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Microporous materials are made in accordance with the present invention by the following steps:
(a) melt blending to form a mixture comprising 15 to 80 parts by weight of crystallizable thermoplastic
55 polymer, 0.1 to 5 parts by weight of nucleating agent per 100 parts by weight of said thermoplastic
polymer and 85 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 melting temperature of the thermoplastic
polymer but which will phase separate on cooling to a temperature at or below the crystallization
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Because a nucleating agent is used to form the microporous materials of the present invention, much
greater amounts of additive compound can be used relative to the thermoplastic polymer forming the
microporous materials. Moreover, the resultant microporous materials can be made to have a relatively
higher degree of porosity than if no nucleating agent were used, because much greater stretching of the

55 materials can be achieved. As a result, the microporous materials of the present invention have a broader
base of useful porous and physical properties. .

Further, because a nucleating agent is employed in the present invention, the resultant particles of

thermoplastic polymer are greatly reduced in size over the size the particles would havé if no nucleating
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(solid white line followed by a double dash) is a scale marker to indicate length. Thus, in Figure 2, as well
50 as in each of Figures 4, 6, 8, 10, 12, and 14, the solid white line portion of the bar marker represents 10
micrometers in the left half and 1 micrometer in the right half of the photomicrograph.
Figure 3 is a photomicrograph of the internal structure of the microporous sheet of Figure 2 taken along
a cross section of the microporous sheet and shown at a magnification of 1500X. The bar marker placed in
the fower right corner of the photomicrograph (solid white line followed by a double dash) is a scale marker
ss to indicate length. Thus, in Figure 3, as well as in each of Figures 5, 7, 9, 11, 13, and 15, the solid white line
portion of the bar marker represents 10 micrometers.
Figure 4 is a photomicrograph of the surface structure of a polypropylene microporous sheet made in
accordance with the present invention, that is, using a nucleating agent along with mineral oil as the additive
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A second advantage of the microporous materials prepared by using a nucleating agent is that these
oriented microporous materials have a surprisingly higher degree of porosity than would be achieved if no
nucleating agent were employed, and the microporous materials prepared may be stretched to a surpris-
ingly greater degree. In fact, the present invention makes it possible to prepare microporous materials

s6 which may be streiched to an area increase of over 1100%, which microporous materials could not even be
prepared and stretched 10% without crumbling to the touch by techniques heretofore employed, such as
those disclosed in U.S. Palent No. 4,539,256. Thus, the present invention provides methods for preparing a
broader range of useful microporous materials having a wider variety of porous and physical properties.
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her et of op &, &%%thaf?a@@mckse ot S0tk g U b a| Lac?% ¢ bW SHidoBauirdy acond
advantags e T s It Ao obl, R P tgﬁ%'n@g bggent
i's that E?aﬁée% B 4§ %L‘?a le Mo GELRIREOLR RIS st \éﬁeét Bt dfebidh, At Ynal! 3
degree Obydifing DbihYin ke Qirdeid shabie u%CJ?dn%ﬁ‘sG durfacuﬂrp JreehiRALHoNG b@gﬁﬁﬂrm\@@ bftain
enpl oye un.@mdanma&qtme@rpg@g{yous materials prepared may be stretched to a
SUr priss- | Mg Ynigb@edul Ishéke Ghilsials | 1 thad Blesert iRreflib® SR prefefWI@ NirhéBionERK 8Gbilided
possSi bl e adcorapg ap ab@erdtibeal, @0 I@ben Rakrdjubalschb® Whhaling iy shacist rshéd hadle titois an
ar ea i ncres@Emedok a oase statltikG ¥mpedaiueh m croporous materials could not even be
prepar ed arfdfegthy ¢t i @totdiEér\shawnda Figares AbS, itiregmitopdrive materah mbyge vithchmicetieg
her et of orgent inp kagyidehce swith hthe Préskrd sigvediion clsioave din | figuigs SH-19Pabanbe Nompaed58i, 256.
Thus, st hevigpeisesal¢rialmariei vothoud push iadedeaties dmeeidshowt inffgersa 2idh ¢t sholld batkded thainge
of usef utherlesding serengandhiadeherm ranaed, Privh tatalingidhe Plalprnaleryof gpchpdd Figyees 2rig) As
phyS| cal slmw r)‘érthP'é§ 4-15, the microporous materials of the present invention are composed of randomly
dispersed, equiaxed, non-uniform shaped particles of thermoplastic polymer, which are considerably smaller
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6 EP.0 273 582 Bl As nentioned, when enploying a nucleating agent in
accordance with the present invention, the particles of thernoplastic

pol yner “in the resultant nicroporogsobps i@y are greatly reduced in size.
For exanple, it has presently been found that the size of the particles can
be reduced by at least up to 85% of the size said particles would have if
no nucl eathemt)e agemdr padicles ¢ itesaiorbpordus majpdd! yipvo Pyfigns  2-Jetfetd ol nacladtingageatfwad
0.1 to 5.0vakedrigndser S disnvahodrethal thecharticleedre spedetl frav ena g®theatotiravide agiewok abf 2
m cr omet emisrappres dgwbehugangwithyparticted being coppecied e eagh dtsershyoiivrls whisheadiate framheach t he
preci se pawq'ecﬂoéd@qezboadbteauPﬁlwtaaﬁquﬂv the 'tﬂ@ ol Einils ne 'gmft volime gndibp lopgtaldfibtils ve,
conponent s@ERIteenhanged ke migaeprye getedals of fi E'Sﬁﬁ“ﬁ?‘@h e @agtiah pidipureRBrieover , t he
nunmber of fi'B? F“I’%‘"’%éﬁ’mﬂ?ﬁ""c MO FREORH forp W‘%‘Pf‘g(%s 6'f°e't'ﬁé"°r"F?JF F‘T“S“ee{w@*’"m“s

dr amat i caF'Te?t 'P?%‘?f'?@&é’l?& 08?%? H "é?"ﬁ G‘éﬁ“"é?éf"'lt %Pge"ﬁ 'ﬂ“fﬂ‘?fa%edr"é@ &9"‘?

been foun{®{© 'ﬁ?

mp sh v nt
ggo'(t%)ot ﬁ ;ﬁvigfnus ma%enals %FV' s a 2 rlerg € a van £spe :::l:ugg:?lois :g' rovu mg unlque artlc S, ?;% n d
beneficia a *1: e %&s B n?&%a&% %E\m{w% &%alté?gus
agent in @%Péi 96}&% bf\fe ch%ﬁ@rsus sh&é\’%@&\é Plbiting ntatbal€ %% Seteh/ Bhysically placed

st r et chabiyid meaﬁetoﬁo%&,sléh@e:sm r8R8TtiddtahdBB! RY Gse DEIAb Dr Alord RECHVE CHRIGASRUSS the

nat eri gk Simbighgt Matsrials@ARIR, théit rdadRn MRS Rt hiroPRQR dhedi REludtlielt Exbfifles of imbibing

st r et chabbiohiats @hicH MRYRT BS Brhplsyal ifTihG IPRfBEHT GrventiBR intlidedinedi@ihehits, fraBRihdd8,Sehiktio
that the aghal suaaantlpeitbidesyRbe® Kblid| patidniatd enatefsls @RBed dejvated cathpn bad pigReis.
ang_t hat Chein reagialsesush acangiftdic rgentshre siracaresn seyl bd inbivpd withoi Sk eitdctingrembtvensi | e
strengt h thhabmmwoed.d be characteristic of the same m croporous nmaterial nade
Wi t t20.a nUbe entronepunghaet ma@lidasither, befdree o afterrsamaval j ofi dhecaddiivd eomplaend, may be

st r et chabfurther ynodified: byetherienogifingrteneon ebany ohaipfsr veriete ofrempostiioes. by anysing gf avariety
nucl eat i ngf 'HGWheoaiRg Y ¢epasition dechpiyues. dior ea@Pips tag BYCEAPPEYE Wipotanatasiph My beceaplpd of
m cr opor ofiéh RERlERY ¥PY JeRPEIeD POFRYIQIAK HSTIAUeSS IR Mak Berprated Wit adiRsivess payegus of
agents whp “r?"‘FP&%"é‘ tpatng qoBaPRiionss &F fyest W%go%gww%m rségbﬂf'e’?@“"e"m"a'

{i%on uawc&e e gme s, b Cany ots
e ool g 3 &fﬂﬁ%‘rp o o gy %fﬁw%ggg Db ?2

nucl eat i g ; °' " ° '" ?ﬁ n%wmggﬁefs& vl &eﬁzyvde %4. epa%easts ot a&t&e

di oxi de ( Th&2l, uFS‘E ichPitEibd lhs
It owill, bﬁuckHBd:%Ct ad‘m tbraats g e v
of . exanpl gcoHitlu¥s s&ﬂdas ndiky, SBQ! Wi §rt b\} §th5}%cﬂnﬁﬁé &6 n&tSdestroy or

conpr ehenghitiise faR6d wnw.b%a&;é.@gr HERIN oI Fbrd¥RY orpBridiiBs. | N connection with
t her nopl as- 786 midrbgorcl® inaiERsIS othe pis8idnt inkeBN mayttterfiyed InSH WIS vitefytof ts@uations

Pr &pAar e NMivhsr® P OtiSroPaRGUET diradtGres Bro AREIAI HANEEMPM, (theyt &y Py @ssanh theMigaittiaBon. of A
mel t blsendeididan dtier, es afiffusitve barhi@s, N s asppdratorp @ yiswwochemiteli ¢alla cFuaitanpbesn chay dad
nucl eat i ngmangedte pterfratatials pnd frarladnate’may e dilisgrte ifown stidheartialasras ramlogts bt etedled
m xt ure" peéreeas of caniping qauibyend such@e tgts and] sleepind bagse Msamicrappreug shaetstif dhedbresent
wherei n ainvéniersmay #iee solapingied Rredvavemglei ace egriwoven fabfiesugh s @ nonwsean; sciim.pic,

or |T™fui d™3p be yisedt e prqueedn%:éis@,caetﬂqwgrofagtmsarrnﬁntsfarcweafowatnpm @r?dhﬁp'ﬁli it o reg
may ei t‘hePeBEnE r?‘eﬁ'hé"f’m %fu'P PNSt AP JEN BT, WheER Y 'E!’et!;‘tcé!ts@'"s qepEaA prgelepotiet he

nucl eat i %‘ 8:295% 5 'saé':‘)gylbszg "t Hglﬁ?ﬁ ;(SS‘PT'HW@?‘?“?T] o §paning ?f‘?“ésag?ﬂ' rgéﬁls t he
tall ' cofigption §
gégzt a s h:) ? ﬁzI tl?e o mal surﬁlc egfmga ggi"%g rhegécal tfogﬁﬂl%osg

u
ordn ar kll mtthe a will rec nzet at ere are an [+ er ses for roporous nals made m
gﬁger ol recoanzs LR et erey g o e e

