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- compatibility of the liquid with the polymer can be.determined by ‘heating the polymer and the liquid to form

. “-a-clear-homogeneous solution. I a solution of the polymer and the liquid cannot be formed- at any liquid .
45 --concentration, then the liquid is inappropriate for use with that polymer. in practice, the liquid used may
o '-'include._porﬁpounds ‘which ‘are solid at room temperature but liquid at the melt temperature of the polymer. -
" The operability of a specific liquid with a given polymer cannot be.predicted with ‘absolute -certainty.
" However, .certain guidelines can be set forth. For non-polar polymers, non-polar organic liquids with similar
- room temperature solubility parameters are: generally useful at the solution temperatures. Similarly, polar-
~ organic liquids are generally useful with polar polymers. When blends or polymers are used, useful liquids
. -are those which -are compatible liquids for each of the polymers used. When the polymer is a block
.. copolymer 'such as styrene-butadiene, the liquid selected must be compatible with each type of polymer
~ block. Blends: of two or more liquids can be used as the compatible liquid as long as the selected polymer
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- -liquid phase separation on cooling. : : . _ o o
- . \arious types of organic- compounds have been found useful as the compatible liquid, including
- aliphatic and aromatic acids, aliphatic, aromatic and cyclic alcohols, aldehydes, primary and secondary
amines, aromatic and ethoxylated - amines, diamines, amides, esters and diesters, ethers, ketones and
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dreferabl y; dimensionally stabilized in the material using well-known
tiechni ques such as, for exanple, heating the material to a stab|I|Z|ng
ttenper at ur e under reslraint. 25 Fldadled and 3 ‘are scanning el ectron
pghot omi crographs, at magnifications of. 200X and 2000X, .respeéctjvely, of the
gevbul & St IFws tlurePEDOR| nmufarmar(nct)l qujndsﬁéeqwﬁkmpl]uaaah BEPAC) || Mhickriess (am)
yst em endtoyTT - q CNT PO yPT.aRyT ene Fas g T her mopT BIC
¢ s _atlomanlne gs t he conpﬁglble | qui gzand
7 arfe scangigng el ¢ctron,phot om crogbaphs{ at.
: rlespect kel y,  ¢f thg,sanme |rat erd,gl as '
fhomn in R-eS—d2—and—a—ai-tet vg'c*r““+“+'§§—aecegu'ng%gefthe prcgggt
ifhvention at_a stretch ratio of - 2:1 in both the nmachine and transverse:
‘girections, $amelss °ﬁ°a&h8'“5""?i? ?Wﬁr’ﬂ #djarpe E’E’t‘?’%’f’f’d oriB e tp thanesto refpove. the
gni f i cat°I°6Wsph8‘F’a*20 gked films aq'v wéeﬂdaﬂ- ‘éf"i"i!ﬂ?f"ﬂ'?’%"e In-

ot g P|° HM@' ?da'?‘ﬁ Sha* . e
joi glhtn ef)e ' '“7%:‘ !

-e.r cent t a’ '_ éa § ? ;@: no:\mr: era‘tj‘ev P thnc url lue
pgni fi ca [ ons o aéggﬁgWr gs ectl veI Y,. %?Qﬁ‘e sane ma't eri aI as

iown 9% FIGS. 4 and 5 after -orientation according-to the- present invention
it a stretch ratio of 2:1 in both the nmachine and transverse directions. As
dan be seen, orlentatlon causes expansion of the:- thernnplastlc pol ynmer in
fot h t he ceIIuIar and lacy structures which results.in a nore open porous .
gtwticture than i's achi.eved i.n-the. unori ented materi-al. ThIS greater :
_gor05|f? is particularly useful -in fittration, ‘di'ffusion barriers, and
_iinbi bing materials. 40 - The conpatlble l i qui d may be renoved fron1the

i croporous material either bef ore or aft.er ‘ori-entation to yield a

Ifi-qui d-free m croporous ‘pol yreric .matérial. The conpatlble | iquid can be
rienovedg by, for exanple sol vent extract.ion, volatlllzatlon or any ot her
cgonveni ent. net hod. "After renoval. of the: conpatlble liquid, the resulting
Aﬁcroporous materi al - may be. nDdlfled by’ i mbi bit.i on of vari-ous materi al s,

hich as, for exanple, |iquids, solvent-solutions, ‘sol vent di spersions; or
sol i ds. Such nmaterials my be- i nbi bed by any of. 45 a nunber of known

net hodsewhi ch resultin the: dgposition, of such mateéfials within the porous
Csfructure of the m croporous material.”The inbi bed material may be

‘physical ly entrapped within the m croporous structure-or chemcally reacted
l;th the polyneric material which fornms the m croporous structure. Exanples
g i nbi bing naterlals i ncude nedi caments, fragrances, antistatic agents,
fact®¥nts, “pesticides and solid partlculate material such as activated
1bon_and'p|gnents Certain materials, such as antistatic 50 agents and
factants, may be inbi bed w thout renoval of the conpatible liquid. The
roporous material of the invention may be further nodified, either

re or after renoval of the conpatible Iiquid, by depositing various
rials on the surface thereof using nown coating or deposition

ini ques. For exanple, the microporous material may be coated with netal
: fapor deposition or sputtering techniques or materials such as
adhesi ves, aqueous or solvent-based conpositions, and dyes




55 can be coated on the nicroporous material. Coating can be acconplishe
by such- tonventional coating techniques as, for exanple, roller coating,
spray coating, dip coating, andEP0s0Pi18&B1M cr oporous sheet nmaterial s of
the invention may be |lam nated to various other materials such as, for
exanpl e, woven, knitted, or nonwoven fabrics, filnms, or to one or nore
addi tional layers ofy, m cropoLolUs o o« oEB @ 309138 Bl shegel, material to g
achi eve, for exanpl & despfedfp@r iR y=orad tY, ShE @ i Bogeproperties, and :
aest hetics. Lam natighn CEL e Bald iRdSolt sE Y SoflehtFoBal techni ques |
such_as adhesi ve borfﬂﬁng, spot wel df ng, or other techniques which do not
undeli r abl y interfepres@th the porosity or create ‘undesirable porosity or
perforations. 5 Sdhe m oo B feged ® 2 [t W I r@eBti on may be
modi fied to producegh po@busgnBntd dhefhSvEh@ d3gRatl ehtSpdrosity
therethrough, if the extruded Fi *m3s™r&piuiy Codl & Fr'omone surface
t her,gof, such.as by bringing the surface into contact with a chilled
casting wheel. The surface of the filmin contact with, for exanple, the
chilled casting wheel caF!)be:vfgsﬁ?d RrAsBated #hg & TheroBposi te side
remains porous. Oiegntation 8f tAls gradi ent porosity structure enhances

~the porosity differepges fromsurface to surface. 10 FIGS: 10 and 11 are
spkit i mage scanni niﬁl&'ct ron phot om crographs at mmagnifications of 1000X

.and 10, OOOX of the fage shrackure gbiamed dygcasting g sol ution of 41
wei ght percent pol yﬁ opy bnesi ® {%al'T owafi Fe ~ort o=a 66 [rr] casting wheel

