; Xye3e2/ LX46] T%B Docket 2000.83 DI FFUSI ON MEMBRANE Fi el d of the Invention
A di ffusion nenbrane is nade from a blqu of an aliphatic polyolefin and a
t her nopl astic ol efin el astoner. Background of the Invention A nenbrane is a
structure that acts as a boundary between two distinct phasesmw i

the novenent of nol ecul es between those two phases to a great WIW/HM@M’I
extgnbbclgkszggggggnt is also rgferred to as diffu;ion. N@nbranesqﬁgx
solid; . €., “'non porous, or sem perneable, i.e., mcroporous. The

m croporous structures act as diffusion barriers, as well a hi

efficient filters in the range of nolecul ar dinensions, allow mmmm%ﬂﬂ,ﬂﬂmm
ions, water, and other solvents in very small nolecules, but being a

i mper neabl e to macronol ecul es, DEFFHSEONpMEMBRANE and col | oi dal par i9°%f%s.
These nenbranes have been used in industrial operations, such as waste

| i quor recovery, desalinization, electrolysis, osnosis, and dialysis and in
commerci al applications, such as flowregulators in lighters, nenbranes in

oxygenat ors, separators in chagspe storngerdexheesn(e. g., batteries and
fuel cells) . - 1 One such nenbrane is referred to as a "Cel gard”

menbrane. Jhg: £phgat HERBLANE BaSndALAUERNYSHGAUNPIAPE IAS At {5 Made
by a unique dry stretch process In which a sem-crystalline polynmer is
extruded, anpeal ed, and then stretche o_form a m croporous menbrane. See:
cost g YL SR g ot PRt BaPp TP R L EnB s e 82 S5 aMet + | on. John W16y &
Sons, Inc., New York, NY, 1985, pp. 290-297, and Bierenbaum H S. et al.,
"M croporous Polyneric Filns," Ind. Eng. Chem, Prod. Res. Develop., Vol.
13, No. |, 1974, pp.2-9, both are incorporated herein by reference. Such
menbr anes have been for ne@achkososld @& ftihisedaviand ifdmt sheets. These

menbr anes have been useful as nenbranes in bl ood oxygenators and lighters,
and as separm¢mbsan® batdestesctWiel ehthesetseabr andounalse ymble tadn grveat
comerci al success, there is a desire, not only to enhance their

per f di@ntect Nplexsss | Mgd appsieaki oNe, mbitkmahs0oFo mdileeididlsy Helt@idenUShde
addi tional applications that could require greater nmechanical strength

whi | & i hY 24 &l NG thegHeh g8 B1CLERBEPUSxEEAUCT UG 1 af roheseenhy anes,
Accordingly, there is a need to increase the nechanical strength of such

m CT QROF QLS AR ANSE: #ELHOYL  SafEkbLahag 1RS BLCGORAROUS strughyre of

t hese nenbranes. - 2 These nenbranes are typically rfrade of polyol efins,
such _as_pol ypr.op yet hyl en I own4n the filmart that
nechlﬁﬁxﬂsSt?%ﬁ%%i?é%f%ééﬁfébr%Ué'bo %%#%Béfgﬁg'fiF%g W&frﬁgofﬁgfeased by

t he addition of polyisobutyl ene rubber and fillers, see S. Patent
o1 BB e AR oS bk bee R { PRRE . bes well’ a*Righty eF?i&lent

filters in the range of molecular dimensions, allowing passage of

ions, water, and other solvents in very small molecules, but being
almost impermeable to macromolecules, such as proteins, and
colloidal particles. These membranes have been used in industrial
operations, such as waste liquor recovery, desalinization,
electrolysis, osmosis, and dialysis and in commercial applications,
such as flow regulators in lighters, membranes in oxygenators,
separators in charge storage devices (e.g., batteries and fuel

cells) .



i nproved by the addition of an el astoner, see U S. Patent 5,071, 686; and
non- por ous hi gh density polyethylene filnms may be i nproved by addition of
el astonmers, see U S. Patent 5,635,262. None of these prior art references,
however, teach or suggest how one may inprove the properties of a

m cr opor ous nenbrane while nmaintaining the porosity of the nmenbrane.