I nduci n4? g&x wht nuc

s a so OYRoh b ety Mnat o %&a&gg Ftnu(eﬁa;soxméhhsv M‘ge mfat&rdamse' t

bl ended Mgl WeQresbr idvbitiod. Uhiebd Shéthi€e shecifiddl all Aarts!akh lvfo RlEPRIdwingt NE

nucl eat i NgxARPRBLrelty waighd qui d at some poi nt above the cryst allization

t enper at ur e AfindidaRd MerodMRE useld18 nudiBlidg dabr2 HORELrdlned Withhe FrERnt ifvehtRE bighftadly

| i QUi d 56 OkddfsbedNhed holyHdr YpRdiuliteC AEDBALNGkmS Aip6h Byistiieaoh 1 ORI bleniBE miird. As an

bl ended mundxpdctedC REPY | E@Bicdnty Mighd bRt cpapdubd pncamtiagdtis & bdi@mployed in the

cryst al | i palph@/atidiee rmombasd isgstems of the present invention. The following Examples 1-8 illustrate this
effect of increasing the possible additive compound concentration when using a nucleating agent.

ss Examples 1-8

In Examples 1-4, which are comparative examples, four different molecular weight samples of crystalliz-
able polypropylene polymer (having molecular weights of 106,000, 132,000, 240,000, and 243,000, respec-
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polyner and 85 to 20 parts by weight of the bl ending conpound. The
nucleatlng agent represents fromO1l 40 to 5 parts by weight per 100 parts
by wei ght of said thernoplastic BRlo 8 sewpyh the nore presently preferred
range bei.ng fromabout 0.2 to 2 parts by wei ght. The nelt bl ended m xture
is prepared as follows. First, the nucleating agent and the thernoplastic
pol yer tsey add yvaiizbie vdded tm&awdsidsa;tiozfsmioermaﬂ. Fo@t 301d0Pro-fae 6B afdAretax §223t hi S
pol ymer /reepedtieady. ifog ExkontQuiereicals HauthedTeximand| Himait Ingorpusatish Witdingtam dPelehvare)osrebi ned
m Xt ur e Segarfighn exiddeadpt amelt tamperatuteeof pledut 205¢C top aRerstorflflemofivip lserew extuitey|fiiedz abl e
pol ymer .with3 30.5 cmiby\f.4|mmp glit g eting e grotitioned abRve fvRier@kench iningaiptpingsay plrput

al t er Aat¥ 8&FyThp golmRrRYgna s otiheach pidpampier thmisdethintoftheraxiruder pnd thpexiiudey wes and
bl endi n@PEBYH BLAPAUt EFaT amigun ?“iOP@P"‘rf?tﬁéOcPf%'@% £ Flgy calipciod o e raig e |3t A g

bei ng adﬁé@'“g‘ﬂb%’@\dﬁ%‘ﬁ‘t’?' ‘}?@F Ql (@vailabjpangder d’@r"aa? d‘?ﬁgﬂ?‘ﬁ ApRaRh d“?‘(}?}?{fﬁ hé not
bei ng cr‘% %’ﬁ‘fe f‘°% Goy, "' g\ " oS, éﬁ Ti-dre and
in Ca;St i( ¥ sc:l:)u an am oqygolt a f uttha he |th SI Ie ';tlfr?gral Ot gnceiéﬁl;?cﬁeév mel t
Flefpij é),? mi e wu % f elnﬁémr& fﬁ vgv&f'g vu?é use U rﬁq ugeful lr& nf

1 e§<|n or. cn&bfr;[r%y

pol ym‘v‘r r%ﬂé?t@lfnﬂ\‘éé] 9{ Mé e%ar ml%rﬁ‘sﬁx'a was Si6tlHeli Q6% }SrdQEto QF\&P&\Etead
casting tﬁefﬁlm%s %FJdb rneh Ghc haﬁmawa§ Skbd 1.1, Y RAlorbdtD b GpbiR 2t mRheNAed

M Xt Ufs€ 6HaRIG SdviRa i $1Gor & byl thd RAGbIRLRAN VRGN at rddaStEleRelir: TRPDABMIALM Bdibnt
nucl eat i giGniRg:e Bl -whiok REUTEbd) Griedd With b5 (RblobyidHe BampPIe |4ATeN SHEGUES ¥ eletull e i< ast
articl e regortedmlTassle | Bolon, flohgMath ol ipartindnt ddta REIMIAPEdaRbles 1-&Mper at ur e,
preferably between 60 C and 225 C below the equilibrium55 nelting point
of the pure crystallizable polymer, to provide a proper cooling rate. (For
exanptoe, for pure pol ypropyl ene having an equilibriumnelting point of
[err] a cooling tenperature between 40 C and 60 C is enployed.) Sone m nor
degree of experinentation may be required to identify the appropriate
tenperature range whi ch produces optinum phase separation for a particular
pol ymer/ bl endi ng 7 EP 0 273 582 Bl conpound/nucl eating agent system
this #eing well within the capability of those skilled in the art once
apprised of the present disclosure. The attainnent of the m croporous
materials of the present invention is dependent upon the rate of cooling
and the type and anount of nucl eating agent enployed. During cooling, heat
is regpved fromthe 5 nelt blended m xture until the crystallization
tenperature of the crystallizable polynmer in the nelt blended m xture is
reached, and solidification and phase separation of the polyner can begin.
Cooling tenperatures greater than [err] below the equilibriumnelting point
of \vhe pure crystallizable polyner cause too rapid quenching of the nelt
bl endgd m xture and can result in single phase filnms, which, although
strong and transparent, are substantially incapable of belng render ed

uni formy mcroporous by stretching. Cooling at 10 tenperatures of |ess

t ha 60 C below the equilibriummelting point of the pure crystallizable
poly provi des for too slow of a phase separation (crystallization) of

t he chstaIIizabIe polymer with the resultant formation of relatively

| arger spherulites, thereby resulting in articles which are weak. However,
the use of a nucleating agent in accordance with the present invention
substantially accel erates the crystallization of the polymer, thereby
resultlng in a nore uniform stronger mcrostructure 15 because of the
reducéd spherulite size. The smaller, nmore uniform mcrostructure has an

i ncreased nunber of tie fibrils per unit vol une and allows for greater
stretching of the materials so as to provide higher void porosity and

greater tensile strength than heretofore achievable. Reference will now be
made tp the apparatus of Figure 1 in order to illustrate one preferred

nethod for

55
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practicing the present invention.

The crystallizabl e thernopl astic pol yner
and nucleatlhg agent are first dry 20 blended together at

roomt enper at ur e

and then introduced into the hoppegp 4279Eg287 €xt ruder apparatus 10. The
bl endi ng .conpound is fed by a suitable feeding device 13 into the extruder

10 via a port 11 in the extruder wail
extruder exit 17. The extruder .preferably
which are respectively heated at decredsi

exhuder exit 17. A slot die 19, haV|ng<a

mcroneters, is positioned after the ext 8
utilize a SU|tabIe m Xi ng devi ce such &2
extruder exit 17 and the slot die 19. tfh

where used, the static nmixer) the mxt@ge
and nucl eating agent
the mel{ing tenperature of the crystallig2
thermal™ degradation tenperature of the pg
melt bl ended nixture that is extruded tN&

i nternedi ate the hopper

is heated to a tenperature at or -at

12 and an
has three zones, 14, 15, and 16
hg tenperatures towards the

b 4ot gf 25 to 1000

der ~ | «s also preferable 25

h St at i & xer 18 between the
passi ng t hrough the extruder (and .
of polymer, bl ending conpound,

| east 25 C above
hbl e pol yner (but bel ow the

yner), -and is mxed to forma
pugh the slot die 19 as a |ayer 25

to

into a 30 liquid quench bath 20 nMrﬂéﬁ pd—at- an soi tabl e tenperature bel ow
the crystallization tenperature of the &E/s'f'al“ﬁl izabl e pol ymer using a
sui tablg coolant, e.g., water. In sone §85t8nfes’ @.9., where nylon is

enpl oyed as the polyner,
extruder before it

it is necessargg®

phaﬁhéseparatlon in the sheet. The coole
bat @to an additive 35 renoval bath

di ssolving the additive conmpound.
be used in bath 21 where the additive co
oil.) The filmis then directe
and a transverse direction St tching def
roller ®24 for winding into a II 3;-5655;
the apparatus of Figure 1 is,
present invention preferably ﬁ‘sse§s=argg
kg/[err] and usually 50 kg/cn2 or hmghe*w
strengtf of the crystallizable pol :;:meo aenq
the extent of stretching, and the various
are rendered m croporous by stretchisng ug
devel oped or formed,
(el‘engation) of about 10% Stretchify,tds
area insrease of 10%to 1200%is ty g
required will depend upon the parti m

QiEg 2

(For ekhrdl & QA

3G P

typically to olff gi.nght

o0 cool the solution in the

reaches the die to a tenperature as nuch as [err] cooler
than, the equilibriumnelting point of thefpure polyner,

b

in order to obtain
Imis then led fromthe quench
gontarni-ng a sol vent capabl e of
2, 1- trichloroethane may
ound to be renoved is m neral

to a machi ne-direction stretching device 22

ce 23, and then to a take-up

Ni N0 . tyo directions as done by
P&l opgd . ;40 The filns of the
hst| e st rtengt h of at least 10
dependi ng upon the tensile

pl oyed, the zones of continuity,
process conditions. The articles
il mcropores are permanently

ol @asy @8n increase in length
brgvides a 45 elongation or total
TRe-actual anmount of stretching
conposition of the article and the

degree of porosity desired. Stretching may be provided by any suitable

deviice which can provide stretching in at
proJTﬂe stretching both in that dlrectl%

StretcHPng should be uniformto obt ai @ N f er @ andocontrol | ed porosity.
The microporous sheet materials of th8 $hes8nE iSv@nti on,

di mensional ly stabilized according tacg
such as by heating the stretched she®f>
stabiliging tenperature.

t he present
m cr oporous nateri al
2-3).

| east one direction, and may

and in the transverse direction.
so
are preferably
egt knRdley well known techni ques,
i BeftyiS restrained, at a heat

Referring t»$the&|photoneter shown in Figures 2-15,
the mcroporous nmaterials made with a nucleatlng agent

in accordance with

i nvention (shown in Figures % 15) may be conpared with a ss
made w t hout such a~pucl eati ng agent (shown in Figures
(I't should be noted that the bl endighg conpound had been renoved prior

to takisag the photoneter of each of Figues™2157)YAs shown in Figures

4-15,
random y di spersed,
pol ymer,

equi axed,

the mcroporous materials of the pFésent invention are conposed of
non-uni f orm shaped particles of thernoplastic
Whi ke lkachroé Egaptesdies. aliel wolgawiat veight of the polypropylene polymer was determined by gel

permeation chromotography (GPC) using a Jordi ultra high mixed bed column on a Waters 150° C high

55

temperature chromatograph. In this regard, the molecular weight was determined by employing a polysty-

rene calibration curve converted to polypropylene-polyethylene equivalent molecular weight. Thus, the

values reported in Table | (as weit as Table 1) are weig

11

ht average molecular weights.



