BOCKET NO. 46637PCT9A O L, WATER AND SWEAT REPELLENT M CRODCRCéﬁgsl\ﬂEI\%RANE
MATERI ALS 5 This invention pertains to ol eophobic, water'®repgéttient,
poi sture vapor perneabl e, heat seal able m croporous nenbrane materials.
BACKGROUND of the | NVENTION Liquid repel { ent, vapor perneable m croporous
materials that repel 10 water, oil, and other |ow surface tension fluids

have utility for exanple, as fabrics for mterprgﬁqﬁﬂ?lézﬁémﬁélts, as

breathable liners for glaoves_and clothes. as hreal ngs

di apers and disposabl e pOIEudYATERAND SWEATREPELLENE s for bi ol ogi cal

i ndi cators. The val ue oMICRROPOROES MEMBRANE MATERIABSi ity to repel a
w de range of fluids while permtting the rapid transfer 15 of water vapor

through the material. Commercially available fabrics which have been
treated wi 5h hydr ophislinention perznoto plebpirobid, svatert repélient moistureasapor| i cone or

fl uorocar bongrgfd.’gabfg e&z&gfragfe‘%gﬁ:%g&stamﬁpéi erfah&i d repellent but

noi sture vap pernea own ese materials can provide
adequat e repell ency 20 properties along with good noi sture vapor

transm ssi on BXCRGROEND b'flied INVERIFTON Y i s variable as some of the
barrier treatnents,. tl r on _m crppaor ous substrat.e are,subject to
failure if rubbed,L’ﬂﬁ@ém%?e"g’ﬂ%&’éae%qeaéféﬁgm@éo%dﬂ?tgg?légh%IIeReIlexed.
Addi ti onallly watéreel, ant ethemlow syrface aedsjondfiuide hawehugility forgexampte, rast ent i on of
their repell ¢ines RoPRafepBSt gzﬂnfl fs%ﬂtteﬁl&p&s' ﬁ@&th%d]é liﬁ&s%ﬁgﬁvw%}ﬂ are

exposed to perspiratjon resuna because the barrier treatpents are
readily cont Sities atbmathableackings far dianersianck dispgsable pgpduckio and a3 94 041
(Gore et al. protectivepoess fonbiokgical imdicatorbeThefvahat sfithesewhatealsidiss i be

Ceak wient oleLA oYY W, rafe SOHHE Wil BhhBRle A oy Tane) 2010 "
article f& ofwates vapercthroughfthgmatenals or tents conprising at |east two

llayers: an interi ofomfRRGAIRMAANabIY FatHRAI Which haVeChech irtatelimigh | Y al | ons water
vapor to dif ort of .surface active

agents and cw&rgﬂf“ﬂﬁé ﬁhgfdgﬁggp r_eye’gégﬁ‘t’lggu‘tf*aggéﬁﬁ%%ﬂr flHoroEtoBR 1 at i on,
and i s subst ailt bardsinsrtogensdearthe fabrips @aklirepeliont beenofsturevvadorl pegmeablevat er |
and a are well known. While these materials can provide adequate repellency
20 properties along with good moisture vapor transmission properties, their
durability is variable as some of the barrier treatments, particularly on
microporous substrates, are subject to failure if rubbed, touched, abraded or
otherwise contacted or flexed. Additionally, these materials typically do not
show long term retention of their repellency properties in garment applications
25 where they are exposed to perspiration, presumably because the barrier
treatments are readily contaminated by perspiration residues.

U.S. Pat. No. 4,194,041 (Gore et al.) is representative of a number of
patents which describe coatings or laminates purported to provide waterproof
articles which do not leak when touched and are breathable. This patent

30 describes a layered article for use in waterproof garments or tents comprising at
least two layers: an interior, continuous hydrophilic layer that readily allows
water vapor to diffuse therethrough, prevents the transport of surface active
agents and contaminating substances such as those found in perspiration, and is
substantially resistant to pressure induced flow of liquid water, and a

35 hydrophobic layer that permits the transmission of water vapor and provides
thermal insulating properties even when exposed to rain. The hydrophobic
layer is preferably waterproof microporous tetrafluoroethylene (PTFE) or
polypropylene, which permits the passage of moisture vapor through the pores




s hydr ophobi ¢ | ayer that permts the transm ssion of water vapor and
provi des thermal insulating properties even when exposed to rain. The

khydr ophobi c | ayer is preferably waterproof mcroporous tetrafl uoroethyl ene
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permtting noisture r'afiSm’ssi her rou r| ng the sheet
materi al br eat3p@pPermephle wtary feet material compsing ¢ mt@pr@saqurqmcd

conposi ti off CaRmix lﬁivﬂ% s BorfpRdRg bblﬁldﬁ@ﬁ@f)&sﬁge@éxﬁh%grtﬁ% hhgreof to
es of the matri e. conversi 6n fhereof to

Soi 1 hydr Zgﬁ&hfcﬁ%weﬂpsvingwwﬁe OhRSHe Siitace 2p<seh (4R PRraBeS BRO%o ¢ he
probl-ens knovsufficiedthefibed with a moisture vapor permeable, water impermeable,
hydrophilic material to prevent the passage of water and other liquids through
the unitary sheet material while readily permitting moisture vapor transmission
20 therethrough rendering the sheet material breathable. The unitary sheet is made
by causing a liquid composition comprising the hydrophilic material or
precursor thereof to flow into the pores of the matrix, then causing the
conversion thereof to solid hydrophilic material.
While these materials alleviate some of the problems known to the art,
25 many require lamination to protect the water repellent, moisture vapor
permeable material they use in their constructions while others require void
filling which can lower the moisture vapor transmission rate of the material and
decrease its ability to heat seal. Joining of multiple pieces of these materials in
a three dimensional garment presents additional problems in that most of these
30 materials are not readily joined together by any means other than sewing which
creates needle holes that must be subsequently sealed with seaming tapes or
alternative filling techniques to provide a totally waterproof garment. Also, due
to the dense nature of the hydrophilic layer, many of these materials are
minimally permeable to air.
35 U.S. Pat. No. 5,025,052 (Crater et al.) describes fluorochemical
oxazolidinone compositions and their use for oil and water repellency in films,
fibers, and non-woven webs.



25 many require |lanination to protect the water repellent, noisture vapor
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phase 10 separation of a crystaglj Ph h f polyner and a conpatible
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heat sea]able, microporous membrane material comprising a crystallizable oleﬁn
polymer, a processing compound which is miscible with the olefin polymer at
the polymer’s melting point but phase separates on cooling to or below the
crystallization temperature of the polymer, and a fluorochemical oil and water

20 repellent compound which is generally solid at room temperature, preferably a
fluorochemical oxazolidinone compound, said material being oriented in at least
one direction.

The microporous membrane materials of the present invention retain

their liquid repeliency and moisturé vapor permeability properties for extended

25 periods even in garment applications which expose the membrane materials to
perspiration residues which are known to often contaminate and ultimately
destroy repellency properties of most conventional fluid repellent, moisture
vapor permeable materials. Surprisingly, the materials of the invention retain
this contamination resistance to perspiration despite the presence of an

30 oleophilic processing compound. Further, the microporous membrane materials
useful in the invention repel mineral oil even when they contain mineral oil.
The microporous membrane materials of the present invention also possess
excellent hand, drape and heat sealability.

35 DETAILED DESCRIPTION

The liquid repellent, moisture vapor and air permeable, microporous
membrane materials of the present invention repel aqueous based liquids
including a variety of other liquids such as perspiration which contains oil-based



Sol ymer, a processing conpound which is mscible with the olefin polyner at
the polyner's nelting point but phase separates on cooling to or below the
grystallization tenperature of the polyner, and a fluorochem cal oil and
wat er 20 repell ent compound which is generally solid at roomtenperature,
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per spiration contaskination: by p@rswratmbarss;dhes whidh reduop emd nltisnately destenyethe
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resulting fr o:mrabl ity of their fluid repellency properties when subjected to rubbing,
touching, folding, flexing or abrasive contacts. The microporous membrane
materials of the present invention also display oleophobic properties, resisting
penetration by oils and greases and they are heat sealable. The oleophobicity
20 and heat sealing properties of the membrane materials are most surprising in
that the membrane materials contain an oily, oleophilic processing compound
which, a priori, one would expect, would promote wetting by other oleophilic
materials and which also would inhibit heat sealing.
Transport of a liquid challenge through most porous materials or fabrics
25 occurs because the liquid is able to wet the material. A possible route through
the material is for the liquid to initially wet the surface of the material and to
subsequently enter the pore openings at the surface of the material followed by
a progressive wetting of and travel through the interconnected pores until
finally reaching the opposite surface of the material. If the liquid has difficulty
30 wetting the material, liquid penetration into and through the material will, for
the most part, be reduced. A similar phenomena occurs in the pores, where
reduced wetability, in turn, reduces pore invasion. Generally the greater the
numerical difference between the liquid surface tension of the liquid and the
surface energy of the porous material (the latter being lower), the less likely the
35 liquid will wet the porous material.
In the present invention, the addition of a fluorochemical to the
oleophilic microporous membrane is believed to reduce the surface energy of
the membrane despite the presence of the generally oleophilic processing
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perspiration through the garnent at a rate sufficient to maintain the skin
of the wearer in a reasonably dry state under nornmal use conditions. The 10
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the repellency properties of the materiad - The nenbrane materials of the