Eur opean Publication No. 1,153,967 discloses a m croporous nenbrane nmade of
a resin conposition conprising an alicyclic conpound and a resin sel ected
fromthe group consisting of polyolefins, thernoplastic _elastonmers, and
graft polyn§?§.5$ﬁﬁoWﬁWHg?9? fﬁe¥%%?§r§an58daﬁnathge g@r%b?§gl T of

i nprovi ng the mechanical strength of a m croporous nenbrane while

mai nt &F ke ngel gerdoresPr§nef e peUb@YE aRBY SSaAmPyOBrRTEAE S| Ppchtiisomale by
di ffusion nenbrane is a mcroporous sheet conprising a blend of an

al i pha ienpoghyoliefi st aadcla phecebpl ast whichedi reiIPOryelttadtlamer pdolhendy eins
conprises less than 10 percent by weight of - 3 the el astoner. The

pref erd-ed-pady ol £ihosled e sedeched stoatahgioup €opml at migrebopeluet hyl ene,
pol ypr opyl ene, copol yners thereof, and bl ends thereof. The preferred TPO

el ast set ect the grou ESLi hy| ls | ene
rubbers 5%ﬁ%§$'et%§%éﬁ§e%$%%%igﬁegdfngy§g§%3?5n€?é9ﬁﬁg%grs %E%%ﬁ&%xaﬁg
conbi ions thereof .. Detail ed De i pt he . |,nv i.on_The rane
G ool CEPT oioofe il S TiRs RiCht ale” Skpy i'ngl,%rr’bi gP- S,

i ncorporated herein by reference, The penbrane has t hi ckness less than 2
mls @5F BTy Upr ferdbl §E125s t h%hCEOB‘PFO*(‘%5Pﬂ1?XF‘8ﬁ§f, FadgSmostInd.
preferably, in the range of 0.35 t0 0.9 nmls §8 to 23 mcrons) in

t hi ckri®xs. G nendrete 5851 HavelaPrachPhe 4P r el®i oh/ ( WBY 4t eBBI-Re 9t RO h
(TS, ASTM D638) greater than 1,500 kg/cn2 and a puncture strength (PS, test
met hock mke sigrd dyeeb het eh) hepreiat dry t hahedd0cy/ ni fuclTheembravper bavyembeiemnane
will have a Gurley (ASTM D726B) of |ess than 35 seconds/ 10 cc, preferably

| ess thamed secs/hdow Thiser sresd ahkst nalyedes usethase agpbgaaktkehatiai ngs,
battery separators. These nenbranes may be made by a phase inversion nethod

or a gaeStyftimln ned heshiKesdd nth b4, oRPGESa 23¥=29%d andhBeekenhauMy s

| bid., both are incorporated herein by reference), but the latter nethod is

prefe@%%%réﬁég? %ﬂTgéggéngQyous menbrane wi Il consist of a blend of an
pol yol e

al i phatic In and a thernoplastic olefin (TPO el astoner.

While these membranes have met with great commercial success,
there is a desire, not only to enhance their performance in
existing applications, but also to diversify their use to
additional applications that could require greater mechanical
strength while maintaining the unique microporous structure of
these membranes. Accordingly, there is a need to increase the
mechanical strength of such microporous membranes without

sacrificing the microporous structure of these membranes.



The blend will consist of |ess than 10 percent by bl end wei ght of the

el astoner; preferably in the range of 2 to 10 percent by bl end wei ght of
the el astoner; and nost preferred, 3 to 7 percent by blend wei ght of the
el astoner. An aliphatic polyolefin, as used herein, is directed to a class
or group nane for thernoplastic polyners derived fromsingle olefins, and

that are chyaQ eldiRthAE HrFai G rcor1Pranededs ﬁ@@yalefﬁﬁagegﬁeh afs the

constituent carbon atons. The |nportant ones i ncl ude po yet hyl enes,

pol ypr Ienes yhut e opr epe th nt d ir
copol § r?@ or olgréfepealﬁn @éﬁ/etgl%eyésrg cted J%rg?ﬁll%(‘ﬂ g¥og§ec§ﬁ§F5?Fﬁ t%‘fa%
pol yet hyl ene, polypropyle copol yners thereof, and bl ends thereof.