EP 0 273 582 Bl than the polyner particles of the m croporous materi al
shown in' Figures 2-3 where no nucl eating agent was involved. Figures 4-15
al so, shown that the particles argpgPasedsgy0m one another to provide a
network of m cropores therebetween, wth particles being connected to each
other by fibrils which radiate fromeach particle to adjacent particles.
Advant ageonsstated, Ekegnplod ITBicdre @brelly ichrhparfived@amplél, bndvshbuldiee eotthatedh againet Exadhplaf
fibrils 58 which igyolya theyuse nhamcieding agdnhie acdociame Kt the praére inverition. Bibnck] Bxanges 4- 15
over thé. hat end 3erfcofidugad ientigally to Blamplasidi 2, iByandclo repragtivdly neith theesalecaxoaptich f r om
t he mi crinbenedipatingagent wad empleyef! iesach of fixereptssir&: Ferpitis ouepse labaut 0.88%6 by veight por med
onl'y &f a feenadifipenserbieo! puriestingasaeqli @Yeilablecrasm Mifign Slemical jundes tivo asedesignaéone n.
Renoval Mjfadt3985) ceasby) Rigndedywitdhe, By ipacherivmsy befareviptraducing: the, eplymer, into the

vol at i | i%¥81dpio A9 thebigheg) aeesible; pinerahgilegoncepistions drereiRtemind waseA 'Efld filth¥eeen
renoved, TR TP syt shampes 5P 8Potre R Lt 5P\ ¥e i nbi bed, if desired, with
10 various materials to provide any one of a variety of specific functions,
thereﬁy provi di ng unique articles. For exanple, the inbibing naterial may
be a liquid, solvent solution, solvent dispersion, or solid. Such materials
may be inbi bed by any one of a nunber of known nethods which result in the
deposition of such materials within the porous structure of the m croporous
sheet,; Sone inbibing materials are nmerely physically placed within the

m croporous sheet. In sone instances, the use of two or nore reactive
conponents as the 15 inbibing materials permts their reaction within the
m groporous sheet structure. Exanples of inbibing materials which m ght be
enployed in the present invention include medi canents, fragrances,

ant iNsfat i ¢ agents, surfactants, pesticides, and solid particulate materials
such as activated carbon and pignents. Certain materials, such as
antistatic agents or surfactants, nmay be inbi bed without first effecting
renoval of the conpound. 20. The m croporous sheet material, either
before or after renoval of the additive conpound, may be further nodified
by th® deposition thereon of any one of a variety of conpositions, by any
one of a variety of known coating or deposition techniques. For exanple,
the m croporous sheet material may be coated with netal by vapor deposition
or sputtering techniques, or it nmay be coated w th adhesives, aqueous or

sol vept - based coal i ng conpositions, or dyes. Coating may be acconplished by
such ot her conventional 25 techni ques such as roll coating, spray coating,
di p coating, or any other known coating techniques. Sheets of the

m croporous nmaterial may be coated, for exanple, with an antistatic
matefi al by conventional wet coating or vapor coating techniques. The

m cr ogorous sheet nmaterials of the present invention may be |am nated to
any one of a variety of other structures, such as other sheet materials, to
provi de conposite structures which include the 30 -m croporous sheet
matgrials of the present invention. Lam nation can be acconplished by
convéntional techni ques such as adhesive bondi ng, spot welding, or by other
t echnf’ques whi ch do not destroy or otherwise interfere with the porosity or
treate undesirable porosity or perforations. The m croporous nmaterials of
the present invention may be enployed in a wide variety of situations where
their mcroporous structures are useful. For exanple, they nay be used in
t'he ugtrafiltration of 35 colloidal matter, as diffusion barriers, or as
separdtors in electrochemcal cells. Further, they may be lam nated to
other materials and the lamnate may be utilized to formsuch articles as
rai ncoats or other outerwear or canping equi pnent such as tents and

sl eepi ng bags. The m croporous sheets of the present invention may al so be
lam ngted to a woven cloth or a nonwoven fabric such as a nonwoven scrim
whi ch may be used to produced a di sposabl e protective garnent for use, for
exanple, in a hospital or in an 40 electronic clean roomor in other areas
such as where caustic chemcal spills may be a problem The m croporous
sheet materials may be further utilized as filtering materials for cleaning
anti bssotics, beer, oils, bacteriological broths, for sanple collection in
air analysis, and for collecting mcrobiological specinens.
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They may also be utilized to nmake surgical dressings, bandages, and in

ot her eritJi cal applications. Those of ordinary skill in the art wll

recogni ze that there are many ot hep ¢/885sgh@1 M croporous materials nmade in
45 accordance with the present invention. The foll ow ng exanples are given
to show m croporous materials which have been made in accordance with the
present,invention. Unless otherw se spggified, all parts and percentages
set forth in the follow ng exanples aresby weight. As indicated herein, the
use of a nucleating agent in accordances wt t;he&pﬂr;esent i nvention
significantly 50 reduces the polynmer sphefuri e si-ae that forns upon
crystallization of the nelt blended ni ¥ &fec & dinounexpected result,
significantly higher additive conpound®@ofcentrations can be enployed in

t he pol ymer/additive compound systenms @ {he present invention. The

followi ng Exanples 1-8 illustrate this effect of increasing the possible
addi ti y(éxcorrpound concentration when usi 8 a nucl eating agent. 55 Exanples
1-8 In anpl es 1-4, which are conparati¥¢ exanples, four different

nol ecul ar wei ght sanpl es of crystalliz-xe&bl e pol ypropyl ene pol ymer (having
nol ecul ar wei ghts of 106, 000, 132, 000, 24 , ®0& wnd 243, 000, respec- 9

EP 0 273 582 Bl tively, and avail abl e dhfigrt e RrBde desi gnati ons Exxon
3085, Exxon 3014, Pro-fax 6823, and Prd@f&hx 6723 Tespectively, from Exxon
Chenmical s, Houston, Texas and Hinont |@&&fporated, WI mngton, Del aware)
were separately extruded at a nelt tenperature of about [err] on a
Bekstorif 40 mmtw n screw extruder fitt®d with a 30.5 cmby 0.04 mmslit
gap, sheeting die positioned above a watefiquench, tgnk maintained at about 5
37. 8C= The pol ypropyl ene sanple in eachgbf Exanples 1-4 was fed into the
extruder, and the extruder was operated a @beutm am227 cm m n t hroughput
rate to produce a filmcollected at the te of about 7.6 neters per

m nute. Sinmultaneously, mneraly oil (avail able under the trade designation
Amoco White Mneral Q1 #31 US® Grade fr8 Amoco Ol Co.), having a boiling
poi nt 8F about 200 C and a vil§cosi fFSAIE % [erk]o(80 centistokes
(standard Saybolt viscosity ofgjabo8ty 3@~
the twin screwto extruder tFEtougH S _j
the hi ghest possible nmineral oil clmegm@ation was nixed with the

pol ypr gpyl ene sanpl e that woul d stel#¢oprovide a useful film (A useful film
is considered one that can be oriented in one direction to at |east 10%

wi t hout breaking or crunbling to thestoueh.) Each pol ypropyl ene/ m neral oil
melt was extruded in filmformand Wh® s8] ebckede 18% i n order to show that

a beful filmwas produced. Then eadhyf$bin Wass sdaked in .

1,1, 1-wvsichl oroet hane for about 2 mi}h&tE}i f? & 15 restraining device in

90 W at Lerr] was introduced into
ettonepdrt at a rate such that

order to rermove the mineral oil, and@&2&l at roomtenperature. The maxi mum
percent of mneral oil which could be mxed with each pol ypropyl ene sanple
andstill produce a useful filmis repogted in Table | below, along with
ot hefl” pertinent data regardi ng Exanpl es’g‘aac.;l 4. 25 30 35 40 45 50 55
. 40 MU M| O O 0 ©
B8O 0 o O QO O
-4 Ow o O O O
SN - - - -
UL ME] W 8 © m
VODID O M = <
L i Ko K | - e~ N N
QVOOo
45 EZT M
o
o~
[oF
]
] 0 O~ X
50 Lo
5 _

It should be noted that in Table Il above, the small percentage of nucleating agent employed was
ignored in calculating the polymer and mineral oil percentages and compound/polymer ratios. As seen by

5 comparing the resulis tabulated in Tables | and Wi, the amount of mineral oil additive which could be
employed in making the microporous sheets of Examples 5-8 increased dramatically when using a
nucleating agent in accordance with the present invention. It is noted, for example, that the compound fo
polymer ratio for Example 6 employing a nucleating agent in accordance with the present invention was
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10 EP 0 273 582 Bl [err] In each of Exanples 1-4, the nol ecul ar wei ght
of the pol ypropyl ene pol yner was deternined by gel permeation

chr omat ography (GPC) using a Jore"@o%&%@%ai‘gh m xed bed colum on a Waters
. 150 C hi-gh ss tenperature chronmatograph. In this regard, the nol ecul ar
wei ght was. determ ned by enploying a polysty- rene calibration curve
conver t @6but BA7R0N YHalcORPUAS & foBIMEPtatiy ERDBe€ bk EofdsiRRding BamPAr btiva Exampled Honcd N US,
t he  val demnfagpiatrbad i the daiUnCoflcofpimdVilabhicved dyadding al rudleadifigagert, Hlrebyaprevidrge

nol ecul &t capdbijtyt of .producidgPa @id2 %3ich8& niddropdeous imatesdls wilbxa wiplk esriely- ¢f uasial poesigl y
conpar aranges apst aihy| pecpertienehichivexd tbrdiddore aovpassibld. agai nst Exanpl es 5-8 whi ch

i nvol /e t hidse whaorgi€rographe ©f Eigires4)1ailetéte ithe serelixo petichr sizegiand intrlagse nerstesn of tie

i nvent i fbrils pgs ik yolenypitheare Bbtaiged When asidg 8 nugigatingcasciLit endrdarbe mith dhe prgsepio
Exanpl ednventiorp From thegsphajomieregrprist if iy estinatedljthahthe e of 8 Inecleslingeagent Gervestaredyce

nucl eat e aﬁ'ﬁ'@rﬂ?ﬁh&é"’éﬁﬁ $57en tocaeepse fherwmhgy| qb dibrils ger upih volypg b i3t dessle,
about 08%)9@RY 0\iRTegeR the fengih obthe filsils bywpitejpt frasta B9 Thete sHRETRIRe% %‘Fé‘r\‘iaﬁ
(avai’f af)) R PHATNG 5 W%H.eéﬁ&?ﬁet?a‘fb_“'ﬂn‘ﬁé*?e PHErru a:s‘%%%ﬂ@h%@%%“ iRy 79 05)
was dry 'Y mplp t"r‘?"lphae?'z_g% 9 PSRN e LB SYRIEPO e PP Y S RAHE hiER 'S

pol ymer FIE T8 PPN Y& Agai n, "t he hi ghest possibl e nineral oil

concent rat | were determ ned where a useful filmwas fornmed. The results
of Exg 8 are reported in Table Il below. 10 15 25 30 35 40 45 50 55