present invention can_be used in garnent applications w_thout a protective
overl ayer, sgempaund Aherebpihe npemerica) differencedgieees dhe syigace egergy of the The

rr}ciﬁp_or o]yls _mﬁmd ramf?:maﬂersiuefaée @;ibh%&ﬁhﬂmg% _1i'qm1d§r£§ imfeaml;g{vhhtmeﬂur aﬁ! lity
0 eir uid repel l.epc roperties ep_subjected to Ju n ouchi ng,
fol ding. f1etrRgigpulbal raREiononi mehns Shidioiie,h8 ToRmhenical iy ori al s
of the presewieophotiotdespiteahe preersel af\the pexpssirty) componpdr t i es, resisting
penetratiog by oil he €.:. The

ol eophobi c?ty 20 a?]“d@ﬁ%ﬁ?ﬁ"g’zﬁﬁﬁ%@@?@%bﬁﬁ%‘?erﬁﬁ{’%@@e@@%ﬁé materials are
nost sur pri siPRgneaple, theat seplablep MHeronerows membrare materialspfahe prasgnt ol eophilic
processi ng cenRatiog cM\’ﬂEﬁ&b a PoRiriePici micRPROrIUUhEmBrane GhvinpaUhstriR'gFmot €
wetting by other oleophilic.nmaterials ancl r\ﬁﬁn ch_al so lgl?lénh it heat
sealing. Tr aﬁgﬁar?"wgg‘gmoaﬂmﬂ%rpgﬁﬁag?fg@‘? %&ﬁo?ﬁi‘s@%f" Sﬂ-’tl rials or
fabrics 25 owmhrandashopsningiatd theuipgosite supfaces of the tmanthrammt dheal . A
possi bl e fQu Qe tRL | ' I | CHA AT wet the
sur face 011 9t elﬁﬂkg erl afé g‘%ﬁﬁ?éﬁélﬁ'@?gﬁ%"&’? I%éfﬁelﬁ?ﬂeér%ltgnﬁogrﬂ gag&!elﬁ%dnzéls at the

surface of tRiazeagdinongwhicl) migrales i ap HF yyerdacs; therehy: lowaEn® theswiace avel
t hrough the enérgy ofniefice df piey fembiinelasfwelbas the vealslufnlie po@s dppesi t e

mater ol -1 QAP ey Gatlatfing i hYqrmPR i blorEHick b Hle, i8S %, o

nost part, baemidanseas well 3s merdering ithehmicroporous membranetmatenalralegphabisr e

reduced we$ abilityrpd Mnie rods%ﬁ%ﬁﬁ?%&d&ﬁ’%%h@?ms@ﬁ@ﬁ&éﬂﬁdﬂ daRGedr eat er
e | Surt ace

t he nunerical .difference between t | tension of the liquid
and the surf iloredhio hayegropiyee W&@gﬂﬂ?ﬁggm’ﬁte’l qumélfa‘lﬁ&i‘ﬁ’éh‘?"é\/\er), t he
less likely tdverséhy impapting théit wawe trepeliengies, bus itnisipeeferable torhavba present

vent s on B B el BRPEIRAISr, Lrc o! SoB L1 Crorcus
t he presencelegst T100eg/ihe4 ars. and imasp iprefexablyr  MEXER f at least 1000 g/m</24
20 hrs.

The term "water repellent” is used herein to describe microporous
membrane materials which are not water wettable and are capable of preventing
the passage of liquid water through the membrane material by capillary action
under varying ambient atmospheric conditions, including water impinging on

25 the surface of the membrane material.

"Moisture vapor permeable” is used herein to describe microporous
membrane materials which readily permit the passage of water vapor through
the fabric but which do not allow the passage of liquid water.

The term "hydrophobic” is used herein to describe microporous

30 membrane materials which are not wet by liquid water or aqueous body fluids
such as blood, saliva, perspiration and urine, and which are capable of repelling
and preventing the passage of liquid water through their structure.

The term "oleophobic” is used herein to describe microporous
membrane materials which are not wet by oils, greases or body fluids which

35 contain oily components such as perspiration, and are capable of preventing the
passage of oils and greases through their structure.
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-5- conpound. Thereby the nunerical difference between the surface energy
of the nmenbrane and the surface tension of challenge liquids is increased
with the overall result that the m croporous nmenbrane containing the
fl uorochem cal is ol eophobic despite the presence of the processing
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phase separation occurs between the compound and the polymer, thereby
creating a phase separated film comprising an aggregate of a first phase
comprising particles of crystalline olefin polymer in a second phase comprising

20 the processing compound and the fluorochemical oxazolidinone, with adjacent
olefin polymer particles being distinct but having a plurality of zones of
continuity; and (d) stretching the phase separated film in at least one direction
to separate adjacent particles of olefin polymer from one another to provide a
network of inter-connected micropores and to permanently attenuate the olefin

25 polymer in the zones of continuity to form fibrils. Optionally a nucleating
agent may also be added in step (a). Such methods are described, for example,
in U.S. Pat. No. 4,539,256 (Shipman), U.S. Pat. No. 4,726,989 (Mrozinski)
and U.S. Pat. No. 4,863,792 (Mrozinski).

Alternatively, as a subsequent dimension of this invention, if a large

30 weight percent of a generally solid fluorochemical composition, preferably a
fluorochemical oxazolidinone can be tolerated (i.e. >5% by weight), it is
possible to topically apply a fluorochemical composition to the microporous
membrane material through spray application or dip coating techniques.
Examples of membranes which contain the phase separating processing

35 compound that can be topically treated include crystalline polyolefin membranes
described, for example, in U.S. Pat. No. 4,539,256 (Shipman), U.S. Pat. No.
4,726,989 (Mrozinski), U.S. Pat. No. 4,863,792 (Mrozinski) and U.S. Pat.
No. 4,824,718 (Hwang). Further, these fluorochemical compositions can be
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30 nenbrane materials which are not wet by |liquid water or aqueous body
fluids such as blood, saliva, perspiration and urine, and which are capable
of repelling and preventing the passage of liquid water through their
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fluorochem C&Jtal?(%ﬁﬁbhﬁheﬂ%}%aéeb ftﬁé 6&35% bé Jn‘arﬂnh*'tﬁe”e” bl ended

m xture; (c) erat hase separation
occurs bet m@HO@ﬁfée!%s Bh‘{;ﬂ‘ﬁf'et h e;ss@mw 9&&9%3} %%maﬁ&csrl tbhase
separated fi paymrrpamelasgvlwne Hene sgatmtmfuum ¢fi palymanfrom enenparticle ng

particles 5)f RIS E&JL&@?PEA%%I lﬂo ey S df’l:oﬂm?\ﬁ(f}p”d phase conprising 20 the

processi ng conpoun enm cal “oxazal'i di none, with adjacent
ol efin polyner par@n stresehing, thg poiymernparticies aneplled aparp paraanenflyof zones of

attenuating the polymer in zones of continuity, thereby forming the fibrils and
creating minute voids between coated particles which results in a network of
interconnected micropores. Such permanent attenuation also renders the article

20 permanently translucent. On stretching, the processing compound and the
fluorochemical oxazolidinone remain coated on or substantially surrounding the
surfaces of the resultant fibril/particle matrix. The degree of coating depends
on several factors, including, but not limited to, the affinity of the compound
and the fluorochemical oxazolidinone for the surface of the polymer particle,

25 whether the compound is liquid or solid, and whether stretching dislodges or
disrupts the coating. After the stretching operation, substantially all of the
particles appear to be connected by fibrils and are usually at least partially
coated. The size of the micropores is easily controlled by varying the degree of
stretching, the amount of processing compound employed, melt-quench

30 conditions, and heat stabilization procedures. For the most part, the fibrils do
not appear to be broken by stretching, but they are permanently stretched
beyond their elastic limit so that they do not elastically recover to their original
position when the stretching force is released. As used herein, "stretching”
means such stretching beyond the elastic limit so as to introduce permanent set

35 or elongation to the microporous membrane material.