~at ‘a thickness of 170 [err]and orienting at a stretch ratio of 2:1 in bothg
‘the machi ne and transverse directions after renoval of the tallowanm ne. The

falufPsurface cast in cgatpct with the casting wheel is shown in FIG 10,
“whil e the surface not g fi rect eom @t WY IF, tRe~castMeng 5 wheel is sho
in FIG 11. Filnms with $8ch Pr@pd B & LaR 1B HsBAT Rrse®ampl e, for

~microfiltration or ultihf|ltration or as protective films or tapes, havingf
for exanple, the porous side readily markable and the seal ed side resistang.

to far ki ng. The glcropdgops materials of the invention are useful in a

“variety of appli &tiof el &1 & QPQA0SI by b S~dQSky abl.g. oFOr exanple, thel

“microporous sheet nat@ s Bal} _ﬁfe(igs;éd"ff o WTr3f O FEiGn of colloidal ¥
~matter, as 20 fil teri @y haters al® for®cPedni ng'ant1°bi oticS, beer, oils, an¢

Qactgriol ogi cal broths, and as diffusion barriers or sepatators in .
el ectrochemi cal cells, T@p mcroporous sheet material can also be used for

~-sanmpl e collection in _|g° nahyei ap(ﬁ;_f_qr wcot |@chi en spfemecr obi ol ogi cal :

'speci nens. Wen | amn QL @EWRVEN DIk 1@ &l Lafr gc Prot® nonwoven fabrici
.such as a nonwoven scPi@hmat®rial the M cr8porots nateétial's can be useful §

~~for ssuterwear such as’ rai nwear, canping equi prent such as tents and 2

:sl'eepi ng bags, and for @i posabl e 25 protective garments for use, for

.exanple, in hospitals, _%E cty oni @ & enRr ppig ., 2oR jon Wrgay where cont act

W th hazardous chem .cal$3farmoccur. The nttropdrous sheet materials are

‘akseé useful in surgical dressings, bandages, and other nedical

:appl®cations. The followi ng exanples further illustrate this invention but .

+the particul ar materi algo_ nd a-nngt‘% th'ér.eof%i n th_ge e%agpl es, as well as .

other conditions and degd| | sq RhBulR 0% ke SEOBSTr y nduly limt this:

0 invention. In the &k@ %s‘? 0w pgr'ﬂs g &hdp8r e dfe% are by weight |

‘ess ot herwi se specifled. Were St r%t?zh “rali® are recited for extruded

ns, the first-nunber 8ndicates the stretch ratio in the machine :

irection (MD), i.e , exgfusfol & rec®iBn® &hdtHe SR AMd®nunber indicates
he stretch ratio in.the direction transverse to the extrusion direction

TD). Inh the Exanples, tHe followi ng test methods were used in eval uating

egarious filnms: Curlelfl Vahue: ' m & « = 0 0w ~ STRVGl UE IS a

asurenment -of ‘time in onds .to pass 0.051 of air through a film
ordi.ng to ASTM.D-726 Method A . : -

R ey B AT e e _._

- ‘As can be seen from the data in Table 2, a broad range of properties can be obtained by varying the
g5 film composition and the stretch conditions .under which the film is oriented. The data demonstrates that
. generally &s the degree of orientation increases, the thickness decreases, the Gurley value decreases
" significantly, and the pore diameter, porosity, and matrix tensile properties increase. Such a modification in
" properties, attained by orientation, allows for much greater control over film properties than was previously

10




P Maximum Effective Pore Diameter: This value is neasured in mcrons
,_j.."accordl ng to ASTM F-316 and is terned gore di ameter in the Exanples. Bul k
E Density: Thi §P 9308436 B1det er ni ned from neasurement of
3 speeific gravity according to ASTM D-792. . Porosity:

3 A cal C%ﬁﬁ v?g? ‘a'!fh'rﬁsp@ﬁaﬁ%tb%aﬁ&@fquﬂepﬁ%‘é §d,.pul k density and polyner density

using t ovm n err']‘ Bul k Tensile Strength:

Measur NdsU8S 4 BPEdRRtideE c 82 using an Instron nodel 1122 under
. the fo ars &l"' MS%B mm (2.Fn). Jaw speed: 508mm min (20

i n/ g n)PoﬁarBWldﬁe P Ecxp éﬁm ﬁvﬁﬂab@)frow g&orﬁécfrﬁ Por adekxinK 6723 NsvhilaBle Hof HkEbAR:

Cal cul 34cSGs WrdlcbtBd BATEB 3)and Bffowaink, 142 (inbsiat B 5181Ehila0I8 fiom PR ASEHeMIcRICER" di NY
t 0 the woRd héNfidhBedotl tiininemogeReous miidred ate rakottant lembBigtuldB katitokth il Pebfe! J. Bach-

X Bul k pieh@ Wad dxBudall d@telvt approximately 3 kg/r using a284mm diameter sifighSdctow drtieidnga 1- 10
and Conipatiathvirg &MGBnes widd -ake 19dmeiosteR S iiny sPeell beR.Inyi/min The lidRided fildwdsi can
Hoeciastcosidd 82580 C ecastifgewnveiab amttaiethgmabdynamic, namequilibriver iguidlifuid pHasd sdpattin  DOP,
a | i quiadd sotidificationial the fiint. The hekanDEeacMhe«amiehsutddendBdettfmmﬁmTaMem nogeneous

. mixtures at the ratios and terrperatures set . forth. In Table.-1. Each bl end
- was extruded at a rate of 18 kg/.hr (fabiag “a twin screw extruder with a screw
. .speed of 150 rpm a filmdie having a slot 0.5mm w de and 305fm | ong, and a
_ T nespeed as SetFimq brvekii  TabIpR:TA ratib e MRl temis{©6) Iihramex@(amst?ol ed in a

- wat er quenCh b em-H-om-tihre—dre—atrthe—batir -Epet atoe- et forth in
TabIe1t0|n|t|a'fetﬁ’8‘PPrBQinm@sgno -equiPd bri um | i qUfd=1i quid phase 15

~

- separation and |soli gi g } n| of®t fli lm e th “¢ach filmwas
. measured and i 9 s@t. :l%ﬂl Tabl Fil Mel t tenp
\(-‘érraf | i ne lspeed _ - rry A -
- 39: 61 252 - 10.0-- 120 B

. 49: 51 Samples oP&:gh film were restramed in @ frame and washed with 1,1 140chloroethane to remove the5 C

. 40: 60 tallowamine. The Jestrained, washed films \@pre dried to remove any residual 1,1,1-trichlorosthane.iln7 25

= D Exayapleg ol 1-14, samples obgagh film were oriented by streiching at a temperature of 1213F, a preheat .