12 EP Qn 2 enftpieBh mRFdpbrodd ma@fi lwitnif @nd194oB8 of RAL prbddnt Anon! WadhRYEN t he
smal | peEeRBEMnh BhaniphCh, G B Soie 8RB0 R RYBRImNES ol 9RO6RE in this 6abplal @k tnng
t he_pol ¥r@ipleanCo. 508 e diichzyid@heC SoMiBI@MIad N00sT AGTRALHIOAdRR Wd¥BImplobd, GRd tHS
seen by rdnfmind6rGrEe dbliyhigr.) tah @thbie@bdiiions warb iedtic@do thbse Liddd iR Exdmpid Thd resdifam fimpount
of rMsheah tas bxat@E| &s wel whiids 6@ LExamie 3 @l tanypadkoh PurpBdes)Ngert Relvelt FRDPOMOUS
sheet s ofi,1lisafoplivesnibutés inrcregabing ddvicnatrenaas lthe mihes cilsandgvese therctirgdtal mgmagent
i N accoraipasereniTtvd filtns @repered dndccordane ittoBxamble 3j (Blmis @t and ,B) faad sie llensprepared mat
t he. comgcp@migncp(yvith this Example 9 (films C-H} were stretched different degrees at about 132°C in order to

compare the various porous and physical properties of films C-H made in accordance with the present

25 invention versus films A and B where no nucleating agent was employed. Comparison films A and B were

stretched 10% and 50% in one direction only, with film B failing or breaking during the stretching. Film C of

“the present invention was stretched 10% in one direction, and thus may be compared with comparative film

A. Films D, E, F, G, and H were stretched in two directions in order to achieve a percent area increase of

125%, 300%, 525%, 800%, and 1125%, respectively. The porous and other physical properties for each of

30 films A-H are reported in Table lii below.

45
50

56
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polymer ;ratio for Exanple 6 enploying a nucleating agent in accordance with
t he present fnvention was 13 EP 0273582 Bl about 247% of the conpound to
pol yprer ratio cal cul ated for COr I 5@ Oé;pnpar ative Exanple 2. Hence, a
dramatic .increase in the anount of corrpoun Is achieved by using a

nucl eating.agent, thereby providing the capability of producing a w de
variety ,of mcroporous materials wth a wide variety of wseful porosity
ranges and ot her properties whi,ch were heretofore not pos%sible. 5 The
phot oni crogr aphs of Fi gur esd S5ai |l | gsiqrgte ghg small el pParticle sizes and
increased number of tie fibgia ge& gnk t~v3|ans whi ch ar& obtai ned when

usi ng @ nucl eating agent ifeacdordance wth tThe presenf Lnvention. From
these photomicrographs, it is estimated that the use of §1 nucl eati ng agent
serves to reduce the parti cﬁ'.e' ize by dpote a8tol east 85% to increase the
nunber of fibrils per unit §§3Ing wpstg gt=l gast 815% ;and to increase the
| ength of the fibrils by up"’t;d" at | edst 700% These surpfising benefits are
at least 10 in part respon5|t3'1e for the greater stretc%aeblllty of the
microporous materials of thegpresent invention. The fofl gw ng Exanmple 9
enphasi zes the dramatic incH egin stxesclaBigity of .Ehg m cr opor ous

mat eri al which is achi eve(ﬁgghé preseén® En%endtion. Exafiple 9 15 In this
exanpl g, a mcroporous mat®rFal' within the scope of thg present invention
was made in accordance with rrple 7 with the sole excgeptlon that 52.6%
m neral oil was usedlnthls%% A1§ En3Ekanple 7 §.30% of the

di kenzylidi ne sorbitol (M1l atf 3905)"'n'0 e’atf’n@ agent ‘.Wa‘s enpl oyed, and the
remai nder was polymer.) Al other conditions were identigal to those used
in BxAmpl e 7. The resul tant Eitims 20_fromthis exanpl € as well as filns -
from Exanple 3 (for conpari sgmpnrposeg% getessol ventsvwgshed in 1,1 1-tris
for five minutes in a restraiBndng device to reriove thevngneral oil, and
were then dried at roomter‘rBerature Two films prepare8l L‘n accordance with
Example 3 (filnms A and|B) apd -dix fitng grepgred in acg,qrdance with this
Exanpl €9 (filnms C H) otere Birdt Ched™dif Tefefit “degreesi gl about [err] in
order to conpare the. ri ous porous and physical propegtées of films CGH
made in accordance w t he Qgsgnt 851 gvgnLign versug ¢ilns A and B where
no nucl eati ng agent was enpl dﬂy& g Conpar.hsqn.\fbl ms A aad"B wer e stretched
10% and 50%in one directi onvcgl % weth FiTmB faili ngu% br eaki ng during
the stretchi ng. FilmC of t he present invention was stt:e.t.ched 10% i n one
direction, and thus may be cegngared WI..Ih, c,orx:pa.ratwe fgImA Films D, E, F,
G and H were stretched in tWE{dEr §cki 8n8 dngoRder to gci eve a percent
ar&« increase of 125% 300% WEESAJ =800%) “afdt1225% re%pactl vely. The

por ous ;and ot her physical properties for each of 30 fin§ A-H are reported
in Table I'll below. 35 40 45 5% 55 14

] ’
U
24 b QO QO O N O NN O 0N
KU AN - N O N O
: [+ . - Y O el
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40 ?:'
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Example

From
No.

o
o
Film

Film A vas used in the preparation of
used in the preparation of the photomi

Figures 14-15, respectively.

* Sample broke during stretching

< 0 UV 0O W\ G O

In Table W above, the values reported for "Gurley Seconds™ are measurements of the time in seconds
that it took to pass 50 cm? of air through the film according to ASTM-D-726-58 Method A. The bubble point
55 values represent the largest effective pore size measured in micrometers according to ASTM-F-316-80. The
density is a measurement in grams/cc and comes from the specific gravity measurement determined
according to ASTM-D-792-66. The void volume is calculated based on the measured density of the porous
membrane and the given density of the polymer, according to the following formuta:
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EP 0 273 582 Bl [err] In Table Il above, the values reported for "Gurley
Seconds, "are’ neasurenents of the time in seconds that it took to pass 50
[err] of air through the film acg,oﬁ%flgaé& ASTM D- 726- 58 Met hod A. The
bubbl e point 55 val ues represent the largest effective pore size neasured
in mcronmeters according to ASTM F-316-80. The density is a neasurenent in
grans/cc and conmes fromthe specific gravity neasurenent determ ned
according to ASTM D 792-66. fThe ' u ' | Gl based on the
measur ed densi ¥918f VPP‘IE’“ﬁO’FéS’ Wa%u\égh il axfé”‘_;fe‘ﬁsi‘ ):Ei%‘]/o’of t he

pol ymer, according to the followng fornula: 15 EP"0/273 582 B1 Void
Vol une = measur ed nmenbrane density 100% gi ven pol yner density / The
bul k t ensi The byl reasilgstiengiing e Pprepnt elargaliancah braek wie Asaswpderkaniesren Meded 1t28d on
an | nst PER0B R ASTMED882. The iy tersileasiiept-ralgtes torHie RelyMes mavis fienolh avdrisngt h
r el at es %8N8 Uit Ysieloning i@ st rength and is deternined using the
following formula: 10 Matrix tensile strength ( bulk tensile ,.
stren’@th x 100 100% - %voi d vol uma/( 15 The val ges rejorted in Tabl e

11 under "9M#tebx | tai€AKe'stirepgeRes cnggse for the
films which were stretched while hea stretching,
each of filns A-H was cooled to roomtenperature, and then each of the

fil M vas agahilesShidRbd el GRMSr &, TARRlihRRsAGERbhEL bdtcohtagd Hrk) inB8sse it | |
br eaki Nghe bk whicRArdkd d@idRda B HEkted Gt 1320 EEAseNLURH sttdidhing.ldath &@imsSt Wad Blbled
exper i ercsh RfriperatreDirdaidnEcr & tHeQMRY weR AgdiMstbRRddan brol dirbdhBiPsccordifig 6l AST@Ial-i on
at \Br ealgad' un8(breaking. A%is 28@ibnal Amdaid bitstrdtdting that ki® dobig fildrX atrenced baR® tidaking shed
3. 5 t i magoited i€ Bedle 1l iddeC'% Bldngabonas Bieak.1 NCrease its area by 1125% yet filmB
of npl eAs3eeaul Teblai fildy &1 o Exapipiehiedlast shetoned @.5ttires inccaGOditectioe 80 asio Ine@S its
Wi t hout afer bg tl t25%p el ffiln§ of Bamele @ranid nptdm strgtctiet! ftausore dtae 8 S0t araarinsregses@thout
st r et chéitst riptugingahiihishdrargatigalili itustsatesh the Lindrepgeda stretebibilitit whigh Bgaahlevadnbyagsior dance
with t heuc;baaé@eawnfiim@ﬁvmwwmem@# ,invenﬁm-d@fqomﬁ-g?emé? fapQ?rQi;PRre?tvwa‘P%Fe@dand
physi calPhysice)peqppiiessis joktaipgst i jeprbipt F'H‘Sé’a'd-ﬁhﬁby fProvigigg pumeroup Ressibliies §f taretefPrag
nunerfdudmi9sidy Picroperpusdilps hayiag ét"ﬂﬁ"d’ra%ﬁt\Qg pofoph ¥ phyical pipReriieh 8 ibepioworthy,tpat
havi ng Wi ay's st 9&9f°f{5 ?fugasawa' ﬁéT‘? s Pegpr g%'ﬁaga X donsile; streagth, of WAt hy
that the’l "fef-i%?"af"éﬁ% 3589 ¥1T ¥9NRaS W61° FrPYR Y 3t &Preds ROy dnaiPe M ¢33t he
X oy G By e MU s URRAL b DBLERRNR, S
wer e Gl ndby, %@e . ﬂ%ﬁ% Hio. S P8 EL Lol Bt Y ol Al o Radrey LY
I'n ordenqd.l HINds, GoaihidinG 3b ,bi(ol' Eié 35& i BRorathcd Wi InB Prelsbist | vééfso G %sed In
the presiBhod VSN0 Ad i Abb&A A ugtEdf 8 Fhteae NJ1 358 e reﬁa&ﬂgiﬁs bloY
Pat ent  NQaitufb, and FoseRB in Waifn WAL b Wt be YRdidhEd M%pﬁér&rfatﬁﬁ {&Fthé“ibﬁéh?%'fﬂﬁk of
aget s, eRanpRlsyso SHaDBNBdW, Thdd8 ART D hicRatindbber Ch RESord@kdeCuitni tRe FFeséHt GRBABA,WI t h
t he pgeprticels Ay bicBdsiuldnélopbicts mARRAd.€d as Exanpl es 10 and 11 bel ow.
Al t hough U. S. Patent No. 4,539,256 reports that its Exanple 4 was a failure
and r esudngtbsitdaad f1i | m whi ch coul d not be stretched without crunbling to
the touch, the filnms of Exanples 10 and 11 bel ow, nade with a nucleating
agentU i n dedwerderoelen thehprotrdung rof Exampld hirehBi Batent 86 4.950.8%u wesdfolidwgth wth the
succe¥s flaipwird eeeniensoln SHanrieety, agoyt 0.30% (based on the polymer weight) of a dibenzylidine sorbitol
: {Miltad 3905) nucleating agent was first dry blended with the polypropylene polymer, while about 0.30% of

an adipic acid nucleating agent was dry blended with the polypropylene polymer in Example 11.

