
I ndex (M) satisfying the rela- tionship: 1.00 > P > 0. ﬂﬁg”mugm
3, The absorbent article as claimed in claim1, whereirs L S
~at least one conpound selected fromthe group consisting of a mineral oil,
-a—synthetie-ubricating—ort: dioctyl—phghal ate;- direthyl™ "phthalate,” ™ ~ 7~
triethylene glycol, di butyl phthalate,” and an ester of phth?kic aci d,
trinellitic acid, pyronellitic acid or an aliphatic pol ybasi o 5629

.

3. The method of claim 1 further characterized by said
orienting providing a length increase in said sheet of
from about 10 to about 1,000 percent of the original
length of said sheet.

5 4. The method of claim 1 further characterized by
including the additional step of removing said
compound.

5. The method of claim 1 further characterized by '

;‘- including the additional step of dimensionally
~ 10 stabilizing said sheet by heating the oriented sheet,
while it is restrained, to a heat stabilizing
temperature.
- 6. The method of claims 1, 3, 4 and 5 further
characterized by including the additional step of
15 laminating said microporous sheet to a second sheet.
7. The method of claim 1 further characterized by said
thermoplastic polymer and said compound being selected
from the group consisting of .
 J {a) polypropylene with mineral oil, dioctylphthalate
(7 20 ) or mineral spirits: .-

(b) polyethylene with mineral oil or mineral spirits;
(c) polypropylene—polyethylene copolymer with mineral

oil; _ X
" (d) polyethylene terephthalate with diethylphthalate;
25 (e) polycaprolactam with triethylene glycol;

(f) polyvinylidene fluoride with dibutyl phthalate;
(g) polybutyiene'terephthalate with diethylphthalate;
and . : )

(h) polyester ccpolymer with dioctylphthalate.

This is the replacement sheet

Date: 21 JuL 1997



carboxylic acid and an al kyl al cohol . 4. Tl?ﬁlsqg%é P@ﬁl&c&ﬁ%ﬁt%h@e@s cl ai med

in claiml, wherein said porous sheet had a noisture perneability of 0.5 to
4.0 g/100 cnferr].hr. 28
Date: ?
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8. A microporous sheet material made according.to the
process of claim 1 characterized by comprising about 30
to 80 parts by weight of crystallizable thermoplastic
polymer and-correspondingly about 70 to 20 parts by

5 weight of a compound with which said thermoplastié
polymer is miscible and in which said thermdplastic
. polymer will dissolve at the melting temperature of
said thermoplastic polymer but with which said
thermoplastic polymer is immiscible below said melting
10 temperature and from which said thermoplast?c polymer.

(@

will phase separate on cooling to a temperature below
i said melting temperature of said thermoplastic polymer,
said microporous sheet having an internal. structure
characterized by a multiplicity of spaced, randomly
15 dispersed, non-uniform shaped, equiaxed, non-porous
particles Bf said thermoplastic poiymer coated with -
said compound, adjacent coated partlcles throughout
said sheet being separated from one another to
provide said sheet with a network of interconnected
. ' 20 micropores and said adjacent thermoplastic polymer
) . particles being connected to each other by a plurality
of fibrils consisting of said thermoplastic polymer.

(e

9. A lamlnated structure further characterized by
1nc1ud1ng the microporous sheet material of claim 8 and A
25 at least one other sheet material.

10. The microporous sheet material of claim 8 further
characterized by said thermoplastic polymer and said
compound being selected from the grdup consisting of
(a) polypropylene with mineral oil, dioctylphthalate

30 or mineral spirits; ‘
(b) polyethylene with mineral oil or mineral spirits;
{c) polyprbpylene-polyéthylene copolymer with mineral
oil; '
(d) polyethylene terephthalate with diethylphthalate;
35 (e) polycaprolactam with triethylene glycol;
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(f) poly@inylidene fluoride with dibutyl phthalate;

(g) polybutylene terephthalate with diethylphthalate;
and o

(h) polyester copolymer with dioctylphthalate.

‘5 11. A microporous sheet material made according to the
process of claim 5 characterized by comprising
crystallizable thermoplastic polymer, said micropo:ous
sheet haviné an internal structure characterized by a
multiplicity of spaced, randomly disposed, non~uniform

10 shaped, equiaxed, non-porous particles of said
thermoplastic polymer, adjacent particles throughout
said sheet being separated from one‘énother to provide
said sheet with a network of interconnected micropores
and being connected to each other by a plurality of

15 fibrils consisting of said thermoplastic polymer.

12. A laminated structure further characterized by
including the microporous sheet of claim 18 and at
least one other sheet material.

13. The method of claims 1 and 4 further characterized by
20 including the additional step of imbibing_the
microporous sheet material with an imbibing material.

14. The method of.claims 1 and 4 further characterized by
including the additional step of coating the resultant

microporous sheet material.

L
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an inorganic filler is molded into a shéet followed by
étretching), sﬁch a degree of improvement is still
insufficient for eliminating the necessity of landing
tapes. In addition, since the use of the radical
generator makes melt flow properties of the molded
resin coﬁposition different from those of the composi-
tion before molding, it is difficult to recycle inevi-
tably produced discarded pieces in the course of the
production, resulting in reduced productivity.

Further, Japanese Patent Application Laid-open
5-38011 (corresponding to USP 4,539,256) discloses a
microporous sheet obtained by a process comprising
melt-bending a specific crystallizable polymer and a
specific compound miscible with that polymer, molding
the mixture into a sheet, causing phase separation to
occur during a cooling step, and stretching the
resulting sheeting.

Although the microporous sheet disclosed has two
or three times as high strength as a sheet obtained by
the conventional process (a molten mixture of a
polyolefin and an inorganic filler is molded into a
sheet followed by stretching), the strength still does
not reach a sufficient level for making landing tapes
needless. According to the present inventors' study,a

porous sheet withstanding removal of a fastening tape

This is the replacement sheet

Dales 31 JuL 87



herein said polypropylene has an isotactic pendant
content (P) and a melt index (MI) satisfying the rela-
tionship:

1.00 > P > 0.015 Iog MI + 0.955

3. The absorbent article as claimed in claim 1,
wherein said compound is ét least one compound
selected from the'group consisting of a mineral oil,
a synthetic 1lubricating oil, dioctyl phthalate,
diethyl phthalate, triethylene glycol, dibutyl
phthalate, and an ester of phthalic écid, trimellitic
acid, pyromellitic acid 52; an aliphatic polybasic

carboxylic acid and an alkyl alcohol.

4. The ébsorbent article as claimed in claim 1,
wherein said porous sheet had a moisture permeability

of 0.5 to 4.0 g/100 cm?- hr.

| This is the replacement sheet
—_— |
- This Sheet Has

LT I



herein said poiy'propylene has an isbtactic pendant
content (P) and a melt index (MI) satisfying the rela-
tionship:

1.00 > P > 0.015 log MI + 0.955

3. The absorbent article as claimed in claim 1,
wherein said compound ' is at least one comf)ound
selected from the group consisting of a mineral oil,
a synthetic 1lubricating oil, dioctyl phthalate,
diethyl pht;halate, triethylene glycol, dibutyl
phthalate, and an ester of phthal:':c acid, trimellitic

acid, pyromellitic acid or an aliphatic polybasic

carboxylic acid and an alkyl alcohol.

4, The absorbent article as claimed in claim 1,
wherein said porous sheet had a moisture permeability

of 0.5 to 4.0 g/100 cm2- hr.
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