. 122 1 S@ﬂﬁf goutol miggle. s ﬁtfﬂchf%?fé 2? e@{sremfbﬂsfmhaaﬂf’ PR ThA (PSUNBIETORANUR 1, 1, 1 |

- tri chifigiSoRdneAmparetye, angiented; fim ?gl““%‘h z#‘ g Pridey, velupy PR iR hed
Paersga o B b

" Fi s REPHY AN mtix densile pmparties, thl oroethane. In Exanples ”
&}% 10, sanples of each filmwere oriented by stretching at a tenperature of . -}

> and the stretch ratios.set forth in Table 2. Wiile nmaintained at this
stretch ratio, the orlented films were then heat set.- at a tenperature of 93 ;
- [err] The resulting nicroporous filns and corrparatlve non orlented films
- were eval uat ed for .thi ckness ~aurl ey val ue, :

11

7 [®rr]. a preheat time of about 30 seconds, a stretch rate of 25.4mm sec, -




re"l,'d'i é-rreter, porosity, and matrix tensile properties. The results

forth in Table 2. 35 40 45 55 9 EP O 309 136 Bl ~~~~~~~ 4 un fS D
CDCOCDre v COCD O0* t:EFEOXO138BI5 5 F-r #rn aw 4 er on
u- tflIN OE [ us | 0 N% ~ t- N
SN N Lne4d - 4 -r - _ S - X SWlLa - 0
0000 00 0 S @ A>u 0 nM qssl‘élgcggl\bg ef M-~~% %a | Rog U
fl gab Nef Ln %0 Ung'L_fogr-m%gNﬁmgLﬁoMMo _ ILn
o) 14 M@0 10 Mo = & . NN W g NN | ¢ .2 ¢
ts ~~0 C4 Pq . §~33‘.;_v4 0 C <XO'40 %C AJ 00 20 ."~~~~~~Cc qW
IW® srcouCknf fnr S &8 . o oo 0
... 00 04 co MAuwn g 'VEB FNEB Y _tn'D WWWM ro
M WoorDu U n €00 N§25. &l IR aB828ES na~ 1 ~rrd
-4 00 o T A R e Da 0
0o 0 0 0 0 6 0.0 0w ~—~~~a L W3 0 3C~~~~~~~~=~~~~1C
g ~~~~% Ch at DgWAd = 4 o o PuEQVeSH : _i
YU ~~~~~~~ to .'-.,-_'-r_V-%O-_.-'vEI'_. RS HF VR 8WLn N4 €0 1W 4 CA}
T "O040 r-f C4 1" C 346 ~~~1 1,44 g~1- *- a @ C o flhwa
0 C- W N.. CFILN g LA - "~~~ 50 -C :-C_Q. to Nt T o
L1 VAV- r f g Mn%Ng ts: @ & WA TSNS
2| weamemy-
A g5 RT8TILIS
o £ S
""_.'v_ !‘-’ T -
-1 B - PN ~ Mo o WMNOM
3 es1Yg 82538=3%
& E'a'"'_ ScoccsS S 6
' o
E.g.u D = O el M P e
oo~ Q Q W O v T ¥ o~
@
: @ .
%5 SI25T8588
T @ M N N ~N o~

: As can be seen from the dan in Tables 3 and 4, a broad range of propemes can be obtained by

_ = varymg ‘the polymers. the film. composmons. and the stretch conditions under which the film is oriented. The
'_--"'data ‘demonstrate that the oriented films of this invention have reduced thickness, significantly decreased

'-Gurley value, and increased pore diameter, porosrty. and matrix tensile properties over the. non-oriented film

-_:"_'-alone
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k can be. seen fromthe data in Table 2, a broad range of properties can be

; %t ai ned by varying the filmco é\&@e%gd the stretch conditions under
pahich the filmis oriented. The Yrates that generally as the
idegree of orientation increases, the thickness decreases, the Gurley val ue

idecr easegxampggl,gépg,grdoy,pa@og,ﬂag@,epgg 8441l aneter, porosity, and matrix
itensile |f|cat|on I n properties, attained by
ori entat i Opoyarh rasxmuasnasw %8rh Himdn Mcl) Vas MGR blohdek With tdABWIineC A, [(BAM- Was
Previ ouspiys 15-21 dQ:o BSatihé Exdbleast) bEtnfle Winbial dill MOB(COMBRANE Exshiples C10-C14)

i qui G | atopoiydropPiei Rormiing Aluid Patiod=¥E574365d 1sl tokperaild SIAPEC & torR hbMEgERcRs

'C5- C8 5 mixfakeg PEdRP\biedh vas Bidrudéd=utx el 61 oot O3l Hg/hr adéing |aadib4e crh aaieteX Xifgle €6 . |

or Pr of asftrader pndod fit, dicivaing al3loe0.65 avwrwidb rmd15.2 ¢ ong, afs linenspbeniadf @d nivinin,Teritd £ 3)
and t al | ¢aBr@ngasting whéel tq farnmititbtsaied e thicid pling whithk pblymrodylensrtafawamine Glaedrintiated Co. )
wer e el therriodymereid, noo-efiuliibriun dinwidstinuigmhesenseparalipe andasolidification &t the dilma Gdoling of the.

t enperat palypropylese-niinaral oil blandTialtidted BermBawnemib| nomrequiliitune Yiquidiehiid] phase seppration apd

appr oxi neglidifiopticd okthe Wim- usi ng a 25; 4nm di aneter single screw extruder and a-
filmdie h&meles of mmmlmmemmmmmmwmh yith {1 d-trichipreethage dajrempverthe

‘i mi . TeRmpasble liguiddThe restiiedswaptipd firps weseidrisr] taremayer any residiial. g‘m&lemtwe For
ini ti at eBEmeiebyy h%Q?mPﬁB‘He amnles 111Gt I"P:glﬂ‘ﬂ‘”?'? aﬂﬁ"ﬂ’q:{m Féﬂ"fpﬁﬁ and
L sol i diffi qfd?ﬂ aPﬁéeaf f"f‘ 1.22 fqm(f r? i's

set fort ghgé;p %;Fﬂ Sna ! mlh wmq%
an fo gnica allt%elofé samples
g_?_gp F( rg é’F g:g;g&g TS?IZS @/ value, por§ di r, porosity and matrix Tﬁsﬂe @ropzssfspr 0? ax

6723 , o 170 20 -

Préf aX 6723 41: 59 - 261 170 Sanpl es of each f|Im
‘were restrained in a frame and washed with 1,1, 1-trichl oroethane to renove
it he tall owam ne. The restrained, washed filnms were dried to renove any
-residual 1,1,1-trichloroethane. In Exanples 11-14, sanples of each film
Fwere giented by stretching at a tenperature of [err] a preheat tinme of
rabout 1 minute, a stretch rate of 1.27 cmsec, and a stretch ratio of 2x2.
:The resulting mcroporous films and conparative non-oriented filns were
.eval uated for thickness, Qurley value, pore dianeter, porosity, and matrix
Ftensile properties. The results are set forth in Table 4. 30 35 40 46 50 55
PO 913 B1 50r@ CD U vO UIC. CDO1 Utn m

35
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-%ii, 0 I\SP.GO/aN@ C B~ ~ ~ ~ ht
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s EP03091368 ERan-pI es 13- al .ang Qowa;aglue@@ngleos C9- C14 3
. Pol ypropyl ene ( Prof x"f’err] avai Fald e”f o K nDnt T, 7 was nelt bl endedf
“4ith tallowani ne, pl es I5-21 and Comparative Exanmple C9) or wifh