Pol yefRyihemd Cedf s Spicthe dbt Y4l RPHIYH-RRIP T YPHbEYRL Ayl BReMAVPRg a
density (ASTM D792) ranging fromO0.95 to 0.96 g/cn2, and a nelt flow index
(MFI, iASTRIRBEZE®Y TOGCaskstit2iore & Iryra)butankgme frohed. 38dt 610142s,
dg/ m nutes. Pol ypropylene refers preferably to an isotactic honopol yner

Wi th aedemnsist.y PeABHY @1,305), o5 ;abeut -dh 8905 arakleaddhg ( ASTi 1238, b230C/ 2. 16
kil ograns) of 1.5. A TPO el astoner is a copol yner or terpolynmer based on

pol yok ehirBveeneeihe BAIGi@XIMISE £t il et opydeneyr gbbpstéFPR) - 5 i's
a copol ymer and et hyl ene- propyl ene-di me (EPDM rubber refers to a

ter poby s, cBe! eLabliby e dRR s dbonoy sRaoskiYedASTMMGAG) AL

about an et nonomer cont ent

by mel t an nar nDIe el ht distri Pr ef he EPDM
has at Ef?é’?gv%g éjldfyloﬁlt eeﬂﬁ? "5t s 8T §t2)u§ Q%?Wtfeﬁegg% %%‘%}t of 69
to 70 percent by weight, and a dinme content of 0.5 to 3.4 percent by

wei ght¥ongnatt ﬁéem BEIPET AR PR SHAGTHUtINERE DeL R HRF BHIB@sor how
narrow. The instant invention will be nore fully appreciated with reference
to th@nﬁomﬁwwﬂm@réyanﬁbésPﬂBR%ﬁﬂ%%sE%%ﬁpﬁ&??PPQ¥OQﬁ EReb7aRe evinbhe por ous,
precursor (i.e., before stretching to induce porosity) filns. Exanples 2,

4, 6, mandt8iaiegnicteopoross tye e dies meAblrarg er iBlsoneare Bhlehteat byn No.
conventional nelt blending techniques. Exanples 1 and 2 are a bl end of

pol yet hyEenes(HRREc1derSi oy mi ddpud;ouldlmemi-adizy nmedk unf nol essd@r wei ght,
narrow nol ecul ar wei ght distribution) and an EPDM rubber (Mboney viscosity

- 45, -pRpe8AL i8hhybeal %ml@% REQa/My i cobdundHAOW B eou| 281 46t 84t

distribution). Exanples 3 and 4 are a blend of a polypropylene (isotactic
honDp?k%HEEhedggghEycongl%ggnéwaf gdhf@léfyﬁéﬂ]éﬁa 5 éPs,
and and are a blend of a polypropy ne same’ as

in- 8.4 graft polymers.

Accordingly, there is a need in the art for a method of
improving the mechanical strength of a microporous membrane while

maintaining the porosity of the membrane.

Summary of the Invention

A diffusion membrane is a microporous sheet comprising a blend
of an aliphatic polyolefin and a thermoplastic olefin (TPO)

elastomer. The blend comprises less than 10 percent by weight of



Exanpl es 3 and 4) and an EPR rubber (Mooney viscosity - 51, percent
ethyl ene - 61, narrow nol ecul ar weight distribution). Exanples 7 and 8 are
a blend of a polyethylene (HDPE, density - 0.961, MFlI 0.38) and an EPDM
rubber (Mooney viscosity - 52, percent ethylene 70, percent dine - 3.4,
broad nol ecul ar wei ght distribution). The nenbranes were nmade in a

conventi onal o SBHREr . byTRe dp¥e 8EL0EENHBIP6@8S 1B WhiCRehRR tRIENd-dd a group
extruded, anneal ed, and then stretched to formthe m croporous nenbrane.