Preferably, the melting and crystallization temperature of an olefin
polymer, in the presence of a processing compound, is influenced by both an
equilibrium and a dynamic effect. At equilibrium between liquid and crystalline
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continuity; and (d) stretching the phase separated filmin at |east one
direction to separate adjacent particles of olefin polynmer fromone anot her
t:0 provi de a network of inter-connected mcropores and to pernmanently
attenuate the olefin 25 polyner in the zgnes of continuity to formfibrils.
Optionally a nucleating agent nmay al so bg~added in step (a). Such nethods

are described, . for exanmple. i.n U S Pat. . 4 539 2 | n)., U S Pat.
No. 4,726, 98F°NPT:2 E?‘}Fg%‘i”?ymewgmrmaﬁ t%%%‘%%@%%%&’?@?@%ﬁﬁ
Al t er nat i vel yepeating ugiths ¢hpibya phiases rbei equalof Thétesnperatanetat ovhich this | ar ge 30
wei ght perce - | | ) pé\;ﬁ ey ferably
a fluor ochemwgg@hgﬁégt?ﬁlﬁg?ﬁ&%éé@g%&jﬁéehgg{egrﬁgl?g%%. e. H@& %/rpam%qegf‘f) , 1t s
possi bl e to tuppn ¢k Fampgsifion of the liguidcphase. c The prasprss afi odilueat,tde- A r opor ous
nerbr ane M8t girbakksihg) cOMBOUD iR thelitlid Eﬂéstﬂll(IE)w@t theChiginiday pbefitidligfues.
Exanpl es of qﬁnbr anes. Wi gh cont,ﬁisn ft e ﬂhase S@ arat i nrgﬂlgéOCESSJ %? 35
conpound t hat'''¢ BHYBET i Bak ahasy. ( Thergfare, aHowgnme B’@s‘?‘&i’? pLTSIBIE | n
menbr anes deseire-bstablishthe eardifidreof equilibriim,Pesultihg in ha8, knbén(aska pnan) ,
U S. Pat. No..4: 0 inski), U S. Pat. No. 4,863,792 (M ozinski)
and U. S. Pat meﬁ%gg%’%%%t%&?ﬁgﬁg) Furt her, these fluorochen cal
conposi tions can b&he crystallizaten temperatuspandamelting AmReratiTecaIs saryalentrat er i al s
such as stpetat B@dlipabm! qaé@éxievpmﬂintad};ﬁnﬁium cofitions! Yhichade dofhalp Whi ch do
not contain thegﬁr o&ll%s& Qﬁ .congound. hefﬂ‘&rasgt_i setgar ated fi Igs t&{)l cally
are solid andiaey He Y ailization temperatuze pag melting LmReafPre AF denepisite an
aggr egat e of oa the cedlinghmteamt hqating irate crespdctivélgf | Consedquently, the termsecond phase
of the processg| ang gt : ) X | g . The
particles rrayﬁi?,[e}glﬁgtgcgl E g‘gea;%gp% ] ,Syf!tlf%@gﬁgn agdgféé)gg‘t%gésd g#"ﬁg% e"rl’ul ites of
the ol ef i n péfs/itandeditq inchidsctbe savilibdumssieatohiha Professing siosmeERd el
oxazol i di n®nevelicashy idydarhiteeffeen6ftheahteestheRanig akd esoling0 Adj acent particles
of polyner are di it* nct. but they. have 3 ﬁl urzl | t%/ of 1 29nes oh continuity.
That is, the polyntr® BAFPPYPRY e aRaS of Sprasent Apyeplion frve g,
microporous structure characterized by a multiplicity of spaced, i.e., separated
from one another, randomly dispersed, non-uniform shaped, equiaxed particles
of olefin polymer connected by fibrils which are intimately surrounded by the
20 processing compound and the fluorochemical oxazolidinone. "Equiaxed" means
having approximately equal dimensions in all directions.
While the preferred form of the microporous membrane materials of the
present invention is a sheet or film form, other article shapes are contemplated
and may be formed. For example, the article may be in the form of a tube or
25 filament or hollow fiber. Other shapes which can be made according to the
disclosed process are also intended to be within the scope of the invention.
Nucleating agents as described in U.S. Pat. No. 4,726,989 (Mrozinski)
may also be used in the preparation of the microporous membrane materials of
the present invention. The use of nucleating agents provides various advantages
30 including lower polymer content and thus higher porosity of the finished article,
reduced polymer particle size resulting in more particles and fibrils per unit
volume, greater stretchability resulting in longer fibril length, and greatly
increased tensile strength of the material.
Crystallizable olefin polymers suitable for use in the preparation of
35 microporous membrane materials of the present invention are melt processable
under conventional processing conditions. That is, on heating, they will easily
soften and/or melt to permit processing in conventional equipment, such as an
extruder, to form a sheet, film, tube, filament or hollow fiber. Upon cooling




totally, surrounded or coated by the processing conmpound and the
fluorochem cal oxazolidi none. There are areas of contact between, adjacent
pol ymer particles where there is a conti nuum of polynmer fromone particle
to 15 the next adjacent particle in such zones of continuity. On
stretching, the polyner particles are pudted apart, pernmanently attenuating
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creating mi nuhe med; undepeonteniled co léﬂ'lspéwﬂbiﬂ pelymgrscipontasegusly fasma net wor k
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to, the af ;}ég(y o] «}qﬁorrpound and the fl uorochem cal oxazolidinone for

the surface of theEpamplaeef pemmersially agilabip suitable polyolefinpinghudei s | i quid or
solid, and whtfiRépys é:feebfd&k%{)dyﬁkgd&% ni&§6f~'&h?leﬁ@ﬁnd3 BRip e, OF Lor the

stretchl ng oper atlo Subst the

al.| éar to be
connect ed by RHCOPAYHSES, él" %9 yigge, Ipé’é)g’fo aé\% %&ﬁ@'ﬂ? The size of
t he m cropor empolgmﬁswhmhmbembécbdnwaﬁﬁbylmg mlim-.rdegr ee of stretching,

t he amount of proc caondi tions, and
heat st abi PI zat i on%?ég{égsdﬁl?'gm%gg“&{% 19%@%%45 f&uﬁg&#] g h éﬂgo not appear
to be broken cm;stﬁhuglecmlmyer umake, the rmceomeousan@nbnape maﬁ@’taéh@ﬂthbeyond t heir
el astic |'im tor&@nd ndéntidnGite %Qui&@for%ﬁ’d%tdvﬁiéh |aYe ﬁ&%l’@htst@r W(Ee' r original

t when th h
Patr et on nge“m‘i@&c SPE R R R BRSBTS, T e, dHae | A erbbesanu,
i nt ropluce perofaleecrystalizatid® potynedrdhg edmpountds beézomei good solvents fopther ane
materi al . W@Bﬁ’n?é?' difi61va {d f&»?x?‘aﬁ%ﬁ{ogéﬁé%ﬂ %&%b@”ﬁg%ﬁ{oﬁéﬁ%‘é of an

ol efin pon e presence of a procfessing. co I's®Irntluenced by
both an equi isplstion i extrided dyrough, dor exaneple, a\ﬁlréqm,mnsrqmqbegm@ﬁ liquid and

crystalline beloﬁmeww&iatlohh@thﬁ&dwi’@af e drdallizdld palyniehethe Renition!
potentials of hgs%esegamt%w?o form a phase separated film. Preferably, these compounds
have a boiling point at atmospheric pressure at least as high as the melting
20 temperature of the polymer. However, 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 polymer. Generally, suitable
compounds have a solubility parameter and a hydrogen bonding parameter
25 within a few units of the values of these same parameters for the polymer.
Some examples of blends of olefin polymers and processing compounds
which are useful in preparing microporous materials in accordance with the
present invention include: polypropylene with mineral oil, dioctylphthalate, or
mineral spirits; and polyethlyene-polypropylene copolymers with mineral oil or
30 mineral spirits. Typical blending ratios are 40 to 80 weight percent polymer
and 20 to 60 weight percent blending compound.
A particular combination of polymer and processing compound may
include more than one polymer, i.e., a mixture of two or more polymers, e.g.,
polypropylene and polybutylene, and/or more than one blending compound.
35 Mineral oil and mineral spirits are examples of mixtures of processing
compounds, since they are typically blends of hydrocarbon liquids. Similarly,
blends of liquids and solids may also serve as the processing compound.
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repeating unit in the two phases be equal. The tenperature at which this
condition is satisfied is referred to as the nelting tenperature, which
depends upon the conposition of the liquid phase. The presence of a
diluent, e.g., the 5 processing conpound, in the liquid phase will | ower
the chenical potential of the polyner inl®hat phase. Therefore, a |ower

nelting tenperature is required to re-establish the condition of |
equi librium resul Flupgoshemigal oxazolidinones suitablefar usa i e Poesent ipvention

depressi on. T nefialypsdlidz afdirtinictible AdotoMliphate eRlidal-Benthipinpep-at ure are
equi val ent 10_at

equilibrium ,Ho r.at non-eqyi |l ibriumconditions, which
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respecti veky. ; . 14 LB : o
"crystalli gatflugg@@gﬂg@%k@éﬁ%@ﬁﬁ%%%@%?%, ar i’@%‘?‘éﬁ%‘é’gﬂ%‘“ﬁ‘ ncl ude
the equil i brithefeef byan °$an!mhnlﬁﬂ$)6‘é¥)§i preferablyound as 15 wel | as the dynanic
effect of the rate of heating and cooling. The nmi croporous menbrane
materials of the present invention havg a m croporous structure
characterized by a multiplicity of spg@ed, I.e., separated from one
anot her, rl@ndomy di spersed, non-unif shaped, equi axed particles of
ol efin polymer connected by fibrils yoﬁi g\ are intimtely surrounded by the
20 processi ng conpound and the fludocheni®al oxazolidi none. "Equi axed"

means havi ng approxi mategly I i!g;nsi ons..in all directions. Wile the
preferred 1%or m of éﬁﬁéﬁ@g@&ﬁ ranecHaterials of the pr esent
i nvention'rs a sheet or filmform other article shapes are contenpl ated

and nmay be forned. For exanple, the article may be in the formof a tube or
25 filament are Hescribed in De$. Pant Nex S92 (Eratehetcalr). bEhese dxazalidinageng t o