“White mneral oil, I\/D, (Corrparatlve Exanpl es C10-Cl14) 5 at
“pol ypropyl ene: corrp'ati bl & lijquid ratios of 57:43 and a tenperature of
-%-'1'214-9%[ errJto form hormgemeo.l.s nExrures? Bach Dl 8nd! WisSe¥t fuded at a rate '
“.about 3 kg/hr using a 2BLcm B IR R F BB BcMeW skt Fuder and a filmdpe
s having a slot 0.05 cm w&de land 15. 2 cmlong, at a line speed of 2.1 mMmng -
=onto a 43[err]m asting wheel to formfilns 160 [err] thick. Cooling of thg
“-pol x%pr opyl ene-8hl | owani.ge [l eng midiat &d 4 h-er.m)g/ma cgg raon equilibriumég.
i.qui d-1iqui d ghase sepgril onSaifl 308i 8 8 Bteok & B1'm Cooling of [
he io pol ypropyl ene al oi b ¥ eado | t9 ated t=heq>rr9dy=nam C, -'
on-equilibrium: i qugdﬂso i d phase separation and solidification of the
film Sanples of .each f| Imwere restrained in a frame and washed with
N/ 1301-tri chloroet hane to rgqnove the conpatible liquid. The restrained,

sWashed filns were dri dBir engves apyar yal vl kg or oet hane. For |
anpl es ‘15-21 and Coggg |v2§ Ies%ﬁj h% §|ﬁs were oriented §y o

tretching at a _te_rrpega_? 1 ture of 121 [err] a preheat tinme of 1 m nuté¢
stretch rate-of 1.27 c ec, and the stretch ratios set forth in Table §
tt¥npts tao stretch the f|ImWn|Ch was rmade using mneral oil as the

onpati ble I|qU|d were @nsyccessful at stretch ratios greater than 2x2 dueg'.
0 mechani cal failure og e s &5 ~TRe Yabi Qus. fay | ABVRE € eval uated for
hi ckness, Gurley val ue8 i et e, Tpdt osi Tyl Fafr i tensile :
h’o‘gertles The resultsﬁare set_ forth in Table 5. 20 25
e e w ewee | w o
.00 - el - NN M@ e e B I S
$f pAdgiadigaais
58 - AN NN M@ S AN A
e 3
28 sASSEESERRREE
. S M
3 929U YNII2L[]ISNTUTUOTO

- AS '“be seen’ from the data in Table 5 a broad range of properties can be obtained by varymg the
ss-. stretch ratlo "under which’ the quuud-llquid phase separated film is oriented. The data demonstrate that, in the
-films of this. invention, as the’ degree of orientation increases, the thickness decreases, the Gurley value
- decreases slgmficanﬂy. and the poroslty and matrix tensile properties increase, while the maximum effective
'pore dlameter remams relatively - constant and that the prior art films are significantly. weaker, have larger
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35 | 40 45 50 55 13 EP O 309 136 B1 * a '~0 0 CDCDO CD
0 40 CDO ..4 CD- 14159%09133@1@4%3 4 r-0 | RPCor

-f ra sr N ri in _0q O N oy |~ eq q -r 4 u7
,er co 1 fq VP4 On M5 C a -

L. @ ' 52pwe sizs, i.a., maximum effective) pBE SFOBTOTE (WROPOrAERY- 98 0% - 4 %0 N

| S~~~ 4n FIGS. 12-14, the @crley vaipe, pore diametgr, gpd porosity; respectively,[yre plotted againsighe grea ¢
3 ~~~~. Jomnrease.(machme direction stretch ratio x transverse direction stretch ratio) for the film of the inveptign o
' (soiid line) prepared from the liquid-liquid phase separapgp polypropylentargl tal@wamune and,&pr@r art

0 @ blm @rokesu Ig@ prﬂnarqdr{rom Iﬁu%sohd phase sepasated polypropylefe and mlqerl gl These FIGS.

on emphasize the relatively constant.pore. diameter and mcreasesl Porg;nty attainable in films of the present
* 00 mven&enras corgmmﬁ to the prior art films. - Uo | cD o C% MM
.4 % U M "
o E:(am'Xles%f‘ ggd 23 ang Cgrg’parawvevl\:lxgmgles (9!5 an& Eﬂi 4 Xt O noO O
o4 AQ>lend of 25 parggolyﬁroiyle“ﬁe “(Profax™ 6723, av glablé from Himont, Inc.) 3 g 75 parts tal- g-1
9 M owamine (Armostat™" 310, avaﬁéBfé"from Armak Cﬁ bre baﬁﬂ-mnxed for 3 fiours 44300+ C-uider 40
:, CD, nitrogen atmosphere to form a hom@g Uth S‘Exam "2 and §ompar§t:lre ExanFﬁle C
portions of the solution were pressed between ﬁ eG 6175+ G to form films about 0.5 mm thick and

_5 15 the plates wers aliowdd to &ool at approximatsly 1°C/min. For Example 23 afdComparative Esdple C16,
CD Q-~~0, portichd of-the sotatidfowerd préésadt betwdsh Pibites heatedl to 175~ Cito form X film about 0.5 mm thick
. and the plates were immersed into a 20 * C water bath to effect a cooling rate of about 1700 * C/min.
.Each film was restrained in a frame and washed with 1,1,1-trichloroethane to remove the tallowamine.
The restrained, washed films were dried to remove any residual 1,1,1-trichloroethane. The films of
s 20 Examples 22 and 23 were oriented by stretching at a temperature of 121°C, a preheat time of about 1
LF\" minute, a stretch ratio of 1.27 cm/sec, and a stretch ratio of 2x2. The resulting oriented microporous films
and comparative non-oriented films were examined by scanning electron microscopy and photomicrographs
were taken of the films. The film of Comparative Example 15, FIGS. 2 and 3, exhibits an open-cellular
structure, while the film of Comparative Example 18, FIGS. 4 and 5, exhibits a lacy structure. The films were
25 also evaluated for thickness, Gurley value, pore dlameter, density, and porosity. The results are set forth in
Table 6.
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R o -4 ,4 .4 .4 .4 C: U As can be seen fromthe da

in Table 5, a broad range of properties can be obtained by varying the 5

-stretch ratio under which the Lidui.d-hk@yi d phase separated filmis :
oriented. The data denonstrat ektﬁalgto,g 1#’%%?% films of this invention, as tfe
degree of orientation increases, the thickness decreases, the Gurley val U
decreases significantly, and the porosity and nmatrix tensile properties
increase, while the maxi mum effectjvejpore diameter renmains relatively
constant and that the prior art fi¥ns{are®srgniffcantly weaker, have | ardger
14 EP O 309 136 Bl pore size, ifew| neRi BB eHf ective pore diameter, and
| ower porosity. In FIGS. 12-14, tg Clrl ey value, pore dianeter, and ;
porosity, respectively, are plott agai nst the area increase (nachine
direction stretch ratio x transverse direction stretch ratio) for the film

~of the invention (solid line) pregared frgmghe Liquid-liquid phase :
separ at ed pol ypropyl ene and tal ﬁox{grrgm gudsp pr@or art 5 film (broken

I

lin@) prepared fromliquid-solig (Baje segappt$dapol ypropyl ene and m neral
oil. These FIGS. enphasize the relt™yely constant pore dianeter and i

i ncreased porosity attainablein filns of the present invention as conpargd
‘to the prior art films. Exanples 22 and 23 and Conparative Exanples Cl5 apd
Ct€ 10 A blend of 25 parts pol yprapyl ¢ne (Prof axLerr] 6723, available from
“H Bnt, Inc.) and 75 parts tal- =& ne %A"h’_rm‘%tqt[err] 310, available frpm
“Armak Co.) were batch-m xed for €3 s & 800 CG~under a nitrogen
-at nosphere to form a honogeneous solution. In Exanple 22 and Conparative }
"Exanple [err], portions of the solution were pressed between plates heatef
te~fperr]0 to formfilms about 0.5 hick and 15 the plates were all owedf
.to cool at approximatel y‘° [errB‘.gnﬁ . For Exanfll e 23 and Conparative