Furthermore, a 60:40 blend of Pro-fax 6723 polypropylene polymer: mineral oil was extruded at a melt

temperature of about 245° C. Also, in Examples 10 and 11, the microporous materials were melt quenched

45 on a casting wheel maintained at about 45° C instead of in a water quench bath. Suitable micropotous films
were formed in each of Examples 10 and 11, and their properties are summarized in Table 1V below.

50

55
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Exanpl es 10 and 11 In these exanples, the procedure of Exanple 4 in U S
Pat ent No. 4,539,256, was followed with the 40 followi ng exceptions. In
Exanpl e 10, about 0.30% (based ongplyeedaigsmmr wei ght) of a di benzylidi ne
sorbitol -(MI1lad 3905) nucleating agent was first dry blended with the

pol ypropyl ene pol yner, while about 0.30% of an adipic acid nucl eati ng agent
was dry. bl ended with the pol yproglyl ene pgl yngr in Exanple 11. Furthernore,
a 60:40 blend of Pro-fax 6723 gy fopylene pdlynmer: mneral oil was
extruded at a nelt tenperature, g out [rerr]. Also, in Exanples 10 and 11,
the m croporous materials were nelt quenched 45 on a casting wheel

mai nt ai’ned at about [err] instead of in a water quenchSbath. Suitable

m croporous films were formed in each of Exanples 10 agd 11, and their
properties are summarized in Tdblle IV below. so 55 16 ¥ EP 0 273 582 Bl
[err] As seen in Table IV abové &}t B ni creporgus fil me€made in Exanpl es 10
and 11,were quite successful wi fhe filh B&nple 10 Heing biaxially
stretched 3.0 x 3.0 (or 300%i ff both the machine direcdion and the 55
transverse direction), and the filmof Exanple 11 being biaxially stretched
2.5 x 2.5 (or 250%in both directions). Note, by conpa#ison that the film
of Exanple 4 from U. S. Patent Nosj 4, 539, 256 coul d not gven be stretched 10%
in onesdirection wthout crunb =0 the,toych. The vgrious other porosity
paraneters set forth for the fid gs<of Exanples 10 and 21 further show the
usef ul ness of the microporous Mm%ins forned in 1 7 BP 0273582 Bl those
exapples. If it is desired to increase the anmount of agditive conpound

enp|l oyed so as to vary the porous properties of the regultant m croporous
filmiermed, it is typically, fesirable to use the high&st available

mol ecul ar wei ght pol ymer ang® g§ § ewSxtruston profile sp as to reduce

pol ymer degradation. Fu@lherngrgell B hi glr c®npound a@ditive
concentrations can be acgkli e®d by using | ower nelt tegeratures, | ower
quench_tenperatures, andajalternative quench methods. ese features, when
conbi n&d with the use oféila nucl eat ing ageht in accordafice with the present
invention, result in a useful Spolods film an_exanpl e of which is given

bel ow i n Exanple 12. 10 Exanp§e§ 2;1n thi:§ exanpl e, a procedure identical
to that of Exanple 8 was foll@ wth the foll owi ng exceptions. In Exanple
12, anggextrusion tenperature or err] was enployed, amd the filmwas cast

onto a wheel, in order to achievg quenching, at a quengh tenperature of
about [err] As a result, a 25:7p#ratio of 243,000 15| #olecul ar weight
pol ypropyl ene mineral oil was g¢#i &ed ingfabgicating gseful m croporous
fiMfs. The |ower melt t enperat (¥ g} 2 ower ‘Guench tenper@ture, and different
met hodsoof quenching used in thi*®s"Exanple 12 are the fegsons why a higher
conmpound additive concentration was achievable in thyseexanple over that
£ 2
. o a3
\— < & @
ot <3 L
40 oy T o~ -
£t = © 13} -
Lol B e B L. o
& b IR 4 ~t
o N QO (8} c Fel
o [~ ] -t o] 3]
o ® O Q c w
vl Q w -t 3
g e~ o u
45 2 © o« _ 3
< W0 €
W e
« O™ L
L1} o2 - Q
e Le)] [+
g o -l -r g-l.;lr;: il
o - —t o M~
50 a -:a.v g

As seen in Table IV above, the microporous films made in Examples 10 and 11 were quite successiul,

with the film Example 10 being biaxially stretched 3.0 x 3.0 (or 300% in both the machine direction and the

§5 transverse direction), and the film of Example 11 being biaxially stretched 2.5 x 2.5 (or 250% in both
directions). Note, by comparison, thal the film of Example 4 from U.S. Patent No. 4,539,256 could not even

be stretched 10% in one direction without crumbling to the touch. The various other porosity parameters set
forth for the films of Examples 10 and 11 further show the usefulness of the microporous films formed in
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achieved in Exanple 8. The resultant filmfromthis exanple was soaked in

1,1,1- trtlchof‘oethane for five mnutes in a restraining device to renove the

mnegtal oil, and the filmwas drigpdg gf3 £g2@q t enperature. The 20 fil mwas

t hen stretched 75% i n one direction and had the porous characteristics set

forth in Table V below. 25 30 35 40 45 50 55 18 EP 0273582B1 [err] 5 In

Exanpl esthd®-et@ndles| ow, further exanples are set forth wherein a relatively

hi gh addi-t ifie 'sc@ﬂﬁm?utﬁd"%%@ﬁcwma‘tfl%ﬁ't"(ﬁa@"@elri\de&m@v@ﬂs Pngs 9 gy Berpgrovy

poI yet hyPrappgies of {hgdegytiant misroporpgs fim fprmed, i s3tymigaly Basirebie iopise dhe1iughes) qvgjiable
Exanpl es™alaculas weight pplymerpod ‘E’ exppion PP 8p @s fib’PgﬁéPO'Yf’éﬁhq‘i a‘ﬁ’"%ef'dﬁ‘?’"}i’(ﬁer age

nol ecd afioffe ungad B‘GlPP"‘TB'C? %Ga Pﬁja 'eheé'l Ry using) [Rwer TRl Jepreratiens, \pWes agepch

(avai | abP@p?ﬁ’f & af"hﬂtef"'f“ gavgeL M 59 L%% wih ")fr'f‘é? P c'?ﬂ'g% hst

Conpany, 24 Edﬂg‘i?g ,% ° iR 'S Reaserd ‘i"&?" Wé‘é" 82t H@amzﬁ ar?eel"?"‘“[ SEFAtHE" of

about 14 BFEPEMPstorff 40 nmtwin screw extruder fitted with a 15.25 cm

x 0.04, my.shi.tiz0ap sheeting die after which was positioned a chill wheel

mai nt al n bout [err]. In each of these exanples, about 0.30% by wei ght

(based upon, R q%rocmegmm@to Rat @ﬁ%‘dv@s'ﬁoﬁé&rﬁh kRl tollBWiRY BRbAIBES.
agent ( Mnléxadpie 98 e)(ﬁ@uo:dfe)ﬁp @RAS deaMct s 1olpsd, YR RY hiRN@s Reh ¥AB & WhEdH.Qf €
intr oducaru&no ek GueREHIAGITRIa duBhcR WrhRraRXS BILUBA 27 T s LleddR] /BB o Rebaaldod | ad
3905 sanpbieculan waigt poiadrodyieasipingal ol 3vad achinaéd ih @britaibgOusbliemiensbdrdde @ims. Bradovieh e
ext r uder mamempgetial Bdsr ajuerah adgeiatuied aftl dittprdk misthod ofigdupaching ated id tispExedple @2 a
sheet coarb ¢het regbors wiyy a bipieer obm@oalizddBiveb cameéniration pes achiemabieein U emanblameeulst v,

m ner al  aghlevedain dixéradtd 8 Ta desultanh imt fraad thisdexemhgle s evrketihin dd . IWhdhpreetMnaderdive O |
#31 USP Gingigeinfa rgstiaining deyia®ite refgve) they sinerajoil asioihe filmgrap @iiedtat gfomdgrpreratP@dhe and
a vu%é@sh'wvaéfhe@s stietchert 5% igropg direcog @ndtleadtiieopiie Sha(asteristies SSEWUIN Takle ¥ ety of
about 360-390)) at [err] was introduced into the twin 15 screw extruder
through an injection port at a rate such that a pol yet hyl ene

pol ymer:m neral oil conpound ratio of 24:76, 20:80, and 17:83 was achi eved
in each of Exanples 13, 14, and 15, respectively. After casting on the

chi || ®heel, each pol yet hyI ene/mneral oil/MIllad 3905 filmwas sol vent
washed in 1,1,1- trichloroethane for about 10 mnutes in a restraining
device to renove the mineral oil. Each fitmwas then dried at room
tenperature and biaxially stretched 3.0 x 3.0 at 85 C. 20 Useful filns
were fprmed in each of Exanples 13-15, and various porosity paranmeters are
gi-ven for the

&,
35
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films of these exanples in Table VI below. TABLE VI 25

Polyner;hﬂnéral Density % Voi d Exanpl e al
Rat i.0 [err] ) : 24: 76

0.074 - 92.2 30 €KY 2l b 20: 80

0. 056 . 94.1 15 17: 83 0. 048

94.9 As. seen from Exanple 15, it is possible to utilize as nuch as 83% or
nore by weight of additive 35 conpound ardeistill obtain a useful film

within the scope of the present inventiois S|F§ other applications, it may
be desirable to achieve a | ow additive c§"o§hd concentration. Exanple 16
bel ow provi des such an exanple wherein a relatively | ow additive conpound
concentration was achi eved. Exanple 16 40 In Exanple 16, a sanple of
crystallizabl e pol ypropyl ene pol ynmer having a nol ecul ar wei ght of 132, 000
and avail abl e under the trade designation Exxon 3014 from Exxon Chem cal s
was dry bl ended wi th about 0.25% by meigﬁfh(pased upon the polymer weight)
of a M’ 1ad 3905 nucl eating agent. The p@&-Yney/nucl eating agent mixture was
melt mxed with mneral oil at a ponproﬁ@ ene polyner:mneral oil 45 ratio
of about 78:22. Extrusion of the nelt blended m xture was achieved at a
nmelt tenperature of about 205 C on a 2.54 cm Wayne extruder fitted with a
3.175 gmdi aneter tubular filmdie gapped at about 0.0028 cm The extruder
was operated at a about 42 [err]/min thf hput rate to produce a tubular °
filmcollected at a rate of about 3 m nB& ST extruded filmwas air
quenched at roomtenperature, soaked in@a£™, 1" -trichl oroethane for about 5
mnutes in a restraining device to renove the mneral oil, dried at room 50
te rature, and biaxially stretched 1.5 x 1.5 for a total area increase of
125% at a tenperature of about 93 C. The a~gsultant tubular filmwas found
to have useful porous properties, inclauaiw @ CQurley second value (to pass
50 cnB of air) of about 527.0 and b@b§lquant of about 0.08 mcroneters.
Nucl eat ed pol ynmer/ conpound addi ti bhené% end to respond nore rapidly to
a decr®ase in quench tenperature an their nonnucl eated counterparts.