the discl 039%1?1 ﬁﬁ&%:éh%r:ﬂél?fbkﬁ&&nﬁﬁgg Iy'ri??er rddekding BomAGHREMAturkne

(VF o7i nski ) Wb etesa 450" (s Ferght OREeR: oMare,Preleratly h SuRKeheiiiAbus merbr ane
mat er i al s20f okhmlidirdme Tompowmdstdre addethte the polymenliploeessingonegppinhd provi des
var L ouS POV i e SRR B ) WGl BT DA AR MBI |
in nore particempgundscanibtigradded ptheumembraneLofthe presgnteinventiontio asunts y
resul ting ingkQRgahad 5Qbdight! A (i.&NY WEGRL petcdnty; HRRaEH &R I dx@egst r €Ngt h
of the mater Io?labout 2 weight percent typically do not show any performance advantages. It
25 1s also expected that additional oil and water repellent fluorochemical
compositions would provide comparable properties when added during extrusion
at the proper extrusion conditions.
Optionally, these compounds, as well as commonly available well-
known oil and water repellent fluorochemical compositions, can be topically
30 applied to a microporous membrane material. Typically, topical application of
a fluorochemical composition requires a higher weight percent add-on, typically
4 to 15 percent, to achieve comparable water and oil repellency properties as
achieved when the fluorochemical oxazolidinone is incorporated in the polymer
melt. Additionally, post membrane formation application of the fluorochemical
35 composition requires that the composition be dissolved in a solvent and that the
solvent subsequently be removed from the membrane material. The solvent
should not be a solvent for the polymer or the processing compound.
Certain conventional additive materials, may also be blended in limited
quantities with the olefin polymer. Additive levels should be chosen so as not
40 to interfere with the formation of the microporous membrane material or to
result in unwanted exuding of the additive. Such additives may include, for




Crystallizable olefin polynmers suitable for use in the preparation of 35
m croporous nenbrane nmaterials of the present invention are nelt
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f orm a honogdepasted WnlgYoPrcomylséd m)geneous soI ution is extruded through,
for exanple, a fil md| e, and on cooling to or below the crystallization

t enperat ure CI’ stal lizabl e polyner, the solution phase separates to
form a phase film Preferably, these conpounds have a boiling
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lleast as hi giM&Stubd ap®r TiaRSmisGioR Ratd (MOTR) the polynmer. Generally,

I
suitable Moisture vapor transmission rates (MVTR) were made using ASTM E-
96-80 Upright Water Method at 70°F, 50% relative humidity and are reported
20 in g/m2/24hr.

Water Repellency Test (WR)

The aqueous stain or water repellency of the materials of the invention
is measured using a water/isopropyl alcohol test, and the result is expressed in
25 terms of a water repellency rating of the material. Materials which are
penetrated by or resistant only to a 100 percent water/zero percent isopropyl
alcohol mixture (the least penetrating of the test mixtures) are given a rating of
0, whereas treated fabrics resistant to zero percent water/100 percent isopropyl
alcohol mixture (the most penetrating of the test mixtures) are given a rating of
30 10. Other intermediate values are determined by use of other water/isopropyl
alcohol mixtures, in which the percentage amounts of water and isopropyl
alcohol are each multiples of 10. Results are reported as an average of replicate
testing. The water repellency rating corresponds to the most penetrating
mixture which does not penetrate or wet the fabric after 30 seconds contact.
35
Qil Repell Test (OR
The oil repellency of materials of the invention is measured by the
American Association of Textile Chemists and Colorists (AATCC) Standard
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conpounds have a solubility paraneter and a hydrogen bondi ng paraneter 25
within a few units of the values of these sane paraneters for the polyner.
Sonme exanpl es of blends of ol efin polyners and processi ng conpounds whi ch
are useful in preparing mcroporous mategyjals in accordance with the
present invention include: polypropylene with mneral oi
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conmpound. A peesistantibaly todm;o j @ brant qiahmmsml odraﬂdph@haastspangtmtmg)oﬁ.md may
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conpound.~ 35 tWheE108 metratarajofrﬁhﬁéesmoﬂgmrﬁ.aﬂsenaa xalyg S8} @hq;fmﬁﬁm@d}atés of

processi ng Coygadsnde de&hﬂﬁﬁdtﬂy%e%f%tﬁet Pueabily oP nitdes @F ofly,dasOhdaoin
liquids. Sim)| aaj‘x %r‘ﬂs of “li'quids and solids may also serve as the
processi ng co Qping table: . | yor ocheni cal oxazol i di nones suitabl e for
use in the present invention are normally solid, water-insoluble,
fluoroaliphatic radical - gpatialint g{ggLi?qm&xazol I di none conpounds whi ch have -
one or m)re 2- oxazol i di none noi e at | east one of which has a

nmonoval ent1® | uor 0alAPREE €1 adi cal cont ai ni ng at least 3 5 fully

fluorinated term ng*PERYHS¥n at ons bonded to the 5-position carbon atom

t hereof by an or garftdlpy groﬁﬁﬁ%ﬂmrably 10

[err] are described id U S. PaNyj 5,025,052 (Crater et al.). These
oxazol i di none conpoungs are nog _I b Qdécgﬁe e/proce55| ng
conpound mxture int ratio o to \/\/elgt perce ,I:‘E/g‘;e preferably the

f1 uorochemdal 20 oxazdl i di nonend§ are added to t he pol yner/

processi ng conpound n#xture inpitéteadedne0 of 1 to 2 weight percent.

Fl uor ochem cal oxazol icdi none cQ unds can be added to the nenbranes of the
present invention in grmunts ng’E&%‘?‘"?han 5 weight percent (i.e. 10 weight
percent), but additiofs in excasiecane

7 n-octane
20 8 n-heptane

The rated oil repellency corresponds to the most penetrating oil (or
mixture of oils) which does not penetrate or wet the fabric after 30 seconds
25 contact. Higher numbers indicate better oil repellency.

Sweat Contamination Resistance

Resistance to sweat contamination was measured according to MIL-C-
44187B, March 31, 1988, test method 4.5.7 and is reported as being resistant
30 or not resistant.

H nd_Stre:
Heat seal bond strength was measured by heat sealing two pieces of
membrane together on a Sentinal Model 12AS hot bar sealer (Packaging
35 Industries, Inc., Hyannis, MA) at a temperature of 143°C (290°F) for 0.75
seconds at 310 kPa (45 psi) pressure and determining the strength of the bond
according to ASTM D751-79 Method A (reported in kilograms per centimeter
width).
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of about 2 weight percent typically do not show any perfornmance advant ages.
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oxazolidinone (FCO) compound and about 0.05 parts Millad 3905 (available
from Milliken Chemical under the trade designation Millad 3905) were added
to the PP:MO blend. The PP/MO/FCO/MILLAD composition was melt

20 extruded on a twin screw extruder-operated at a decreasing temperature profile
of 260 to 193°C through a slip gap sheeting die having an orifice of 30.5 x
0.05 cm and quenched in a water bath maintained at 54°C. The phase
separated film was continuously oriented or stretched in the machine direction
(length) to a 1.25:1 stretch ratio at S0°C and followed by a continuous

25 orientation or stretch in the cross machine direction (width) in a tenter oven to a
2.25:1 stretch ratio at 83°C and then heat annealed at 121°C. Membrane
characterization data are reported in Table 1.

COMPARATIVE EXAMPLE C1

30 A 0.04 mm thick sheet of microporous membrane material was
prepared by using the same process and polypropylene/mineral oil/nucleating
agent materials as Example 1, but with no FCO compound to provide a
comparative membrane material. Membrane characterization data is reported
in Table I.

35
EXAMPLE 2

A 0.036 mm thick sheet of microporous membrane material was
prepared from the same PP/MO materials used in Example 1, but at a 68:32
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m xture (the 1.8axtl.pe(MD aTD)g Membnanet chatacterizationedata &y eepgitedmn Aablat i ng of
0, whereasgtreated fabrics resistant to zero percent water/100 percent

| sopropyl al cohol m xture (the nost penetrating of the test m xtures) are
given a rating of 30 10. Oher internedi ate values are determ ned by use
of other wat EXAMBIBAY! al cohol m xtures, in which the percentage anounts

of water and isoprqp, h i R ts are
reported as an averg\a%'cbsg#r%ﬁg%kisgﬁé’?t lg‘ioﬁléus%%‘%{g{'ee%&egﬂgﬁ ncy rating
corresponds tpsepages fromy thp same PR andgmirieral wileusgd iie Example hdwtpéaddidt e or wet
Fepel ?2223"2?‘?8“@"”2232 Bl S s F 0 W B T an
Associ ation &fﬂwﬁ Wéﬁgf?ﬁts‘?xémaﬁﬁahb?‘WPétg%PM) St andar d - 12 -
Test Met hod NaaxidllyS-stro@Bed W2S5ch! 78 (MD x TR}k e Manbrahe charsdtetizatior dafa t r eat ed

fabric to pe | ifl s of: varying surface tensions. Treated fabrics
resi st ant onpg}@h%ﬁ)ﬁw Ié brand of mi neral oil and the ] east penetrating

of the test oils, are given a rating of 1, whereas treated fabrics

resi stant 150 E}CAMPLE 4

A 0.09 mm thick sheet of microporous membrane material was

prepared from about 54 parts polypropylene/polyethylene copolymer having a
melt flow index of 0.4 dg/min ASTM 1238 (available from Himont
Incorporated, Wilmington, DE under the trade designation PRO-FAX 7823) and

20 about 46 parts mineral oil to which about 1.1 parts FCO was added. The PP-
PE copolymer/MO/FCO was melt extruded at process conditions similar to
Example 1 except at a throughput rate of 11.35 Kg/hour and a stretch ratio of
1.25 x 1.75 (MD x TD). Membrane characterization data is reported in Table
L. '

25

EXAMPLE 5

A 0.07 mm thick sheet of microporous membrane material was
prepared from the same polypropylene and mineral oil used in Example 1, but
at a 40:60 weight ratio to which about 0.8 parts FCO were added. The

30 PP/MO/FCO was melt extruded at conditions similar to Example 1 except it
was quenched in a water bath maintained at 47°C and biaxially stretched 1.25
by 1.75. Membrane characterization data is reported in Table I.