08
S<

Exanpl e C16, portions ofe} he.sok wer®d Pt é8s8d between pl ates heat ed
175 [err] to forma fiI-r@ bout & = thi®k arfd the plates were i mersed §
into a 20 * Cwater bath to effect a=tooling rate of about 1700 [err]/m nf
Eacs# filmwas restrained in a frame and washed with 1,1, 1-trichl oroet hanef
.to renmove the tallowarnine. The re&trained, washed filns were dried to
- renmove any residual 1,1,1-trichl or®ethane. The films of 20 Exanples 22 anEE
.:23-were oriented by stretching at ® SenpcBafur® & 121 [err] a preheat tifn
“of about 1 minute, a stretch-rati@ot}1.2Y 8m*eT, and a stretch ratio off
" 2x2280 The resulting oriented m cro%rous films and conparative non-orienteg
~fil'ms were exam ned by scanning el ectron mcroscopy and photomi crographs §
. were taken of .the fillns. The fi | m@f ;Lonpgratiye Exanple 15, FIGS. 2 and B
»'exhi bits an open-cellular structurg, gphil§ ghegfgl-m of Conparative Exanpl ¢
16, _FIGS. 4 and.5, exhibits a lacyds@luct8r®& She filns were 25 also '
'__;'_fe_jVa"fsuat ed for thickness, CGurley v&ue} pore dianeter, density, and
. porosity. The results are set forth in Table 6. 30 35 40 45 50 55
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Q
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" As'can be seen fiom the.data in Table 6, the oriented film cooled at a rate of 1700* G/min. has a higher
. Gurley value, a smaller pore diameter and bulk density, and higher porosity than the oriented film cooled at
‘arateof1°Cimin. -

Example 24 and Comparative Example C17 and C18

i "Cc')_mparafive Example C17, a blend of 10 parts polypropylense, available from Exxon Corp. under the
*-trade designation "3014", and 90 parts tallowamine, available from Armak Chemical Co. as Armostat™ 310,

16




5309 136 Bl .S ~ : 5 -2hat8 Ot gtCD MO 0S X 3" ~20 25
‘P C "4 coN 30 A | As can be s &6@ g data in Table 6, the oriented
$ | mcooled at a rate of 1700 [erﬁﬁ's1 as a |gher Gurl ey value, a smaller
Jore di aneter and bul k density, and higher porosity than the oriented film
dool ed at were batie mbbd for Beotrk af 200 O.undib akit@GE Amdsdhed) ThEpismBibAved \achomegantdue
d17 and Ciduiibmwlcmpasr prbised béiweaniatesEbated o 1H0eOdo fm & 0inp appraxinmteiyy @8 oy thigke,
qvai | abl ewhicrowasEhenamerCsdsn a §ndeptet tath. Theadsultilg Simghaa litiophysicl iMbgrity andito®Qingear t s
tfal | owani iteqwnameight. abl e -f rom Arnak Chenical -Co.. as Ar nostat[err] 310, 16
HP 0 300 136n Blammier 24 anst GdmpaiativecExgmple $1ndunswaamreweq % in] CampersiiveExample édén
At mospher exceptithat Hblenscpf tdpasie of ReYRIGRIYNE 190G Bspagts tallawagine \Yﬁ'ie@PPdwE@ rpiulting g was

et ween ppgreded with dd-tichlorpeipane t? demaeyp ey tallowaming 39 dhen rpsipds ny ail) undley, rstraint o

i ch wassac"rqulrém weﬂstrerrhy & 121" G (Grasle2f) And eypjuatede together yith r'r mﬂfﬂ%t@d
lii ttIe plegt %(@WP Plﬁ) JRBPkPEss G e rte, diageter. buf fepsity Bt o
24 and gt The, es tef a8 - m was prepar ed_as.inConpar at | ve Exanpl e
E17 except that.a bl end of 15 parts of % propyl ene and 85 parts
gal | owam ne vier e used. The resultr ng- f| S extracted vvrth

.1, 1-trichloroeth - I n air under
'es_t rai,pt. A sanplef of the fi - m was @mmonm&ams Cas 1@@"\9]9@& anpl e 24) and
¢gvél uated, - toget her[ wWilfledumnst retjched sgapple of Ti ative Exanple
;‘-18) for thickness] G%Tgye@ég,gﬁég)t pore di pg@ter, bullk ‘degsity, and 10
porosity. The: resul | pogdbRms@tum@rt] i n Tabl goa/: TabI 7 71gpnpdrative
Exanpl e C18 Exanpf suikdendilyl (kdxess (err) 0379 -
k05 CGurd ey val ue(s b&Qﬂ?l%) _ 19 8 579
*e.r/r) S 1 UJ — '
p. 379 9‘ Yot

As can be’ n ro e data in Table 7., the st 4 a_significant
7.9 roperment in. e vah iir,a.oﬁ ol b gﬁiam et % gﬁ&e o
et ggﬁg%%w t 0 b r&aéd%oﬁ' %iu bré .rsn.a%xm{.on s
; cs

2.998Porg Di anmet er'

atridatB b Wﬁléﬂer and

8kl erhn%ge Qpﬁarf édnmeraemu& B¢l mtaregm&e .ﬁa/\ﬁé cnpaiR kdidGohdetkl d -

orosrty
g nparati ve Exanple Cl18 as conpared.-to 90%in

Eoncent ra{.d,,on 85% i n _
Lonpar ative Exanple C17) perni tted fabrication of a filmwth hi gher
_.bor osi t% ER2mpRYes-$3 b Tompatdive Eamplead be achi eved by nerely increasing the -
conmpat Pbl € T1qui d concentra- tion. Exanples 25-33 and Conparative Exanple. = .
19 A oommercrally available llqwd-llqurd phase separated - microporous polypropylene film, Accurel™
available from Enka America, Inc., having a nominal pore size of 0.1 micrometer, was oriented at stretch
temperatures and stretch ratios set forth in: Table 8, with-a preheat time of 60 seconds and a stretch rate of
1.25 cm/sec. The resultmg microporous films and -the comparatnve non-onented Accurel™ film were
evaluated for thrckness Gurley value, pore dlameter poroslty and matnx tenslle properhes The results are
set forth in Table 8 . '

/.'.
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30 A tomrercially available |iquid-liquid phase separated mi croporous

pol ypropylene film Accurel[erg
a nom nal pore size of 0.1. m

avai l abl e from Enka Aneri ca,
s oriented at stretch

tenperatures and stretch ratios set forth in Table 8, with a preheat ti
of 60 seconds, and a stretch rate of 1.25 cm sec.

filnms and the corrparatl\ua ncqu-
t hi ckness, Curl ey val ue; -m-_Qore

The resul ting micropor B
oI DJISAZ & e&[grg] gilmwere eval uated %
, galyd matrix tensile

dirari@ter 3 pordH 3
40' 45 50 55 17
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4f As can be seen fromthe data in Tabl € .8, orlentlng the fllmreduced t 'e

.t hi ckness and Gurl ey val ue
..mat i X tensile val ues werea
rease in matrlx tensHew
'.":_'terrperature ‘The thi ckness
.~the filns of Exanpte 30 an

Table 8
Pore

‘Diameter
(sm)

. Gurley
value

Stretch’  Thickness
: (S/SO_ cc)

. (m) -

emp (°0)

4
" Stretch E
tatio

. E‘:'x'-.a.m'“ le

- 55 -while the pore. dianeter, porosity,
le 30 and 31 dem onstrate th¢
1% Byaincreasing the stret¢h

.and porosity of

gased Exa

opgr 1 &3 At Fatn
Gur e~ Valte® ﬁo%wl'ﬂneter
Sl vere subst anti ally

0.26
0.34
0.40
0.38 .
0.46
0.38 j
0.49
0.50
0.45
0.52 .