Test Me d e S Lanal_. (sec/l Qce or
sec) wed HeTuhe o AcRef Tt SRS BB B T b el Rl T e
measured as foll ows;, Ten neaSU£ene%%s are Eade across the w dth of
str et CHEPFHT ddRRTS2hd aVRr ajEar A RATEER SLETEAESFERATPefedre tAThITAN he
used. The needle is 1.65 mmin diameter with a 0.5 nmradius. The rate of
descergrdup X oms skl rmdof het avibene - pfop¥l eBet rohbeyse (BRR) Thethivilmries hel d
tight in the clanmping device with a central hole of 11.3 mm The

di spl anemrter{é Ndienge of etpel fineénst habbaas pPEEDEEd bBydt hembeedltd oms
recorded agai nst the resistance force (in gramforce) devel oped by the
film cHhe-qemetrati on energy (puncture strength) was defined as the product
of the resistance force and the displacenent at the nmaxi mum point. Tensile
strength (TS), in the machine direction, was neasured 7 according to ASTM
D638 using a 2-inch X 0.5-inch sanple, 5 neasurenents were averaged and the

average was reported. .TAB .end _El astoner Thi.ckness m | Tensil e
(TS) kg/cnRPuncture ( 8LFed PXONPLERLBRYOE 2nkoTRl TGN

sec/ |1 OCcc100. 56928293NA50, 611 184329NA100. 451250378NA200. 4411733732250. 481837
46823100. 40FE29%F B B 34704932 ORATHOPBE S0 BSTRRADG. 75 F44635
31950. 69158042622100. 491669494123500. 831040311NA50. 7011373S0NA100. 591420408
NAG00 KP5:t-i3852 650 &5~ - Uppoaen? 5ed - epe 870y s5ef e 5onas0. 88he2pgNRTra0.88as9
9NA80O0. 74- - 2882550. 70- - 32732100. 70- - 35588 The present inventi on made be
enbodisedthirlotdms Fegsstivin hounitepbds® i mgcfonm t hereperbblandeske tbemt ral
attributes thereof and, accordingly, reference should be made to the
appendgd cl2a nwicratdier dmdimdot tivee foraigby ngispebef raateonf as3sbndiocat.ed
the scope of the invention. - g _

mils (8 to 23 microns) in thickness. The membrane will have a

machine direction (MD) tensile strength (TS, ASTM Dé38) greater

than 1,500 kg/cm2 and a puncture strength (PS, test method

described below) greater than 400 g/mil. The microporous membrane

will have a Gurley (ASTM-D726B) of less than 35 seconds/10 cc,

preferably less than 25 secs/10cc. These membranes may be used as,

among other things, battery separators. These membranes may be

made by a phase inversion method or a dry stretch method (Kesting,

Ibid., pages 237-297, and Bierenbaum, Ibid., both are incorporated

herein by reference), but the latter method is preferred.



That which is clainmed: 1. A nethod of inproving a nenbrane conprising the
step of: providing a m croporous sheet conprising a blend of an aliphatic
pol yol efin and | ess than 10 percent by bl end wei ght of a thernoplastic
ol'efin el astonmer selected fromthe group of ethyl enepropyl ene rubbers,

et hyl ene- propyl ene-di me terpol yner rubbers, and comnbi nations thereof. 2.

The met hod e | a5t i %p%ﬁ 0,10 percent
by bl end me?é C%%bgb#he %éth%g&%%nglgﬁ%?g%&%gﬁgﬁa t Sae asf%ﬁ%% c%nprlses
about 3.to erce bl end 4. Th m 1 wherein the
m cr op®t Hod? EﬁgePoﬂggliéféﬁr 2 eggetrﬁlé’l?l slé:c Haegfl% &IE%@ rétah%tao%‘?rd ai m
4 wherein the m croporous sheet has a @Qurley |less than 25 seconds. 6. The
net hod™ ¢ ?i%?ﬁ1¥1%£eF8Pﬁlﬁﬁeo Pol¢6FetPRg 49 TSR G ISR e kst of

pol ypr opyl ene, copolyners thereof, and blends thereof. - 9 7 The net hod
of d ailne lehhetenart hgreﬁerﬁb@bfaémi thel ebingeelodst2orter 1 metamttedy riohendie
group of ethyl ene-propyl ene rubbers, ethyl ene-propyl ene-di ne terpolyner