EXAMPLE 6
35 A 0.05 thick sheet of microporous membrane material was prepared

from the same PP/MO materials used in Example 1, but at an 75:25 PP:MO
weight ratio to which about 1.9 parts FCO were added. The PP/MO/FCO
composition was melt extruded on a 25 mm twin screw extruder operated at a



5 (the nost penetrating of the test oils) are given a value of 8 Oher

I nternmedi ate val ues are determ ned by use of other pure oils or m xtures of
agils, as shown in the following table: Standard Test Liquids 10

AATCC O L Repel | ency Rating Nunber Composition 1 Nuj ol T™M 2

65: 35 Nujol TM hexadecane by vol une 15-15- 3 n- hexadecane
4 n-tetradecane 5 n- dodecane 6 n- decane 7
n-octane 20 decreasing tenfperature profilenoft6tk tar230TCGehroagkd D62 cmegiedulancy
corresponds t p fy Qi whi ch does not
penetrate or \%&tﬂ?ﬁfﬂ??ﬁ% ?ﬂgtb dt%;edr g‘é%ééé%%iﬁcon gclt&ilfbh nunber s

i ndi cate bet t Memprane ghara ¢t@’r11@§'1°n n@bleoh Resi stance Resi stance
to sweat contam nation was neasured accordl ng to ML-C 44187B, March 31,
1988, test ‘bs. ed as being resistant 30 or not

resi stant. 2 J Tger—treat seal bond strength was neasured by
heat sealing two plbcsheetcdf mnrdpom\m membriahe materiah wae iprépasdd Bypdsihg tHR2AS hot

2,571 SR hatey i g B Mg 1

pressure and
det er ni ni ng t F&2Bp

tuh with R exazglidingne eRrapaipdite P}@’Fﬂﬁ mmmmanw@t hod A
(reported in kiengir@atedal. CMEmbiaiccchardctirizhtion data is reported in Table L.
10
EXA E7
A sheet of microporous membrane material was prepared by using the
same process and polypropylene/mineral oil/nucleating agent materials as
Example 2, except that 1.1 parts FCO was added to the :

15 mixture. Membrane characterization data is reported in Table 1.

TABLE I
EXTRUSION INCORPORATION
MEMBRANE CHARACTERIZATION DATA

20 §| Ex. | Porosity | Pore | MVTR | Water | Oil Resis- Heat
No. | (Gurley | Size | (g/m? | Repel- | Repel- | tanceto | Seal

Sec) (um) | 24hr) lency lency Sweat Bond

Contami- | (kg/

nation cm)

1 370 0.130 | 987 9 2 Yes 0.77

Cl |226 0.192 | 931 2 0 No 0.93

25 |12 62 0.380 | 1027 8 1 Yes 0.72
3 96 0.270 | 1030 9 2 Yes 0.79

4 205 0.380 | 904 9 2 Yes 0.68

5 110 0.430 | 793 9 1 Yes 0.29

6 515 0.460 | 435 6 2 Yes 0.45

30 §C2 | 192 - 986 2 1 No 0.61
7 08 - 1072 9 2 Yes 0.59




- 13 - EXAMPLES OXAZOLI DI NONE PREPARATI ON The fl uorochem cal oxazoli di none
(FCO wused in the followi ng exanples was simlar to those described in U S
Rat. No. 5,025,052 (Crater et 5 al.) Exanple 1, except that the al cohol and
i socyanate reactants used to prepare the oxazolidinone were
Cerr]Flerr]SOerr]N(CH err])CH err] CH(CiHperr] Cl ) OH and OCNCferr]Herr],
respectively. EXAMPLE 1 10 A 0.05 mmthick sheet of m croporous
nenbr ane naterﬁmmurepar ed using a thermally induced phase separation

t h It fl
S0 L A eSS ety 1"
W | ni ngton, D&F %P end o tsﬁﬁéscl’@b@w{qnér{am@kﬁ)@%ﬁﬂ)m&nd about 35

ParéI s 31 ner al Isdorpdrifeli i Wifmingioa lbétﬂhﬁréﬁmmusgcaésxgﬁﬁm) PRO—'PAlg{r 3t he :
rade desi a n €).. . arts
f1 tor ocar bo 52%5}0#?%36.985 (Gl ATl poRrmi o A8 ol i | L5
(avai | abl e fr @lireiidal uhder thi desigration D85 tHe2]3. Sqﬂﬁs@éaixgdqmg'mntéd | | ad 3905)
dded t ?59? It 20
2?([ reugedeon gpﬁ’&ﬁr&p?léxp\&még? cfggr}ﬁsggét% a*?g%)r easl n %e er. afu?g
brofile of 26eNEnation [l PEAHP Kedh b Parth FGAD whIBSNAS BelDieey vith
orifice of 30phrtXminé?8 GMDARAARSHMBNENAR AcreW acmuaéxebﬁ)émdg lmeabandm&]sat

el 1€ e T PR i a%wfmﬁle%?ﬁ SH8N e oS QRO | "2

fol | owed by awasmxtrmteduﬁr@ahaﬂ 62 con ¢ivgulagrblewn ilmidi¢ and was subsequentlyhi ne
direction (w %Eih 61?hrﬁe&?"ltiﬁr %enrﬁef’%ggﬁt asL 170 GRHEY sécadOthe pg?é[erf] C

and then heat ahnea at 121Jerr]C. ane characterization'data are
reported in T8ige vas 0 ARATI VE EXAMPLE Cl1 30 A 0.04 nmmthick sheet
of m croporous rrenbrane materi al was prepared by using the same process and
pol ypr opyl gfe ' Nip I 1/ nucleating agent materials as Exanple 1, but with
no FCO conpou i de a conparative nmenbrane nmaterial. Menbrane

characterizati on daA &.0&mmephick gheet of air permeable, perspiration repellent
microporous membrane material was prepared using the same materials and

process as Example 1, except a blue PP pigment (available from PMS
Consolidated, Somerset, New Jersey under the trade designation BLUE P293C)
20 was added to color the existing material. The blend ratio of materials was
63.7/1.3/2.0/33.0, PP/FCO/BLUE/MO. The process differences included
casting the molten blend maintained at 205°C from a slip gap sheeting die with
a 38.1 x 0.05 cm orifice onto a smooth steel casting wheel maintained at 66°C.
The membrane was then continuously length direction stretched at a ratio of
25 1.75:1 and continuously width direction stretched 2:1 at 93°C and heat
annealed at 130°C. The porosity was 200 Gurley sec., the pore size 0.28 um,
the MVTR 6954 g/m2/24 hr at 100°F and 20% relative humidity and the
membrane was resistant to sweat contamination.
Fluorochemical oxazolidinone compounds can also be topically applied
30 to microporous membrane materials to produce hydrophobic, oleophobic, sweat
contamination resistant materials. Generally speaking, a significantly higher
add-on of fluorochemical oxazolidinone compound was required to produce
repellencies (both oil and water) and resistance to sweat contamination
comparable to that obtained with extrusion incorporation of the oxazolidinone.
35
EXAMPLE 10
A sheet of microporous membrane material was prepared by using the
same process and polypropylene/ mineral oil/nucleating agent materials as



in Table I. 35 EXAMPLE 2 A 0.036 nmthick sheet of m croporous nmenbrane
material was prepared fromthe sane PP/ MO naterials used in Exanple 1, but
at a 68:32 - 14 - (PP: MO weight ratio to which about 0.05 parts MI| ad
3905 and 0.7 parts FCO were added. The PP/MJ FCO M I | ad conposition was
melt "extruded as Exanple 1 but it was ule"nched in a water bath at 60[err]C

and biaxially,oriented.1. 25 TD) rane c aracterlz tion
data is reporQ‘EBparr?'P e&gﬁiﬁb&l\%é WESGPB% &F\IW matgn
m cropor ous rbyndipping tlmtrrembainevm&: »5apsolrl (ww)sdlidorsefthe FC@e mi neral oi |

FO0 wer e addgiiPraPy %M& (BAL it Vs W&%‘a&% oy sy The Rl
1, but was bimigfaporgussmembrane anaterid was theroplaed intoropirculating aineven
charact eri 5atd1£ﬁtaﬁr%¥iaat'1 ‘ChOE n@ﬁtrdte &1 Fent Ie&xﬁng%ﬁ%'\@ﬁolfdxﬁo& 09 mm t hi ck

sheet of mcro oro rane erial was about 54 parts
pol ypr opy! endl W@Hﬁ‘%dﬂ%m‘&‘ﬁﬁﬁﬁs %d(g\ﬂg‘]ii'ﬁﬂé"!@sof 0.4 dg/min

ASTM 1238 (awpp fdkhhﬁefyrmﬂ_?! weight. | n'ﬁemwmlﬁamlwaweismangtwmeaDE under the
trade desi gnath 8&@%‘3 823) and 20 about 46 parts mineral oil to which
about 1.1 parts Was added. The PP- PE copol ynmer/ MJ FCO was nel t
extruded at process conditions simlar to Exanple 1 except at a throughput

rate of 1310355)5%41_115512“(1 a stretch ratio of 1.25 x 1.75 (MD x TD).