31.8
22,7
"12.9
13.1
6.2
11.2
4.5

4.2
1.5
3.4

97 -
94 -
86
86 .

19
86
6 .
64,
LR
83 . .

1200 -
120
15015 120 [
11200
120
138
138 ..
138

1.25x1.25

1.5x1

21

2x2

2.5x1
2.5x2 -

- 1.25x1
22

21

28
29
30 -
R} &
33

32

As can be seen from the data in Table 8, orienting the film reduced the thickness and Guriey value,
3 whlle the pore dlameter. porosuty. and matrix tensile values ‘were increased. Example 30 and 31 dem-
'_.onstrate the increase .in matrix tensile properties attainable by increasing the stretch temperature. The
:'-_;mlckness. Gurley value. pore diameter, and porosity of the films of Example 30 and 31 were substantially




l.ar. 18 EP 0 309 136 Bl Exanpl es 34-37 and Conparative Exanple C20 A
4mrercially available liquid-liquyj ase separated m croporous

! ypropyl ene film Accurel[err] %g?%}o\ssg B om Enka Aneri ca, Inc., having
nom nal pore size of 0.2 mcroneter, was oriented at a stretch 5

tfenper at UE@%HQSﬁ;,gb&]magﬁvy\gamg@c@éeheat time of 60 seconds, a stretch
rfat e of 1 ; ratios set forth in Table 9. The
resul ting maCeoRintercRih® abdilhdies iqutiqhitl SohadeTRparabd \iicroHdRud fobigstbrybne\Gikn) rA2turdier I |
fli | m wer eavgldeb o Erkd Aherich) 16tk MeVify a faridabdord/ sitelid? 0.2MEremeélérawat didntedod Rabetety |
gnd Matsr | PmpePdlsb lof 120" OPWithl 4 Preheatl firfe HIEEDUetdhdS) laGtreiEH rafeCdt 11125 ichvsdel ahe the strdtéh 15
10 25 30 rfos46t ié ibDable 9. Ehb Rsldg midépoRiis MO Bral the confparative Rdn-oriénted Accurel™ film 5
@ ? _ h ivere evaluated fé thicknes3) Giulby value, pore diameter, porosity, and matrix tensile properties. The
{1 C C results-hre 8é forihan TEBe®. . _ 15 '

IWQ 20~~~~~~~~~~~~~~mm s Li oo : : . hi~ ~--
CD %) 0 25 . -B, , 30-

C a- 3. | , OWP "' v.4 hi -P4 30 .' ;

A X .45 -4 C4 D >S
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AS: P o f f f: | ' 9
le Ln f .N :.; - f 0 As can be seen from t
data in Table 9 ori ent| ng tlgpd3d9m3ee§;iuced the t hi ckness and Gurl ey va
55 while the pore dianeter, porosity, and matrix tensile values were ]
i ncreased. EP O 309 136 Bl Exanple 38 and Conparative Exanple C21 A §
bl end of 30 parts nylon 11, a thernoplastic condensation polyner avail abl e
fromAl drich Chem cals as catalg nunberd‘i:SdlS 3", and 70 parts propykene
carbonate, a conpatible liqeid I(j;a e°f Aldrlch5 Chem cal s, wer
batch m xed for 3 hours at g@[_err] unde'r-a-l'utrogen at nosphere. The blfend
féermed a honogeneous sol uti §@§ @i ch was- pressed -between plates heated tg@
[err] to form=a film approxt’dfely 0.5 nmmthick which was then quenched"
a 5[err] water bath. The sh eltas wer e gg tyacted in 1,1, 1-

trichl oroethane to renove t é)lpylgene Bagb@ate and then dried in air
under restraint. The result ng &l m3¥ St Pethed 2X2 at 121 [err] (Exanple
3% and eval uated, together with an unstretched sanple of film 10 '
(Conparative Exanple C21) for thickness, CGurl ey val ue, pore dianeter, bylk
density, and porosity. The results are set forth in Table 10. Table 10 15

>S5

1

npar ati ve Exanple C21 Egzmplﬁ 38 i Bk@ess [err] 880 _ .
5630 Gurley value (sec/50cc)S & ~no alr fl ow 4561 Pore Dianeter (err "
not neasurabl e 0. 3628 Bul k density (g/cc): "
-0.979 . 0.318 P8mesity (%:11.0

71.1 A5 can be seen fromth®W datg i, Tqabhke~lQy the unstretched sheets hdd
.no neasurable airflow, while the*2X¥ Str&t chél sheets had neasurabl e ;.
- d¥fl ow (4561 sec/50 cc Qurley value). 26 A phot om crograph of the § 2
‘unstretched filmof Conparative Exanple C21 at 2000X magnification is slown
~in FIG 15. Although this unst getjched fil m has an open cel lul ar structurfe,

. the lack of airflow indi cates Bhat ﬂlé"‘cgl s Y%re not connected by porest
"t hroughout the thickness®™pf th 2 m ‘#\lphatomcrograph of the stretched
~fedmof Exanple 38 at 208DX ma®nilfication is shown in FIG 16. This :
" stretched filmhas ellip8pidal cells connected by pores. The pores are
<~ nterconnected .t hroughout the ﬁ:l Ijm as evi denced by the 4561 sec/50 cc |
caurley value. Exanple 39 and ghrglar & i§exEBa®l e C22 A blend of 30 partg
\p’ol ymet hyl methacrylate, a ng: e-rystcald’lqe-an‘mr phous t her nopl astic pol yTr
7
|

- ati l-abl e from Rohm & Haas und® khe trade desi gnation "V-811-100", and {70
“ parts 1,4-butanediol, a conpatible |iquid available fromAl drich Cheni ¢ | s,
cer e batch nmixed for 3 hours at @o0[err]r a nitrogen bl anket. The bl end |
“formed a honogeneous sol uti orﬁ' chope® |re&ssed between plates heated tag
.'i-'i':f'-[1§6(5) Cto forma film approxi 'ﬁ @ T\ ¥hitk which was t hen quenched p n
O [err]r bath. The film en extracted with isopropyl alcohol to}
-.f'{,'rermve the 1, 4-butanedi ol and then dried in air while being 40 restrained.
“*The resulting fil mwas stretchgd 2X2 at 115 C (Exanple 39) and eval uat ed,
\“SQet her ‘wi th:-an unstretched sg@gll ePff& @ & Conparative Exanple C22) fjor
o ckness, ~CGurl ey val ue, pore 8i3nmertr? turk Wensity, and porosity. The |
esults are set ‘forth in Tabl efll Table 11 45 _ '