Si nce the nucl eating agent i ncreagés the rate of 55 crystallization of the
pol ymer, when coupled with a | ow quench &olne]t tenperature, too rapid of a
guench may occur, resulting in a single s film which, although strong
and trgnsparent, is substantially incapald 6f being rendered uniformy

m croporous by subsequent renoval of the“dnbund additive and stretching.
Thus, sone care mnmust be given to regul ate the quench tenperature and nelt
tenperature so as 20 EP 0273582B1 not to cause too rapid of a quench.
Exafipl es 17 and 18 below illustrate the effects of decreasing the quench
tenpersture for one specific polymer/conpoungf nucl eati ng agent system
Exanples 17 and 18 5 In these exanples, a prefedure identical to that used
in Exanple 7 was followed with the foll ow ngfxceptions. In Exanple 17, the
mel¢_blended m xture was quenched at [err]glargl in Exanple 18, the nelt

bl ended m xture was quenched at [err] The gesyltant filnms were stretched
10% i n*one direction and then s

ge!

Nucleating A
dibenzylidi

45

50

Example
12

In Examples 13-15 below, further examples are set forth wherein a relatively high additive compound
§6 concentration was achieved using high density polyethylene as the polymer.
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sol vent, washed in 1,1, 1-trichloroethane in a restralnlng device to renove
the m neral ‘oi | . Tabl e VIl gives the 10 porous properties observed for
these films, and conpares them tﬁ%&%édzléq of Exanple 7 made at a quench

tenperature of [err]. TABLE VI I Qurl ey
Quench . Seconds Bubbl e Tenper a- to pass. Poi nt

Densi t Yexampey@3-¢6 Exanpl e ture [err] 50 [err] [err]
(g/[errTy Vvorunme 20 7 [err] 320.9 . 127

. 648 in ExabBypl@s 13-15, a high dendit bélyethylene polymer Nading a weight averdiyd/molecular weightSs2 0

9.0 18 about 160,00q @ira] melt flow index dffabout 0.07 (availabid\ivider the trade deskfdGtion GM 9255 Fa fror3 25
NM - snobfmerisars Hpech$tcCaaweryy Heamipstet, MadStiistsy R&s SBudddbat roatelA teptperd8B\f RbBL6- 80
30 M5 Clve aoBrssterth 40 avpinascrawesxineder titted with 261§.25 coorn B0 @G| gapBheatipd die7 t o
[err] i piteExtiehwvas pesitioneia ehifl wheelmainiaipet-aiabpit 82 1@ In eagleofthasp eﬁpﬂm@&@h@é 0.80%re
respons EV Y’?I@'F é‘ﬁ’é‘é’o““ﬂ@ rR?'VWE’a"ﬁﬂh@ (v A dibengyligiine 1parbitah puglegting agentdMes IPRE) was

decl i ne®Y ‘“‘ 'Ve P%“ei?efaﬁd'“‘i"&“‘?t‘f"l' Gé f'}ea'i°é’"t°hé‘t‘-'hg‘€oe"f"dﬁef ch®osi ng
a qué‘hcﬁ""fe '° 9’8’& Yoy

t he desYV?se 'q”%? EK’ te e‘?"’ld 'at it
shoul ¢ i "F@z.%i %gg_iomm a:mz A o
17 and smm aﬁi & & )ae%ec Ual I e o me nthe

addi t,j Vg, &P Shylon bR S inoral 61 dSb AL Y
Criteriagg of 26 @&Im i aﬂe@w %fe{/é%t R eQH:CHfg@E& Yok F8Ia40 ! TS Sock |y¥] ﬁ?er
Pr esent cdsiEea i vihool( dath ToBipdthyleREminEer &m.naagsgagﬁm whes@,eﬁt Oldshbadth e

c ryst al tritratbdtaRe tof BRRL 75 Minfledin d lB&raRh YiBRde th RertdIE tHa QhidaTR lofl. EREDAMIWES then

| eat yieg 20@6rh tentpoRieb anfl Blaxidilp 3ketdnb@3.0MBlRAs5 -8y agent be capabl e of
| nd ¢ NQ  QIsyraitfimhd wet@forrddd it ba2h oDExainples misysmrvaraine bdresitg pyrarh@ér bz agvieDdr the
t enper atilms ef thesa exarples infTeuble & betot | ve si ze reduction of the polyner particles
over a nonnucl eated systemis achieved. In order to screen useful
nucl eating agents that will reduce the particle size or nodule size of the
pol ymer as it phase separates fromthnifiﬂirﬁldﬂhd additive in a liquid-solid
phasé separation system aolym@t Mimaialhas bpensilieyi sed.s Muid test invol ves

nmelting and m n a | abor I t plate gr of the
polynervmthaé%?p}%ﬁ f?a%gigliav“g&af‘ ﬁg-&-o e r to
.conpound addi ti v wei ght rati 24t appr oxi rrﬂt@H' 1% by t (based on
the pol ymer wei ghg) of the nucies8d ng agent 9o0be tested. 94I'fle fol | owi ng
Exanpl es 19-29 Ci%SCI’I be exarrplfzf such tesp §9s and gi v?{@e results for
vari ous nucleati'ng agents in vari ous pol yrer corrpound ad iI've systens. It
will be appreciated that, although all nucleating agents may not work for

eaeh gi vernsnghy HGHk ESREROY® 18 36slioE L1558 Thuck 18 6RSr o bi Weight 6 faBdite

Pr OViggle Sonfbotrdl ahbi ¥Rl 6btdifed (afi Rl withiR tir sEbgdl 0 heVYiAsXbit Gdvetion. FRF otfler GhMR&tions, it

nucl eat inag bé gesthbld\BLLcRle & 164 bddRié BortgdlindcoBdevitiorn [ERAmMIig BElbwOdrovidag sth @f ent

i nvent i exampnhepihaseldiVely Bw abditive compoaiiCddnshtrdidangsl selievd®- 29, about 0. 02 grans
of ;@ nucl eating agent (representing about 1% of the pol yner weight) were
_addkﬁ t Exanipput® 1.8 grams of polymer and about 4.2 grans of an appropriate
conpaand additive (a 30: 70 pol ymer: conpound additive weight ratio), and the
conmbi nat i dhExgEplertB| 2 samplecd cypializable pelyrsapiene pobym 8!1%@9 a nygfecilar wejght of rﬁ’%@oﬁ
forma §‘?ﬂ qygilablg undes de teaderpesionalias Ewen SP14dipEmERRIChamicalsy(pp dryqblended with abwt

0.25% by weight (based upon the poiymer weight) of a Millad 3905 nucleating agent. The
_ polymer/nucleating agent mixture was melt mixed with mineral oil at a polypropylene polymermineral oil
45 ratio of about 78:22. Extrusion of the melt blended mixture was achieved at a melt temperature of about
205°C on a 2.54 cm Wayne extruder fitted with a 3.175 cm diameter tubular film die gapped at about
0.0028 cm. The extruder was operated at a about 42 cm3/min throughput rate to produce a tubular film
collected at a rate of about 3 m/min. The extruded film was air quenched at room temperature, soaked in
1.1,1-trichloroethane for about 5 minutes in a restraining device to remove the mineral oil, dried at room
50 temperature, and biaxially stretched 1.5 x 1.5 for a total area increase of 125% at a temperature of about
93°C. The resultant fubular film was found to have useful porous properties, including a Gurley second
value (to pass 50 cm? of air) of about 527.0 and a bubble point of about 0.08 micromelers.
Nucleated polymer/compound additive blends tend to respond more rapidly to a decrease in quench
temperature than their nonnucleated counterparls. Since the nucleating agent increases the rate of
55 crystallization of the polymer, when coupled with a low quench or melt temperature, too rapid of a quench
may occur, resulting in a single phase film, which, although strong and transparent, is substantially
incapable of being rendered uniformly microporous by subsequent removal of the compound additive and
stretching. Thus, some care must be given to regulate the quench temperature and melt temperature so as
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EP O 273 582 Bl [err] . Each sanple was then soaked in 1,1,1

-trichl oroethane to renove the additive, and allowed to dry Freeze
fractured sanpl es were vi ewed on EP 6ez3682@1 el ectron mni crograph and were
checked -for polymer nodul e size reduction at the same nmagnification as a
control nonnucl eated system Table VIII| gives the results of several

pol ymer / b heRARI oadarid P aHeneh-daempigs A ait 18shelaveifestrate theesileets ichdecrsegngvitner .
[err] 229uenchigmgerafureforens spacifigPolymerfcompouny(pcisatipp pgentSyaliHl es 19- 22 and 25-29 -
resulted_in successful nodule size reduction, indicating that the

nucl eatlﬁﬁ—gﬁﬁ&éﬁpl oyed in those exarrpl es woul d be sui tabl e for use in
meki nd i mpy OEGS% ”;Qﬁ:g D ?’éjcsedtgg‘Ec%mc '3 tha%’fm t h eyﬁ%ss of owe ufnl%rvm% ’3

addi tiveg gt i i
t-6h B §Jv < tFe?ta ¥d°/0l?t1onQaE Gon%nd then

St
and 24 dﬁlén rtn As el%w §t1a Gﬁ‘lx
nucl eat i ghg,e,qg‘gg;e i1 1, ERRCbuRNS mcaqu SdLJ de86'r 6e thRinSABA. Table Vii gives the

pol yngy / MQ%BQt:éCHdEJNeH For W6ss RIS, aﬁ@t:omrers heirto tHRARLorIXAI P ihadd BAGBench
wi Il be geggatlbofAcal es 19-29 that only a very mnor anount of