Mermbrane character| Z% toc?f m?ctrgpdrgusr r%gmi)}a%g rrlla enﬁ feComparanve Example 1

was dipped into a 5% solids (w/w) solution of FCO in IPA, which was

maintained at 66°C, for 3 seconds and dried as in Example 10. The FCO add

on was approximately 7.0% by weight. The membrane was resistant to sweat
15 contamination.

Example 12
A sheet of microporous membrane material of Comparative Example 1

was dipped in a 4% solids (w/w) solution of FCO in IPA which was maintained

20 at 70°C for 3 seconds and dried in a circulating air oven at 80°C for two
minutes. The treated material was tested for oil repellency. The oil repellency
value was 2.

Example 13
25 A sheet of microporous membrane material of Comparative Example 1

was dipped in a 4% solids solution of fluorochemical polymer in a 50/50
water/IPA mixture. The fluorochemical was prepared as in Example 1 of U.S.
Pat. No. 4,579,924 except that 75.5 parts
CgF7S0)N(CH4)C,H4O0COCH=CH,, 17.3 parts
30 C,H50C,H,OCOCH=CHj,,
7/ O\
2.5 parts CHy-CHCH,OCOC(CH3)=CH, and 4.5 parts
CH2=C(CH3)COOC2H4N+(CH3)3C1‘ were polymerized. The membrane
material was dried at 80°C for two minutes. The treated material was tested
35 for oil repellency. The oil repellency value was 2.



EXAMPLE 5 A 0.07 mmthick sheet of m croporous nenbrane material was
prepared fromthe sanme pol ypropyl ene and mneral oil used in Exanple 1, but
at a 40:60 weight ratio to which about 0.8 parts FCO were added. The 30

PP/ MJ FCO was melt extruded at conditions sinmilar to Exanple 1 except it
was quenched in a water bath maintained at847[err]C and biaxially stretched
1.25 by 1.75. Menbrane characterization data is reported in Table I.
EXAMPLE 6 35 Example 14 0. 05 thick sheet of mcroporous nenbrane materi al

was prepared fromt ' - . t, an
75: 25 PP D el ght a0t Oh iR Cppiens Menftring ATy COfffduve ERho )
PP/ MO FCO corrpﬂgﬁ é‘ip b3 41713I5?h‘1§><&0h&19§d3f@nﬂ@f2®3m wpmpegtieminex 50(50er
operated at a2water/11_!15 mixflee bml ined Fﬁfﬁbﬁi_ &?r_libﬁfhugé%if B%ec??fndﬁg%gn%g[ err]C
t hrough a 7. [ ar own film : ] _
stret ghed l.sg: qﬁwglr“f%m e ﬂ]hgr%?ct gpi waﬁ?ﬁgﬁa@ﬁﬂﬁ%med_ in
Table I. 5 dcxmba QSVQW“ @3)@%?601\1%;‘%;2@1%:/ gerr?;; :lne mat eri al
was prepare Q:q@ O?ﬂf'
oil/ ﬁucreati n Pl%@r?fg"na(t erd a Qgﬂ anpl e 4ggg‘tl)ut ) \Aﬁ(—Ls.‘no oxazol i di none
compound to pri&gFdaS8Ririat Bl R0 e lattercryonmategmlstheingeby-product
charact eri zat i mateflgls 2 Tie mﬁﬂ?ﬁhé%dtéﬁﬂ &Msglri'gd a@@owt h%gglrir@t%spggfée gf and
m cropor ou teria repar | Ny
pol ypr opyl Z‘Rﬁ%@@?@?ﬁ% ﬁségffpﬂﬁﬁé "‘i')ét gﬁ‘? a&gepsﬁeﬁvaw%wg _3exc_ept
that 1.1 parts FCO was added to the 15 m xture. Menbrane characterization
data is repor twbl e |. TABLE | EXTRUSI ON | NCORPORATI ON
A sheet of microporous membrane material of Comparative Example 1
was dipped in a 4% solids solution of fluorochemical polymer in IPA. The
15 fluorochemical was prepared as in U.S. Pat. No. 3,341,497 (Sherman et al.),

Examples VI to VIII, except the components were 50 parts octadecyl

methacrylate and 50 parts N-ethyl perfluorooctanesulfon-amidoethyl

methacrylate. The membrane material was dried at 80°C for two minutes.

The treated material was tested for oil repeliency. The oil repellency value was

20 2.

Exam g!e 16

A sheet of microporous membrane material of Comparative Example 1

was dipped in 2 4% solids solution of fluorochemical polymer in a 95/5 ethyl

25 acetate/heptane mixture maintained at room temperature for 3 seconds. The
fluorochemical was prepared as in U.S. Pat. No. 3,341,497 (Sherman et al.)
Examples VI to VIII, except the components were 35 parts octadecyl
methacrylate and 65 parts N-ethyl perfluorooctanesulfonamidoethyl
methacrylate. The membrane material was dried at 80°C for two minutes.

30 The treated material was tested for oil repellency. The oil repellency value was
3.

xample 17
35 A 0.03 mm thick sheet of microporous membrane material was
prepared for lamination to a polypropylene spunbonded nonwoven using the
same materials as Example 9, except a polybutylene (PB) copolymer (available



NEMBRANE CHARACTERI ZATI ON DATA 20 Ex. Porosity Por e WTR  Water

al Resi s- Heat No. (Curley Si ze (g/nmferr]/ Repel -
Repel -  tance to Seal Sec) ([err]m 24hr) | ency | ency
Sweat Bond Contam - (kg/ nation cm 1 370 0. 130 987
9 2 YES o 77 C1 -1226 o 192 931 2

0

1 Yegrom Shell Cbemg:ahCompa%under the trade Qqs@gnatlgmf@ 815 1%) was added 2
Yes Oto/ fhakke a blendOfatio of 61.8/9. 33@@/3 OWPP/FCOABLUE/PB/M(X Yes
glgB > (%.19160 T}H§g8mp051t1%n w%s melt Pﬁ(tmded througfheg circular blo&/n4%1né81e 0.29 6
192 having a di@seter of 30.3 cm and an orifice of 0.05Nem to form a 20m@ 1film 98
1072 9 ith a t width of | 8 A 0.05 mm
t hi ck sheet 3? 3omorv8utsh ?reﬁcm The mgrrnzéxgalne wag %’r tén%r ei§ a blend of
58 parts pol yi5¢ tﬁtﬂfﬂ‘@r?eléalléwtﬁ'b@lof%t nl}ea; 3 i ngt on,

De: a\(/va{ﬁ lunde:rentﬂmd wasimedeﬁergma Ib(@ﬁddﬂﬂ@d:l% atﬁmea ) rdb'ylemrs gnbond der th
oly(e en e ayai e f.r under e
ges?/gnat Yon %g"gé%ﬂ)&%é%'ﬁ%ﬁ f’ sgpp%%b%q Shbﬁfﬁ‘tvﬁtﬁ %FJ%@%*@

(avail abl e f pms;:mchldedrrummgmhclmem)rMe mmveumevemraesmwh golét i on CBE
34227 P Reg) andlaie%&?émlf%m rcm?llnﬁteg &%n&eft st ner al

ew e eratin tlons 10 simlar to

oil on a 25 tr
t hose descri g@ﬁ’%“@?éﬁb?‘@@ ﬁ'hghﬁmﬁ‘gpl ?"F@?RE?IBI“@ﬁd was extruded

through a 7. Ggproxintitely 256 pobhdsper flineah idtie Mm‘nlwaﬁe dath $e setefotth \in ITabigt h
oriented 2:1yat 60[err]C. The porosity was 170 GQurley sec and the pore size

was 0.30 [errTm

15 Example 18

The membrane of Example 17 was also adhesively bonded to a similar
1.0 ounce PP spunbonded nonwoven. The adhesive used was a polybutylene
resin made by Shell, identified as DP9891D Duraflex, spray applied in a
random pattern. The adhesive weight applied was approximately 2 g/ m2.
20 Membrane data is set forth in Table II.

TABLE II

f r——# — ———————

Ex. | CALIPER | % FCO | POROSITY | BUBBLE MVTR

No. | (mm) (sec/ SOcc) | POINT | (g/m2/24hr at 100°F,

(um) 20%rh)
25 17 0.03 1.3 221 0.40 -
18 0.03 1.3 295 0.32 5151 u

= —

The various modifications and alterations of this invention will be
30 apparent to those skilled in the art without departing from the scope and spirit
of this invention and this invention should not be restricted to that set forth
herein for illustrative purposes.