L WD
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- _' As canbe seen from the data in Table 9, orienting the film' reduced the thickness and Gurley value,
66 while'the pore diameter, porosity, and matrix tensile values were increased.




nparative Exanple C22 Exanpl e 39 Thi ckness (err 710

HO\Gur | ey val ue (sec/5Ccc): no ER 0 309 136 B1 137.1 Pore D aneter

- gerr) not measurabl e 0. 30 BuI k Density (g/cc):

g 843 ' 0462 PorosMy (99 : 28

d0.9 55 Exampip/dde moaigtive fxamigle €2l unstretched fil m of Corrpar ative Exanple
422 at 2000X ma n|f| cation is shown in FIG  17. Althou h th| S unstret cged

i | m has an 06@? Pa’§t"rV'8EEt‘brae‘hert“ﬁ@asf"aﬁ%d%‘Fa“a“ P?'Y’PRNa

del | s ar easfate °€ PFFE" %% "HlﬁaEP Pfa ef gonf!tm q;tfgmg @ Ezl;i) gch
dhot omni® were { ;orme a
oL om Crh # gf ﬁ e11 m?teﬁrs%éeﬁg A fl ake?

IS shown lutiop i
3 Iolgmlgg é% rgo ﬁ é‘%’;gimf gﬁﬁ) Iene %ar%?\{ﬁg%n@{hgrr §4 Qijl)tEH&grcje tre é%ﬁé)}egﬁggtﬁlrﬁ he.

it Iua

he var] oJd m 0851) ud) ponte la?ne'td?vlﬁlm deRfity V! poRSity. The
i
s d gﬁl |iﬂr OUt

pparen departing fromthe scope of
his inventl this i nventlon shoul d not -be restricted to that set
orth 5 herein for illustrative purpogggi0C ains 1. A mcroporous article
onprising a thernDpIastlc polynerlc structure forned by liquid-liquid
hase 30 - separ gtromtavrmga P at Tt TE C ent cells

e ng i nter conngct 4d by nassagp\m{jq fR"‘R?‘%\‘ﬁ . 'I r?%l\n- ngJ gmruni cati ng
pores, said cells cormdnesé(myn):voi d spaces eamased by fli bB¥us, Ilacy or

eni - cont i nuous bol nGlaley eaduedsed/Sie): nig el he gisflowdal in gha#p8, and said
‘$tructure bei ng orichorebiameterdemk easft oneotdtesswableon. 15 MD30Thd article of
| ai m 20 wherei n-t hg Butiedensitpligiesd:i ¢ plol yrrer i%978n ol ef ijni c BByrfer, -a
‘wadensati on pol ynarPorasity @ oxi datijon pol vk . 3 Thelart{%le df claim 2
erein said olefinic polyner is high density polyethylene, |ow density

pol yet hyl ENQs chPbe/$2BR RO B8 ata MOTHI6I 10Ythe Grdtidtetiot Sivgts pad o asasurable airflow, while the
jut adi enexedirbiohedl shebtsall yidBsurablélairfod (3968 be2/50 €O Blriby Nalwey pol yner, sai d
ondendat i om prolosicRigrapt op B Yimstietched flol of Crimperative Bxgropie 1501 at 2000X magnification is
0l ysul f.oshewn &FIG.SIEI Althooghdidid urahietgret! filrehas ias open| cplvlae shpktarecthe laticad airflow infigetes
qrticl e ofhatathy cells acai nopnedtad by puinesr trowgherd ithd thickness of the dilre -Anghetorvicregeapht eicthe ve
i aet er  stfetcBed)iim tob ExeBlecdBral 2Q00X megnificytion Bshawmiy E1G, 16 This strefphedyfily has llipseidal g
Cl ai m yhecads momadtel byt pares: (The: phras ar injereengectag tyoughewt the figrps igensed By, dhe 4561 cI e
qf any presScnGuisl sdlva wher ei n said structure further conprises at |east

ne i mbi bi ng material inbibed therei n 30 7. The article of claim®6 wherein
ai d i nbi E!‘Eﬂlg'eﬁﬂﬁﬂdﬁmpam" a fragrance, an anti st at i c agent, a

“qurfactant, a. et c de t a ed car 0 or _a of
'ﬁy pf%ﬁd'ig 5 : il f‘:g,i;aa m:‘q*'"g”%“hewf *"°"¥° Beflorbei
eet mat 8 i t ‘% _

: londh

d ava @0 X &QP'A ng
i el"he ' E's tnofi‘Ol cl?w égao%%gﬁ QHﬁs RdaiddGb Ur €
?gb Ossrﬁr'n ick Which wiPh& dudhchedin 2’5078 WhitBiChathO¥he film
preparing,, ﬁeﬁm{v r§op?5pw zﬁéoﬁol Qf reidVe b Q @iliahddiof bt tHaniHe& I ﬁpmﬂlblb‘éﬁé
e st e!‘psre ained. The resulting film was stretched 2X2 at 115°C (Example 39) and evaluated, together with an
unstretched sample of -film, (Comparative Example C22) for’ thlckness Gurley value, pore diameter ‘bulk
densnty and porosity. The resuits are set forth in Table 11.

_Table 11
a5
. _ Comparative Example C22 | Exampie 39
Thickness (Lm): 710 o 140
Gurley value (sec/50cc): no air flow 1371
%0 | Pore Diameter (um): ' not measurable 0.30
Bulk Density (g/cc): 0.843 ' 0.462
_Porosity (%): ’ 286 . 60.9

.85 A photomlcrograph of the unstretched film- of Comparatwe Example 022 at 2000X magnification is
shown in FIG. 17. Although this unstretched film has an open cell structure, the lack of airflow indicates that
the celis are not connected by pores through the thickness of the film. A photomicrograph of the stretched
film of Example 39 at 2000X magnification is shown in FIG. 18. This stretched film has ellipsoidal cells
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-a)_.mel t, bl ending thernoplastic polymer with a solubilizing anount of aF
conpatible liquid to forma 40 honogeneous sol ution; b) formng W

shaped article fromthe sol uigeqp @po! i ng sai d shaped article at a r ke
and to a tenperature sufﬂment%o Initiate thernodynam c, non-equili b um

l'iquid-liquid phase separation and then to solidify the thernoplastic
pol yethrected by pérés T ok ke iRter@brinbdtédethrouyhdut telfifh asldvideideti 611the Wkdelient Guiley t O
per naiue giflow oB137a3e@E0ec.t he article and effect 45 orientation o
t he polyarearipusamaliifiejtionscandvaltergtions of thia Jivestios wiliSiecapparat tp dwose siledn thdrert