r ubberwe adide cofbt hat edastbhereobnd BosA prifedreld,i oy inpa-d@aibnape
conprising the step of: providing a m croporous sheet having a Gurley |ess
than 35 segopdsgrOMBEI $hRJe2aBkeRd0f an aliphatic polyolefin selected from
t he group conS|st|ng of pol yet hyl ene, pol ypropyl ene, copol yners thereof,

and bl ends thereof, and a thernoplastic olefin elastonmer being sel ected
fromthe group consisting of ethyl ene propyl ene rubbers,

et hyl ene- pr me 0 rubber s nd conblnat .ons 't hereof, and

t he elastoﬁﬁg ﬁhﬁ??éﬁﬁg E?SH% 58rc8ﬁtu8§dbﬁgﬁﬁlﬂéldﬁ: gkt f1ud on
menbrane conprising: a mcroporous sheet conprising a blend of an aliphatic
pol yol &35¢ il ArPWer ABPFadPrc tBPEFNPRIBPEICORELYTERE Biedrid St fHam i SHgiI ks s
than 10 percent by blend weight of the el astonmer, the polyolefin being

sel ect@E fFi¥nsn tﬂq@gg‘fﬂb@b eéﬁspbﬁrﬁgt@rls@ﬁyéVhyorCéﬁéghﬁol VB Sppinete)d - chain
copol ynmers thereof, and bl ends thereof, the thernoplastic olefin elastoner
beingesmﬁ&mg&mbmtcmﬁthhe-cQﬁstitgenupca@hghsatngsof gtley liepermeony lcetss
rubbers, ethyl ene-propyl enedi ne terpol yner rubbers, and conbi nati ons

t her eafnc e Thel yetrbhy aseesf £baiyprOpywhenesn bbeybuertheeqmpoilsasdpataman 2
and 10 percent by blend weight. 11. The nenbrane of C aim 10 wherein the

bl end EE@M@@@SB and 7heercesbobymbhend wekghtrarivlleh
A3AAAL; bol¥ o =Y aEe

s. Al a%ty A&]Lt cfgfa Ca]A;Cﬁ?# gF¥ah ECdmbl kv ARcoY] pah GeLegh ed ]eca]@%?@?—bg?) £3] ¢

a]ca]ca cal ca ca]ca]ca]ca]ca]ca]ca]ca]cTa c KRbc

+ 9~Xﬁqp%ﬁy ca%?ca 'caefcgefggfcgfcafcgfba]ca]ca]c
a]Ca]C%]%@réﬂ ](xﬂgcal ]gg §§l§a$8f¥ggk§?£ne gaV1ng a density (ASTM

D792) ranging from 0.95 to 0.96 g/cmz, and a melt flow index (MFI,
ASTM D1238, 190°C per 2.16 kilograms) ranging from 0.38 to 0.42
dg/minutes. Polypropylene refers preferably to an isotactic
homopolymer with a density (ASTM D1505) of about 0.905 and a MFI

(ASTM 1238, 230°C/2.16 kilograms) of 1.5.

A TPO elastomer is a copolymer or terpolymer based on

polyoclefin monomers. For example, ethylene-propylene rubber (EPR)
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G ()-&3"10%& ()--&109%6& ()- 9%40%& ()-\ 7 u dEnbCL$" 10%6& () -,

10968 () -%40%& () - $1096 ()-#10‘V@k§mp@k0%3&' ()-u ) hdEnbClg

100/&5& ()-.SH10%6& () -, @109%& () -*"10%&" ()-(z 109 ()-f& 109:& ()- !"#”bC
"100& ()- BAOMEI Y- 1, 18%&'s() ant0G 106 HE-pHIUN (JoRA@AUSR { e . |
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109%& 1
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ég?%b af%n@{%EéQP%?%% %%8&%& %Gao%ﬁl(%ateﬂfgﬂgcwere blended by

conventional melt blending techniques. Examples 1 and 2 are a

and

blend of polyethylene (HDPE, density - 0.959, MFI - 0.42, medium
molecular weight, narrow molecular weight distribution) and an EPDM
rubber (Mooney viscosity - 45, percent ethylene - 69, percent diene
- 0.5, narrow molecular weight distribution). Examples 3 and 4 are
a blend of a polypropylene (isotactic homopolymer, density - 0.905,
MFI - 1.5) and an EPDM rubber (same as in Examples 1 and 2).