35



15 EXAMPLE 9 A 0.04 mmthick sheet of air perneable, perspiration repellent
m croporous menbrane material was prepared using the same materials and
process as Exanple 1, except a blue PP pigment (a\ﬁarLLabILfrom PMVS

Consol i dated, Sonerset, New Jersey under the trade d 1-on BEUE-P2930)
20 was added to col or the exi sting materidd - The bI a@l ’Imﬂ I als
was 63.7/1. 3/ 0/ 33.0, PP/ FCO BLUE/ MO, The process di ij
casting the bI end mai ntained at 205[err]C froma slip gap sﬁeetl ng
die with a 38.1 X 0.05 cmorifice onto a snooth steel casting wheel

Stretched at a6?<[i'? .r %] g mBfopBRIR ArdRE lafiFy AT ALY n Rl ot O
stretched 2: 1 dgfiropgiymer,a Bmeﬁwcmmwldtlsmlbkr\yﬂl thenalefimr osity was
200 Gurl ey SeCpogxﬁéﬁtRﬁE ﬁol%hk?s(?néiﬁné ﬁélhigaet 1 Sorfcddlifih €6 b} / 24 hr at

100[err] F and .2 r e was I esi tant to sweat
HFO@F@FW&' %Fq @B mercadd 3'so be topically

contam nati on

applied 36 to ﬂumahpmwsxmubmnecmp@mdakadtmtm@@emg drientedin Qibileast

ol eophobi c, \Qﬁ r%gtr};@m nation resistant materials. Generally speaking, a
significantly hrg er add-on of fluorochem cal oxazolidi none conpound was
required to produce repell encies (both oil and water) and resistance to

sweat contam nation qu'ﬁé&ﬁé?@hﬁ éﬂ}:léxhﬁl whiekeih 886 oldfiipdyhedsi ON

i ncorporation _of the, oxa din 35 E LE 1P x]%heet of %ro or ous
menbr ane rmat ePPHPIORYLENS, §§>§1‘ mﬁ%‘l‘?{g""ﬁ’ﬂ MELHR E}ﬁ Ag and, REPPYISAGPopy | ene/
m ner al oi | / notiee @bpolymarsesuch rmlpelyeﬂiyiena,spolyprop)ﬂéne afdpplgbdtylene Exanple C2

A e 0 RSP SIER chl e BRUPKBRR PP £lfind! DPLNG Lhe ety ane

into a 5% sol i w) solution o I N |sopropyl al cohol (I PA),
whi ch was maintained at 66[err]C, for 3 seconds. The microporous nenbrane

material was then p}.aqhed matedalaof@ldimul athefdih 8did pdcessing compound is a
hydrocarbon liquid.

4. The material of claim 1 wherein said processing compound is
mineral oil or a mixture of mineral oil and mineral spirits.

5. The material of claim 1 wherein the blending ratio of polyolefin to
processing compound is in the range of about 40:60 to 80:20.

6. The material of claim 1 wherein said fluorochemical oxazolidinone
is a normally solid, water-insoluble, fluoroaliphatic radical-containing
2-oxazolidinone compound which has one or more 2-oxazolidinone moieties, at
least one of which has a monovalent fluoroaliphatic radical containing at least 3

5 fully fluorinated terminal carbon atoms bonded to the 5-position carbon atom
thereof by an organic linking group.

7. The material of claim 1 wherein the fluorochemical oxazolidinone is
blended with the polyolefin and processing compound at extrusion and
comprises about 0.3 to 7 weight percent of the material.

8. The material of claim 1 wherein the fluorochemical oxazolidinone is
blended with the polyolefin and processing compound at extrusion and
comprises about 1 to 2 weight percent of the material.

————
—————
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5 maintained at 100[err]C to evaporate the sol vent, Teavifg—the—
oxazol i dinone intimately surroundi ng the nenbrane i rwﬂm Mﬂ'm

add-on was approximtely 7% by weight. The menbrane um'm"r:oweat
contam nation. 10 EXAMPLE 11 A sheet of croporous nentir ahe fater i*al

Conpar ative Exanple 1 was dipped into a’ %sollds (w'w) solution of FCO I n

| PA, which was nai a ed 6 or3 nds and ried.as in

Exanmpl e 10. The F %9%33 Jziﬁ?ﬁ%%ﬁ&f’ W hemicatexazelidingRe 1 ane
was resistant Can)bsmesem&ddzynmarfomﬂaon. Exarrpl e 12 A sheet of microporous
menbrane material of Conparative Exanple 1 was dipped in a 4% solids (ww)
solution of FCOin |PA which was maintgyned 20 at 70[err]C for 3 seconds
and driedsin a circulating air oven at |gO[err]C for two mnutes. The
treated material was tested for oil regellency. The oil repellency val ue
was 2. Exanmple 13 25 A sheet/df Ncroporous menbrane material of
Conpar ative Exanple 1 was di pped i nQa 4% sNl i ds sol ution of fluorocheni cal
polymer in a 50/50 water/|PA mxtur& The fl uorochemi cal was prepared as in

Exanpl e 10of U S. FGgF7860,N(C HexeepCHshat 75.5 parts

Clerr]Flerr]SJerr]N(CH err]) err] Herr] =CH err], 17.3 parts 30

CerrJ]Herr]OJerr]Herr] OCOCH=CH err], 2.5 parts

a% er r} g(‘ia% e: r] OQQC( Ot ﬁfafel':)earr&"f;l\llilfrﬁ Il ohedeift-the BiabFoehemical oxazolrlrcgnoneed The
err e

mermbr ane mat ef:Qs tgi’% g‘ﬂ“‘é%ﬁegﬁ('lp_g qlgqsguk%aéﬂr r?ﬁf'@?b?ef 99(95?‘§d

materi al was membeanc3patenal abial ratecqfedt|least § pefident by weigip bhsedronytheaveightnas 2.

- 18 - Exanpl gf e material.

11. The material of claim 1 wherein said moisture vapor transmission
rate is at least 700 g/m4/24 hours.

12. The material of claim 1 wherein said material can be heat sealed to
form a bond strength of at least 0.1 kg/cm width,

13. A layered structure comprising the microporous material of claim
1 and at least one other porous material which does not substantially affect the
porosity of the microporous material.

14. A laminated structure comprising the microporous material of
claim 1 and at least one other porous material which does not substantially
affect the porosity of the microporous material..

15. A liquid repellent, moisture vapor permeable microporous
membrane material which comprises an oleophobic, hydrophobic, moisture
vapor and air permeable, heat sealable, microporous membrane material
comprising a crystallizable olefin polymer, a process compound which is

5 miscible with the olefin polymer at the polymer’s melting temperature but phase
separates on cooling to or below the olefin crystallization temperature of the
polymer, and a topically applied oil and water repellent fluorochemical
composition, said membrane being oriented in at least one direction.

e e e
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A sheet of mcroporous nenbrane material of Conparative Exanple 1 was

di pped in a 4% solids solution of a fluorochem cal conposition in a 50/50
wat er/ | PA m xture mai ntai ned at roomtenperature for 3 seconds. The 5

fl uorochem cal was prepared as in U S. Pat. No. 3,094,547 (Heine) using 29
parts [CJerr]F[err]SOerr]N(CH err]CH erRR)-Clerr]H err]O[err]POONH err], 5
parts C[err]F[err]SCIerr]N(CH[err CH[err] C err]H[err]ODO(O\IH[err])[err]
and 0.7 parts [([err]F[err] SO er Aosiractios the HICIOWIE) CTerr]H err] O [err] PO,
the latter two mat em@in%eﬁ%ﬂ‘ﬁs@dseﬁ"aﬁ@l’&fﬁ &eny&b@obwnm [, mBt eri al
was dried at 80 rr]Cfor 4\/\10 mn?abﬁb é ttTeated material was tested
for oil repel YIC VRRRr ghq ar poEn I QUSTOPRIOYS GIGMDIBNEA sheet of
m Icr gpor ous nmatarmhetlnmbﬂefmega:mént@ppﬁm@hs vV ThErmemibbrand matesiall comprsesa al 4%
solids sokuti ' P cal was
orepared 2s. 1 OBl YRR, S BioGgng ctBhuld which'is Miftite Wil B BONRR T

VI, except ahis geipempenaturedptpisse separateowheni theypolymemiscogledite aznd 50

parts N-ethyl baa{vf lwmemeﬁ@ém% f£a aam&ea{em&al %Hgaﬁm e nlélRbrARELr ane
material was dried,at 80[e ‘_FL%: or t treated.materi al was

tested for oi r“af%bf% Iegst °Pé§’é?qt Mgmbrane majenals glaing o 16 A
sheet of mcrdmmmpellameyrhndmm:stateevapet e@o op&mmefcﬁmtmkiai periads di pped

in a 4% sl i dg¢ yI 25

acet at e(; gpt aﬁeﬁﬂel{b&?ﬂnﬁﬁ a&bﬁ%@@%rooﬁ eér{‘rpgfeié% ure r seconds The
f 1 uor ochen caPerspisationangsidues which qre kpwiptn genemllycopeminate apdndtimatalyet al . )
Exanpl es VI t gesWoy.the Héndy%oﬁ&ﬁ@@&ﬁ@érﬁeﬁ@drﬁl fquidatpelleat; trAsiSyd

nmet hacryl ate and ar et h per f 1 uor ooct anésul f'onam doet hyl
met hacryl ate.”’ pﬁgﬁ?ﬁb&’hg %la was dried at 80[err]C for two m nutes.