experimenta- tion is needed in order to deternine whether a particular

‘pol ynmer/ conpound addi tive/ nucl eating aggnt sgst emw || provide a useful and

| mproved m croporous material and th all within the scope of the

presemt invention. 10 Clains 1. gﬁod of making a m croporous article,

conprising the steps ofuef®Bht bl t ogebIea m xture conprising 15 to

80 parts by weight of Qéﬁ(ﬁé@éll zwlsﬁs@erm@hestlcnégsslty pokyp@ar, 0.1 to 5

pacts by wei gixTagFﬂ.enucteﬁévog_amtcﬁér’ 10gmpart s by/cum thtVoafumsal d

th plastic polynmer, and 85 to 20 parts by wei ght of a compound with
Qc’F12%a| d ther fopl ast B&-HdI ymer33® %y sci blé7and i f4thi ch 28-9

t hernopl astic pgl ynmer paldedi ssolme at thewnnel ti ng.8x0per at yr.@ of said

t hernopl astic Hgl ymer lpblt whi ch phase Naepar at e?é)fp cool i 1Ng to a
t enperature at “or bel owf?le crysta Ilzatlon tenperature of sald
t her | astic_polymer; 20 formng a shaped article of the nelt

bl ended mi xt we~ @0& nBFst oAbl S aprit dilg ¢tbeabomant F2IpEmMethodt Awhi ch sai d
nucl eating agent | Ql E\g@h% §€é dad:rystal liza- tion sites wthin said
t her nopl asti c pol yrrer SO0 as 1o cause phase separation to occur between said
conpound and said polyner, thereby providing an article conprising an
aggr egat e ok tid dushichiterfidifife WY FCIesded Grofaa7ist ClireExamble Tty 24 a3 ini Ex&fiple 17 and to
“t her nopl #0516 ERMpITE; thie GuBleySEoMtd tifdla assPorde Mprieasatl Beyosdiincastement 2nd the inréalnd
Wi th adj e ndlunieh deaimmsal sadplyC Tl Framiplgsat7t arcl 685 illsvrata ghel netdi lac thoositg hamensly a
pl ural i tigmpdratarerie@s: ghien sytein whight iy not\sh emeis o deatral fxadessireg reigrovenve papasiiszof thii ch
| 31 educessulterns mptsripalriangvarGt shiaeld b pederstood] thatbaven the doveymghal) térepeestirds ofy Bxamples
nucl eat i hgangingouldiheesujiablesibpther Rarpmetors ware Miriag et fdthe Addiivel cencentaion ang mejt
| east ontemgpptweMeEHNGessadepar at e adj acent particles of thernoplas- tic
pol yner fr J it B’H‘@“éﬁ‘f‘(‘ﬁ"ﬂ&' ?"?Pt"i!ﬂ %\ﬁpﬁépfgteﬁ@?'ﬁﬁ%&@@\“ foripelp éflfrﬂ‘FéE’ttéfHeW'b?’%{)or es

th rebet e age“t '1 ° f’t’%ﬂﬁé‘?& ERRETAN P &9
3 iRy e | hi %’(}(r‘g"‘ci‘é‘f'
:'c{'a.sﬁlﬂ (379 ihenm o A { '23&03 PS50 P Bt 20 o P P°"H"3' or

par es over a nonnucleat yst m 15 achaeve
In order to screen useful nucleating agents that will reduce the particle size or nodule size of the
polymer as it phase separates from the compound additive in a liquid-solid phase separation system, a
simple test has been devised. This test involves melting and mixing on a laboratory hot plate several grams
45 of the polymer with an appropriate additive at a 30:70 to 50:50 polymer to compound additive weight ratio
with approximately 1% by weight (based on the polymer weight) of the nucleating agent to be tested. The
following Examples 19-29 describe examples of such testing and give the results for various nucleating
agents in various polymer/compound additive systems. It will be appreciated that, although all nucleating
agents may not work for each given polymer/compound additive system, the test outlined herein provides a
so simple method for determining whether or not a given nucleating agent would be suitable for a given
application of the present invention.

| ess.

Examp_les 19-29

55 in each of Examples 19-29, about 0.02 grams of a nucleating agent (representing about 1% of the
polymer weight) were added to about 1.8 grams of polymer and about 4.2 grams of an appropriate
compound additive (a 30:70 polymer:compound additive weight ratio), and the combination was melt mixed
on a laboratory hot plate. After melt mixing 1o form a solution, each sample was water quenched at about
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3. A nmethod as defined in any one of clains 1 and 2 wherein said stretching
step conpri $es bi axi al | y 35 stretching said shaped article. 4. A nethod
as defihed in any preceding cl alﬁq/\%% ﬁ%% sai d stretching step provides an
area increase in said shaped artic o) rom 10% to 1200% over the original
area of said shaped article. 40 5. A nethod as defined in any preceding

cl ai m fayk & hesen AR wad (heh EdiRedSh R, 1GfichloRMNeNE rénivél the QRN Shd dllowed 9RO as
def i nedrrdede BiYurdt £6HRE MreGlighodoh WIstdhaihg SI0EHRA infidrddaph RAY §#ér6 RhddkedbommiyEiepNal | Yy
st abi | i it sisa reduGibh af M e8mé imagrGicetiob \as Rembtion Gorinlitbattl rspdtarh exdblanili gibes, thavhi | e
it is rresty aisevedy pdineicdagpatndsddaitielnucddatig dgetpestantsisteened in this maneet hod as
defimed in any preceding clai mwherein said nucleating agent is selected
fromthe group consisting of aryl al kanoic acid conpounds, benzoic acid
conpounds, and di carboxylig®cid com pounds. so 8. A nmethod as defined in
any one of clains 1 to 6 widjein sald nucleatln agent i s di benzylidine
sorbitol. 9. A nethod as d&f n%dula any g)n:e uofg ol al msel to 6 wherein said
nucl ®ati ng agent is sel ectgé ffomThe group consi sting of titanium dioxide,
talc, adipic acid, benzoicggtid, and fine nmetal particles. 55 10. A

m croporous nateri al corrersi ng 15 to 80 @Gs t'xy wei ght of crystallizable
thernopl astic polymer, 0.1 to parts %y \ﬁelgght sof a nucl eating agent which
i's cgpabl e of inducing crystaIT'l zat i on of s3jd fhernopl astic pol yner per
100 parts per weight of said tEer nopl a}§t| g)lympr and 85 to 20 parts by
wei ght of a conpound with which said ther r'cppj astyc polyner is mscible and
i nnhich said thernmoplas- 23 £ EP 0 273 8BZ B1%As seen in Table VIII,

Exanmpl es 19-22 and 25-29 resul.Led in swccesss ul .-nodul e size reduction,

in ting that the nucleati ng»agents errphoyed'? Pn those exanpl-es woul d be
suitable for use in makia g |rrpf,oved m-@rom)rﬂ)ur;sﬂrraterl als fromthe polyners
and conpound additives t rghgin thpse ExXarplides. Al though the systenms of
Exanpl es 23 and 24 did gt ow de satd,siaqct.,or&/ osnodul e size reduction,

other 5 nucleating agett e tried for the same

pol y#er/ conpound addi ti v Qwose exanpl es. Hence, it
w1l be seen from Exarrpl ey mnor amount of
experinmenta- tion is ne ) 12 whet,her a particul ar

pol ymer / conpound addi ti é}n wilfs provide a useful and
i nproved m croporous V\nthf"n t he scope of the
pres?—)"nt I nventi on. 1Q;CI ing am cropor ous article,
-conprising the steps gf Zinell bl endin m xture conprising 15 to
80 parts by weight ofglcriytstd|lizable t ic 15 polynmer, 0.1 to 5
'p:}r'fs by wei ght of nu&il ¢ati Ag8nk ts by weight of said '
‘thergppl astic pol ymer, %pd 605028 B geigght oB a conpound with
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cooling said shaped article to a tenperature at which said nucl eati ng agent
initiates said crystalliza- tion sites within said thernoplastic-polynmer so
as to cause phase separation to occur between said conpound. and said

polyrrer thereby providing an ar tdeqd {sing an aggregate of a first
phase conprising particles of crystallize therrmpl astic polyner in a
second phase conprising said com 25 pound with adj acent thernoplastic

pol ymer paa¢ isednem Dadienyild Egdniples t 19k82t anda25-290resulgll Uk alidcbgsiud hod@N%e akiuction,
cont i nuiitdjcatinghibatethe) ngdathgpagebts Gmpbydiiai hase Sixantpleshiaild BeSsuitetilie dseam makimgar ed
t 0o t he dmprevedanicropragusintsterisls wom|teb blweers dndnodmporeld edditiveg setdettin Weseegmelsent ;
and st r ¥tbovion dhesyfstems (el Feainrigst 33cand 4didinot| mevirde safisfactdiy easivle Gize treductiopastesr e

adj ac&ntugleating egeats opsongdifiens seiid bestried 1%“’% yrfer/eampeynd additiye festemsgepfedivinde a
net wor k 1fise prameles- dTﬁ'i'éﬁ:t‘é’d' tt‘hs&?'b' Eampige | SBLIhRoal aypry mingr apount of experimentaant | y
at t enuate” t%é‘e‘i"ﬁ% hBP b °&9rg8? figther; , partiguiyr pejiyBr/corPPoURh A4 %?’T‘g'eﬁtt’)‘gfﬁg?’?h
fibrils. Sygempi Bq ﬁdrf“iﬁrf’%‘t'?ﬂs aie2f fherafpee il aithin e spope obhes i g
particl & ?%""Ze'['g?r] (m crons) or less. 3. A nethod as defined in any one
of cl i aimhsdNd 2 wherein said stretching step conprises biaxially 35
stretching said shaped article. 4. A nmethod as defined in any preceding

¢l ai M Wher Rl bfimsing SlriltbRbus b, rttmxasﬁ.sshe%p%@a i ncrease in said shaped

article of Trouibldidng © DD HelompsingOfs! b6 Bdrts B Waightior SFkshizatieMechopibditC ©-