Examples 5 and 6 are a blend of a polypropylene (same as in
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1098 (bemiAar b SISAERRHIAQVE, (Jor@®ent ional manner by a dry stretch
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Test Methods
All the test methods are conventional. Gurley (sec/10cc or
sec) was measured according to ASTM-D726 (B). Puncture strength
(PS) was measured as follows: Ten measurements are made across the

width of stretched product and averaged. A MiTech Stevens LFRA
Texture Analyzer 1is used. The needle is 1.65 mm in diameter with a
0.5 mm radius. The rate of descent is 2 mm/sec and the amount of
deflection is 6 mm. The film is held tight in the clamping device
with a central hole of 11.3 mm. The displacement (in mm) of the
film that was pierced by the needle was recorded against the
resistance force (in gram force) developed by the film. The
penetration energy (puncture strength) was defined as the product
of the resistance force and the displacement at the maximum point.

Tensile strength (TS), in the machine direction, was measured
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TABLE 1
EXAMPLE Blend Thickness Tensile Puncture Gurley
% Elastomer mil (TS) (PS) sec/10cc
kg/cm? g/mil
1 0 0.56 928 293 NA
5 0.61 1184 329 NA
10 0.45 12590 378 NA
2 0 0.44 1173 373 22
5 0.48 1837 468 23
10 0.40 1828 510 29
3 0 0.84 972 275 NA
5 0.84 1049 310 NA
10 0.60 1120 352 NA
4 0 0.75 l446 353 19
5 0.69 1580 426 22
10 0.49 1669 494 123
5 0 0.83 1040 311 NA
5 0.70 1137 350 NA
10 0.59 1420 408 NA
6 0 0.75 -- 386 26
5 0.65 - - 482 20
10 0.59 - - 462 68
7 0 0.88 -- 199 NA
5 0.86 - - 263 NA
10 0.88 - - 299 NA
8 0 0.74 - - 288 25
5 0.70 - - 327 32
10 0.70 -~ 355 88

The present invention made be embodied in other forms without
departing from the spirit and the central attributes thereof and,
accordingly, reference should be made to the appended claims,

rather than to the foregoing specification, as indicated the scope

of the invention.
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1. A method of improving a membrane comprising the step of:

providing a microporous sheet comprising a blend of an
aliphatic polyolefin and less than 10 percent by blend weight of a
thermoplastic olefin elastomer selected from the group of ethylene-
propylene rubbers, ethylene-propylene-diene terpolymer rubbers, and

combinations thereof.

2. The method of Claim 1 wherein the elastomer comprises

about 2 to 10 percent by blend weight.

3. The method of Claim 2 wherein the elastomer comprises

about 3 to 7 percent by blend weight.

4. The method of Claim 1 wherein the microporous sheet has a

Gurley less than 35 seconds.

5. The method of Claim 4 wherein the microporous sheet has a

Gurley less than 25 seconds.

6. The method of Claim 1 wherein the polyolefins selected
from polyethylene, polypropylene, copolymers thereof, and blends

thereof.
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elgstomer is selected from the group of ethylene-propylene rubbers,

ethylene-propylene-diene terpolymer rubber, and combinations

thereof.

8. A method of improving a membrane comprising the step of:
providing a microporous sheet having a Gurley less than

35 seconds comprising a blend of an aliphatic polyolefin selected
from the group consisting of polyethylene, polypropylene,
copolymers thereof, and blends thereof, and a thermoplastic olefin
elastomer being selected from the group consisting of ethylene-
propylene rubbers, ethylene-propylene-diene terpolymer rubbers, and
combinations thereof, and the elastomer comprising 3 to 7 percent

by blend weight.

9. A diffusion membrane comprising:

a microporous sheet comprising a blend of an aliphatic
polyolefin and a thermoplastic olefin elastomer, the blend
comprising less than 10 percent by blend weight of the elastomer,
the polyolefin being selected from the group consisting of
polyvethylene, polypropylene, copolymers thereof, and blends

thereof, the thermoplastic olefin elastomer being selected from the

- 10 -
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