30 The treated material was tested for oil repellency. The oil repellency
val ue wagg 3. Exanple 17 35 A 0.03 mmthick sheet of m croporous
menbrane material was prepared for |am nation to a pol ypropyl ene spunbonded
nonwoven using the sane materials as Exanple 9, except a pol ybutyl ene (PB)
copol yner (avail abl e
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REPLACED
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- 19 - from Shel|l Chenical Conpany under the trade designation PP38%10) Cwes
added..to nake a blend ratio of 61.8{1.3/2.0/5.0/30), PP/ FCO BLUE/ PB/ MO
Thi s-eomposition was nelt extruded through a circular blown filmdie having
a diameter of 30.5 cmand an orifice of 0.05 cmto forma 2 ml| film5 with
alay flat wdth of 91 cm The nmenbrane \%s continuously length stretched
toa 1.6:1 stretch ratio at 38[err] C and heat annealed at 119[err]C The
menbrane was t hen thernally bonded to a 1.0 ounce pol ypropyl ene spunbond
nonwoven (traderofl, "WATERtAND, swpaD! REPERY.ERETD
process i ncl udeMARBRIALS t he menbrane and noﬁao\%gﬁ%g?%gg gﬁ;&ﬁi@fﬁ roll 10
and a heated point-bonding roll (app t el 5l ercent point contact).
The heat roll was set at 270[err] F. 1 ied to the nmaterials
was approxi mately 250 [herinventien disclosed an olebphabko;thydrophobic awater sepellents t h i n
Table I'l. 15 Exa el
"R)bf‘suﬁ@ vzﬁ(ﬁ' am;%f gé}?ne%le abte, er\‘)ﬁ?or@n row dﬁ@x‘i’iﬁﬂn&! y

bonded to a siml ar nonwov Ive used was

a pol ybutyl ene reg‘ﬁﬁn'ﬁf]aﬂ’é Sﬁ&ﬂme“ité !@?‘P@d hhe mEoBRNS ’B'I‘}Pla | OMPTISEY &y
applied in a §andpolyglefit olymef)e pesbassings compivat twhictpisi midcibieswith picopolpmee! y

call PER % o0 | pRRLa oGl i B e bk ppl¥er s booldd o gr,

50cc) PO NT  ( gbalpwits|melt lemperatusopad a]fluorqghemicahfomposition. 2hesnenbrane

3732 0.03 61 élﬁ%‘tﬁgal ﬁ%hgntsed in G ?&gtattmeodrixs'ecg%n. ;Ilﬂf é?%ngbrgﬁ’e maten%ls:’retmn 295
riou di.f.i i |
i nvention will behs P‘é)hi’n BOjSHE Yapar parm ﬁpfqPSn&F&nW’ftFﬂf{Tg PEERLS ¢ i ng

fromthe scofe anof tipe in gamient hpplicationswhioh eapuie tthe membvanetmateriziboml d not
be restricted to fhahiraf6h réflided which are known to generally contaminate and ultimately
destroy the repellency properties of conventional liquid repellent moisture
vapor permeable treatments. °




e a
herein for illustrative purposes. 35 1 CLAIMS 1. Amcroporé’u?SOG
menbrare naterial which conprises a crystallizable olefin polymer, a
protessi ng conpound which is mscible with the ol efi '

pol ymer"s nelting point but phase sepagates on cool i éli mmﬂglmmm
olefin crystallization tenperature of the pol ymer, of

pol yolefin to processing conpound bgi | the range of about 40:60 fo

80: 20, and a fluorochem cal oxazoli rhone corrpound said material being
oriented in at |east one direction, The material of claim1l wherein
sai d ol eli n pAINYiGOPOTOYS FEMpEInS aterind whﬁﬂ*kfamm‘eem giystalizable elofia ppliane, &f

et hyl ene and mqwﬂgempomdwtnhbxsrms}ﬂdbmmcdmcﬂwmp@l thetpolyineants, melting

pol ypr opyl enepdiitchup phasb sépakfesonceaplihy medeSoeMw cie alefin bgstaliiestici tampélatdry or

in a mxture. oSe pol H&? tH@BI%ﬁdhﬂ réto &l éf MOSPrBEddsia b&nﬁ&ﬁﬁ%ﬁi

compound s a hyghp 60’9 4of énda FocBlnfl Baefliafibl Befpol grm sai d
processi ng con'g % o fed a@ %W% m ner a ner al
spirits. 5. MafH lﬁﬁlge‘?’} Blecdp F%fff’ﬁ’el P&in said fl uorochenical
oxazolldlnone is anormally solid, water-insoluble, fluoroaliphatic

radi cal - 2ont aFkd majerial ofclaioi 1 wherein s2id olefio pelymenisqielypaepydene, Bocinenpelymers

2- oxazol i di nosrecapolyeterssf ethylenecaxit propyders onbihehcopdymerssudval miyethylene,

f1 uoroal i phat pdlypra %»1@:@5 alfP pélgbityRRfle bpdiEasts whith!/Ichl bel wed istguRelyt & mi sal
carbon atons he  5- p03|t|on carbon atom thereof by an organic

| i nki ng group. " The materl al of claim1 wherein the fluorochem cal
oxazol i dj none s bl e d, wt he pal,yol efi.n and ces oun

extrusi oft and Qé’g L}tw Tein SyAProgessing © %@C@@al’s Ebﬁ ‘{‘lﬁ‘@ﬁ??g‘ﬁ
Thé_.rmaterial of claiml1l wherein the fluorochem cal oxazolidinone is bI ended
wi t h t hedpol yBhehaterialaf ghaimdewhéreiy seidmpeagssingicompaundd$ minesal dilos apnixbue

about 1 to 2 ofahipbifal pit aednifinerdl spifies. mat eri al . 8. The material of clai m5
wherein said fluorochenical oxazolidinone can be represented
5. The material of claim 1 wherein said fluorochemical oxazolidinone is a normally solid,

" water-insoluble, fluoroaliphatic radical-containing 2-oxazolidinone compound which has
one or more 2-oxazolidinone moieties, at least one of which has a monovalent
fluoroaliphatic radical containing at least 3 fully fluorinated terminal carbon atoms
bonded to the 5-position carbon atom thereof by an organic linking group.

6. The material of claim 1 wherein the fluorochemical oxazolidinone is blended with the
polyolefin and processing compound at extrusion and comprises about 0.3 to 7 weight
percent of the material.

7. The material of claim 1 wherein the fluorochemical oxazolidinone is blended with the

polyolefin and processing compound at extrusion and comprises about 1 to 2 weight
o percent of the material.

8. The material of claim 5 wherein said fluorochemical oxazolidinone can be represented
by the formula:

o
i
C

/7 \ |
| (|) .Ii!-ClaH:w |
CsF17S0N(CH;3)CH.CHR—CH;
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by the forrmula: [err] 2 9. The material of claim1 wherein the

fl uerochem cal oxazolidinone is topically applied to

perrreabl e, mcroporous nmenbrane material at a rate of Mﬂl%i“ Eﬂﬁ& ent by
wei ght based on the weight of the material. 10. Th |m 1
wherein said noisture vapor transmissi@n rate is at least 700 g/nferr]/24
hours. 11. The material of claim1l wherein said material can be heat

seal ed t@. f or Thamatesidl sf slsingl Wherkinahe flearethemital logamtidisiogt ks tofizally appliedyer ed
structure CONyy indisifte vBFor Pefh bR, AEropBrodS mbPdneGhAtral lat atateas i gt sone
ot her porous ﬂg&&{tlb el tﬁ%§g%ﬁ?ﬁw& Mﬁﬁ%ﬂ%ﬂcﬁh‘ y affect the porosity of

the m croporots nat structure conprising the

m cr opor Qus eri al f claiml and at | east one ot her porous teH

whi h' dodd nofhe massrisnof clpjm, 1 a\f]he B S MGIWIGSRPOF (EAnSIERSIORTRIE &l 785
material . 14. gmR4hoyes d repel I ent, noisture vapor perneable n1croporous
menbrane material which conprises an ol ephobi c, hydrophobi c, noisture vapor
and air per meghd Ratehidf claignl Vhbrein shild @iatdial GinbeRaNcalee oAl ndeasRith Si ng

a crystallizagtg1okehi ﬁ;gmwm a process conpound which is mscible with
the olefin poI ynmer at the polymer's nelting tenperature but phase separates

on coolng (ir %I Wthe Oleflr}BFXStalllgfgi&lqﬂg e@frrlgﬁ{atur of th

| NI £ PICORPIoNs 33, angha e e e,

E gmy)ggirt i 02, B%rtpa»a] WXWCM% ngt substaptipllynaffget ﬂgaeqm%weo P@yﬂoaﬂr.ous
materi

%’

. 13. A laminated structure comprising the microporous material of claim 1 and at least one
et other porous material which does not substantially affect the porosity of the microporous
material.

14. A liquid repellent, moisture vapor permeable microporous membrane material which
comprises an olephobic, hydrophobic, moisture vapor and air permeable, heat sealable,
microporous membrane material comprising a crystallizable olefin polymer, a process
compound which is miscible with the olefin polymer at the polymer’s melting
temperature but phase separates on cooling to or below the olefin crystallization
temperature of the polymer, and a topically applied oil and water repellent
fluorochemical composition, said membrane being oriented in at least one direction.
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