40 55 A npéifieel, @5 € bhdRag wdight B nuebRnE GbéHl pbr 0 Paltdlby WEGht GPEERT inSidBradub e

step of repsyrhdigarings] toC 20TPEHNSY. wéight Af rseaoE@dmaswmatmdaadldl forioMadié PEIRdsE

cl ai m furt etiblecimprin whish shitl @hedériastd plyniae el Giasdivi Yat IriealibitinigZ feiperatare Cbf said

stret ched tetmoplagtichyolymea bitnehidhheill phasetsepeale ah tdodling to whbrhsrdtire ias orf isdw b ned,

fo & heat sty stiizaiiani tevapetatnepefsait theenopth8ic polydemret hod as defined in any

precedi ng cl dirmingtsesharied adiclp of thaiopibilerdagmidyemat i s sel ected from the group

consi st i ng ofcogling saidh phapetbariiclede iaderersrapinrsiavich isaith puslegting et niptprowischsystaliipad

di car boxy| fien s #ithin g3id BmaRiesticRglymer sonasior qaute RhaseuropprAton to Acchietvise saif

clains 1 t6°®PoUprbre) ??'ds%'yﬂ‘ehd@’%bdt‘?'ﬂ’ ing nﬁ"“i‘%“lﬂ’?"ﬂ%ﬁ'ﬁz?‘t pagragate Shpdrst ghaseg. A
met hod as a?é'm”ﬁ pf"ﬂc'%f g ti p?' W?e*&?"ﬁ %‘aﬁeowﬁ'ﬂffﬁ"'@ ‘i“fd "agent

i s sef’ect e8°‘1t" ! ced i °B' |p§'Y'f‘?|' P'ef ggﬂt

aci d, benzo% ur((’ w erem Imggéem S % i ucpd as (ﬁTpar ttt:l? 8!6%?% ga c

material conpg Ié%mi ays; Lk gﬁg e N

t-least ong dir nt se € les of thermoplas
t her mopl aSL on:a% o»‘?@e &tﬁ? & d%d fo @hi ch

i's capabl epé'} ax‘\dﬂ é‘deﬂﬂte%&’tﬁ&r% thsi@ boi saﬁ% sto &Ini"ﬂ?; t%%r#n%ﬂ@r ynmer per
100 parts per weight of said therm)p stlc pol yrmer, and to 20 parts by

wei ght & A ntHER Qs B&lindd ih Bladv wikbréiith6l adobigb BRPfAEIH pSrtidhsd! ,yéraﬁn (nRrohd)SElesd. € and
I n which said thernopl as- EP 0 273 582 Bl tic polynmer will dissolve at

t he nel ta. ng rheamgaedsadetiied D fanys erieCof chwsD prida® Whe}e@@w Swgtchidig tstepi doinpa siaxially
separ@t e ostratahivgiseig stapecharoimper at ure at or bel ow the crystallization
tenperature of said thermoplastic polyner, said mcroporous naterial having
an i nt ersalA method@s aﬁf@eﬁ:maanaotee@dm@twrmyhaelmd Ftpsitching sigp ofovidgsarnauba incegasioind y
di sper sed sHbFN2EeH Friistorn’ §pra PR o B0 e dhepripind! efee of id sheded atitier nopl asti ¢

pol yrer . coated with said conpound, adjacent coated particles

t hr ou‘(jho'ht Adofted Ra fdredip a%‘i"?f‘@d‘g% ﬁ'étF‘a{t"g‘G’ tOPBHTNgEe SR FREOVing s9it SMPAW s ai d
mat eri al W|th ) y | nt erconnec n cropores an ai d dnzm
t her m)pl é.SlAI (il SEF%? eédgf ?aﬁ:.rr%% ?hb;gétr% hgéb ‘1&(%8’ v%hr& is resr f o %stggmzmg

plurality s?' cond $ ernop
partigles cor‘i)t a| n| ng enough of sa| d nucl eati ng agent such that the size of

sai d pard i Gl fidndaSis oG §an) bRlceditdoiath MRerdift stld Raidaliry! d8nt WPLLl6thold AYF tlefgrddB
nucl eati ng cEERIMHg YWedrf MERRERdd compounds, benzoic acid compounds, and dicarboxylic acid com-
pounds.

so 8. Amethod as defined in any one of claims 1 to 6 wherein said nucleating agent is dibenzylidine sorbitol.

9. A method as defined in any ons of claims 1 to 6 wherein said nucleating agent is selected from the
group consisting of titanium dioxide, talc, adipic acid, benzoic acid, and fine metal particles.

s5 10. A microporous material comprising 15 to 80 parts by weight of crystallizable thermoplastic polymer, 0.1
to 5 parls by weight of a nucleatmg agent which js capable of inducing crystallization of said
thermoplastic polymer per 100 parts per weight of said thermoplastic polymer, and 85 to 20 parts by
weight of a compound with which said thermoplastic polymer is miscible and in which said thermopias-
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10 11. .,A microporous material as defined in claim10 wherein the average
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A method as defined in any preceding claim further comprising the step of dimensionally stabilizing
said stretched article by heating the stretched article, while it is resirained, to a heat stabilizing
temperature.
45
7. A method as defined in any preceding claim wherein said nucleating agent is selected from the group
consisting of aryl alkanoic acid compounds, benzoic acid compounds, and dicarboxylic acid com-
pounds.

s0 8. A method as defined in any one of claims 1 to 6 wherein said nucleating agent is dibenzylidine sorbitol.

9. A method as defined in any one of claims 1 to 6 wherein said nucleating agent is selected from the
group consisting of titanium dioxide, talc, adipic acid, benzoic acid, and fine metal pariicles.

s5 10. A microporous material comprising 15 to 80 parts by weight of crystallizable thermoplastic polymer, 0.1
to 5 parts by weight of a nucleating agent which is capable of inducing crystallization of said
thermoplastic polymer per 100 parts per weight of said thermoplastic polymer, and 85 to 20 parts by
weight of a compound with which said thermoplastic polymer is miscible and in which said thermaoplas-
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Mehr zahPatgdensprieheien Fasern des thernopl asti schen Pol yners verbunden sind
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-Schmelztemperatur des thermopla_stlschen Polymers aufldst, die jedoch beim Kiihlen bis zu einer
Temperatur bei oder unterhalb der Kristallisationstemperatur des thermoplastischen Polymers phasen-
45 getrennt ist; '

Bilden eines geformten Artikels der schmelzfllissig gemischten Mischung;

Kilhlen des geformten Artikels auf eine Temperatur, bei der das Nukleierungsmittel die Kristallisa-
tionsstellen innerhalb des thermoplastischen Polymers initiiert, so daB zwischen der Verbindung und
dem Polymer das Aufireten der Phasentrennung bewirkt wird, wodurch ein Artikel geschaffen wird, der

50 ein Aggregat einer ersten Phase mil Teilchen von kristaflisiertem thermoplastischem Polymer in einer
zweiten Phase aufweist, welche die Verbindung mit angrenzenden thermoplastischen Polymerteiichen
umfaft, die voneinander verschieden sind und jedoch eine Mehrzahi von Kontinuititszonen aufweisen,
in welchen die Teilchen eine Teilchengréfe haben, die im Vergleich zur Teilchengréfe der Teilchen
reduziert ist, die sie ohne Anwesenheit eines Nukieisrungsmittels haben wiirden; und

55 Strecken des geformten Artikels in mindestens eine Richtung, um die angrenzenden Teilchen des
thermoplastischen Polymers voneinander zu trennen und ein Netzwerk von miteinander verbundenen
Mikroporen dazwischen zu bilden und das thermoplastische Polymer in den Kontinuitdtszonen in der

Bildung kleiner Fasern dauerhaft zu dampfen. /
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versehen und die angrenzenden Teilchen des thermoplastischen Polymers untereinander durch eine
40 - Mehrzahl von kleinen Fasern des thermoplastischen Polymers verbunden sind und die Teilchen

ausreichend von dem Nukieierungsmittel enthalten, so daB die Gr&fe der Teilchen gegeniiber derjeni-
gen GrbBe der Teilchen reduziert ist, welche die Teilchen ohne Anwesenheit eines Nukieierungsmittels
haben wiirden.

45 11. Mikropordses Material nach Anspruch 10, bei welchem die mittlere TeilchengrdBe der Teilchen 2
Mikrometer oder weniger ist.

12. Mikroporéses Material nach sinem der Anspriiche 10 und 11, bei welchem das Nukleierungsmittel
ausgewahit wird aus der Gruppe, die Verbindungen der Arylatkans@uren, Verbindungen der Benzoesiu-

50 re und der Dicarbonsduren umfaBt.

13. Mikropordses Material nach einem der Anspriiche 10 und 11, bei welchem das Nukleierungsmittel
Dibenzylidinsorbitol ist.

" s6 14. MikroporGses Material nach einem der Anspriiche 10 und 11, bei welchem das Nukleierungsmittel
ausgewdhlil wird aus der Gruppe, die Titandioxid, Talkum, Adipinsiure, Benzoesiure und feine
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5. Procédé suivant I'une quelconque des revendications précédentes, comprenant la phase de séparation
du composé précité.

50 6. Procédé suivant M'une quelconque des revendications précédentes, comprenant en outre la phase de
stabilisation des dimensions de l'article étiré par chauffage de ce dernier, tandis qu'il est sous
contrainte, jusqu'a une température de stabilisation thermique.

7. Procédé suivant I'une quelconque des revendications précédentes, dans lequel I'agent de nucléation

55 est choisi dans le groupe comprenant les composés d'acides aryl alcanoiques, les composés d'acides
benzoiques et les composés d'acides dicarboxyliques.
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di butyl e. Séssbridonnée, espacées, de ce polymére thermoplastique, revétues du composé précité, les particules

revétues adjacentes étant sépardes les unes des autres dans fa totalité de cette matiére pour former

W/ dans celle-cl un réseau de micropores interconnectés, les particules adjacentes de polymére thermo-
U plastique étant connecitées les unes aux autres par une pluralité de fibrilles constituées par le polymére
20 thermoplastique précité, ces particules contenant une quantité suffisante de I'agent de nucléation pour

que la taille de ces particules soit réduite par rapport & la taille que ces particules auraient s'il n'y avait
pas d'agent de nuciéation.

11. Matiére microporeuse suivant la revendication 10, dans laquelle la taille moyenne des particules est de
25 2 um {micromatres) ou moins.

12. Matiére microporeuse suivant 'une quelconqgue des revendications 10 et 11, dans laquelie {'agent de
nucléation est choisi dans le groupe comprenant les composés d'acides aryl alcanoiques, les compo-
sés d'acides benzoiques, et les composés d'acides dicarboxyliques.

30

13. Matiére microporeuse suivant I'une ou l'autre des revendications 10 et 11, dans faquelle {'agent de

nucléation est le dibenzylidine sorbitol. .

~ 14. Matidre microporeuse suivant I'une ou l'autre des revendications 10 et 11, dans laquelle I'agent de

35 nucléation est choisi dans le groupe comprenant le dioxyde de fitane, le talc, I'acide adipique, I'acide
benzoique, et de fines particules de métaux.

\./ 18. Matieére microporeuse suivant I'une quelconque des revendications 10 & 14, dans laquelle le polymére

thermoplastique est le polypropyléns.

16. Matiére microporeuse suivant I'une quelconque des revendications 10 & 15, dans laquelle le polymére
thermopilastique et le composé précité sont respectivement choisis dans le groupe comprenant :
{(a) polypropyléne et huile minérale, phtalate de dioctyle ou essences minérales;
(b) polyéthyléne et huile minérale ou essences minérales;
45 (c) copolymére de polypropyléne-polyéthyléne et huile minérale;
(d) nylon et triéthyldne glycol; et
(e) fluorure de polyvinylidéne et phtalate de dibutyle.
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