C onpeithbus Ideparting, froml teestape f this invérition arglahislingsntiant shénildwpt bé @ptrictddlo thihet fwah hod  ¢f
clsai reredn fsiustrdtive mepogessol i di fi ed thernopl astic polyner is stretched at |dast
10 percent in-at |east one direction. 50. Patientansprtcho 1. M kroporaser
GegePsimend nit ei nem t her nopl asti schen pol yneren Gebil de, das durch
FI Gssi g- Fl ~ssi g- Phasentrennung gebi | det worden ist und sine Mehrzahl vagn
Zel | 'an A migPeEoUs AHigler coperisinghd Mefmoplagtic| Rojymaric structurpcformed by diqpigliquid,ghage \ on
ni% ei né?ﬂﬁ@ﬁmv@"ﬁ%ﬁd@'l‘féw PorWh %raﬂ???dbﬁ?fé bR'& %"’%ﬂ?‘"\%l by pasgagRNaYs R o zel
| eere aaﬂ‘f’%f’%@ﬁ‘“‘“ﬂ?‘él“ﬂ/ﬁ‘ﬁe ‘1"%5 & prgys lecy

hal bgeiaﬂgﬁ"aﬁ@ et E‘é’@‘?“@?ﬁzﬂﬂgbgﬁg 8\'?F§E§d'h R ed 57 ammraf RGP R BEbi di s¢he

For m h TS genannt e CGebilde in mndestens einer Richtung orientijert

Thé
| por es gge aitr'd of g'a'm % r ouﬁe"ﬂ%n']:atgﬂct ﬁéa?e' Ijils”;n%g:?'qa 35?3,9 ﬁ%reqb&xﬁgggﬂgicel | §nt
-Qurl ey v'gru’e alﬁ’? ow o 537 1 sec/ 50cc. The various rmdlflcations and

- al tef atrhdRRicio o L it 2 W& hidaid Ybrinic Mnﬁpﬁsaﬁvﬁﬁtdehﬂtytm Pyiode. idwederdsiyy the qrt
- Wt hoUborghetyhd, | poprhiyind, Lofviti-eitainitg doltmsr, Ibd@EHelco pf YheP, dr A¥GlRlsl ON |

- 'sfgoul d cehbinindboly e, dids bch@erisslioh Bajme & polyastbrIpdlyamit] .sus te] or|peigduliste] Ve
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Ak Fi 3M|kropordser Gegenstand mlt emem thermoplasuschen polymeren Gebulde das durch Fllissig-Fllssig-

. '-_.Phasentrennung gebildet worden ist und eine Mehrzahi von Zellen, und einander benachbarte Zellen zu
" .~ 'ginem Netzwerk von miteinander verbundenen Poren verbindende Kanile aufweist, wobei. die Zelien
.~ ~leere R4ume aufweisen, die von faserartigen, spitzenartigen oder halbgeschlossenen Begrenzungen
.- eingeschlossen sind und eine elhpsondnsche Form haben und das genannte Gebilds in mindestens
s '_';emer Richtung orientiert ist. ]
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b) forming a shaped article from the solution;

¢) cooling said shaped article at a rate and to a temperature sufficient to initiate thermodynamic,

non-equilibrium liquid-liquid phase separation and then to solidify the thermoplastic polymer;

d) stretching the article in a first direction sufficient to permanently attenuate the article and effect
45 orientation of the polymer; and

€) removing at least a substantial portion ‘of the compatibie liquid before or after said stretching step.

as

10. The method of claim 9 wherein said solidified thermoplastic polymer is stretched at least 10 percent in
at least one direction.
80
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1. Mikropordser Gegenstand mit einem thermoplastischen polymeren Gebilde, das durch Filssig-FlUssig-

Phasentrennung gebildet worden ist und eine Mehrzahl von Zelien, und einander benachbarte Zellen zu
85 einem Netzwerk von miteinander verbundenen Poren verbindends Kanile aufweist, wobei die Zellen
leere Riume aufweisen, die von faserartigen, spitzenartigen oder halbgeschiossenen Begrenzungen
eingeschlossen sind und eine ellipsoidische Form haben und das genannte Gebilde in mindestens
einer Richtung orientiert ist.
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Revendlcatlons

1. Article microporeux comprenant une structure polymérique thermoplastique formée par une séparation
4  de phases liquide-liquide comportant une piuralité de cellules, les cellules adjacentes étant reliées entre
elles par des passages pour former un réseau de pores de communication, lesdites cellules compre-
nant des espaces vides délimités. par des limites fibreuses, ajourées ou semi-continues et étant de
forme elllpso'luale ot ladite structure étant orientée dans au moins une direction.

so 2. Aricle sunvant la revendication 1, dans lequel le polymére thermoplasthue est un polymére oléfimque
~un polymére de oondensatlon ou un polymére d'oxydation.

8. Article suivant la revendication 2, dans lequel ledit polymére oléfinique est du polyéthyléne haute
' densité, du polyéthylene basse densité, du polypropyiéne, un polymére contenant du polyvinyle, un
- polymére contenant du butadiéne ou un polymére contenant de I'acrylate, ledit polymére de condensa-
tion est un polyester, un polyamide, un polycarbonate ou une polysulfone et ledit polymére d'oxydation

est de I"oxyde de polyphényl&ne.
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~#©lle est inbib6e. 0o 7. Articl EP§A0RAREBla revendi cation*6, cdah "
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sui vant |, ,gym-,%ugpmmg%m,bﬁ,gd/&ggg"ga&l,mgéeprdcdden- tes, qui conprend |es
et apes: 20 a) de nbl ange-en phase fondue de polynere t her nopl asti que

aveciure AtiddlbdivaRt 15 RUehBictios 8tafs IBqudia imatitié SHRnbIAIGR 8stiuk nddibment, LiPparm, uane
sol uti on &eAektEquelin ddent kensiogiif @ pesticide, dl:rd“aibﬁ#eeacﬁ\ﬂgﬂmﬁ pigeRartir de |a
solution; c) de refroidissenent de |'article

t enper &t uAmclssdvﬁnhtS'mtqaacqnqquep reveraiations pricideregsadant lequel ladit giiciesemprend une .

i qui de- | mefidrecan feldiiencatte datiré pibfeeille priissnianidy réseducugiitale pers dé tamr@ypication qui pour

%I i1di f | es'étbrd suobnensurfacetinpariante e tat maligre; enduilly’ &f une strycturdenoh migraporobse diunes uniﬂt

prem bre mampmﬁsmm&nta@tmwremfmm de fagon permanente |'article
effectuer |"orientation du pol ynere, de separation d' au nons une
" parti e % nfyeedé e eearatipn emtad@'ecwm%w '4PR qugigongus das revepdicatinns grégdden-gge.
90 10. Prig®aFoRerPRAIPR ép8s i cvendi catjon 9, dans |equel |e pol )érrbre .
Ather? nopl as"? e, méiangs gn, R!Pﬁef fandug flo golypire tt;;gwpmqv& avpp Uy, ‘H’é?f‘;‘éo

idb com r une solution hom
direction. ? f%?;nag?t\ (;?un artlclggconné & partir de la solution;

c) de refroidissement de ['article fagonné & une vitesse et 2 une température suffisantes pour
provoquer une séparation de phases liquide-liquide de non-équiiibre, thermodynamique et ensuite
25 pour solidifier 1o polymére thermoplastique;
" d) d'étirage de l'article dans une premidre direction suffisante pour amincir de fagon permanente
I'article et effectuer I'orientation du polymére; et .
e) de sdparation d'au moins une partie importante du liquide compatible avant ou aprés 'étape
d'étirage. ) :

10. Procédé suivant la revendlcatlon 9, dans lequel le polymére thermoplasthue solidifié est étiré d'au
moms 10 % dans au moins une direction.
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