2000. 120 HI GH MELT | NTEGRI TY BATTERY SEPARATOR FOR LI THI UM | ON BATTERI ES
Field of the Invention The instant invention is directed to a separator for
use in lithiumbatteries. Background of the Invention Lithium secondary
batteries (or cells) have been widely accepted for use in portable power
applicatighnsy . 1Bertabl e power applications refer to uses covering such
application as laptop conputers, cellular phones, and other portable

devi ces. These deV|ceﬁI@ﬁqygﬁfajﬁ¥5@§¢¥glgA§fﬁ§§ dparbgs and one industry
standard is referred to as agpr k365 Funcebl. sXPrEdrEas the nom nal

di nensi ons of 65mm x 18nm di ameter. Additionally, lithium secondary
batteries (also referred to as lithiumrechargeable batteries or secondary

lithiumion batteries) are al%gelﬁaéf'§ﬂ§5¥ﬂﬁénwgkh suited for larger
applications, such as, for | e applications, because
of their hi ghTh%n%guaﬁ@pﬁ%éa/tl%dﬁ,haagee@é@tﬂaf% %ebawa%‘fgﬁ& 4 Rigum
secondary batteries for electric vehicle applications or er

appl i cat i pnsikeqbkEtAgigseater anounts of energy, however, nmay have to be
significantly larger in size (i.e. volunetric). This is because the

battery will, for

Background of the Invention

Lithium secondary batteries (or cells}) have been widely
accepted for use in portable power applications. Portable power
applications refer to uses covering such application as laptop
computers, cellular phones, and other portable devices. These
devices require relatively small batteries and one industry
standard is referred to as an ‘18650’ cell, which has the nominal
dimensions of 65mm x 18mm diameter. Additionally, lithium
secondary batteries (also referred to as lithium rechargeable
batteries or secondary lithium ion batteries) are also
particularly well suited for larger applications, such as, for
example, electric vehicle applications, because of their high-

energy capacity and their relatively low weight.

Lithium secondary batteries for electric vehicle
applications or other applications requiring greater amounts of
energy, however, may have to be significantly larger in size
{i.e. volumetric). This is because the battery will, for
example, be used as the energy source for the electric meotor that

will propel the vehicle. Since the energy required to propel the




exanpl e, be used as the energy source for the electric notor that wll
propel the vehicle. Since the energy required to propel the - 1 vehicle is
significantly greater than that needed to energi ze the portable devices
menti oned above, the volunetric size of the vehicle battery will be

| ar ger. OnghidlsuesseigoufAdcmg:ly tdricameeekhani shdthateddad kbt bhérgise ahe

hi ghly reactive netal, which is capable of igniting at a tenperature of
about 160> rtRiEse dextitesi vsniaiandd piboakl, ythadeclunetpdackisnget b8 clowrponent s,
including the lithiumladen conponents, into a sealed netal can. The
seal ed carehigler hptiesy wslh besngesf. short-circuiting (i.e., direct
contact) between the anode and cathode nmaterial. To prevent
short-circuiting or mninmze its consequences, a battery separator is

pl aced between the anode and cathode to prevent direct contact. In the
comerci al |y &P& L§6F€ FRERPURAIDE Ldtpéug. cethe imddat sbp| Jithig is a
generation during operation (as a result of charging and discharging) is
not a si gm¥ u“é’aﬁ aﬁ?bﬁ?e‘i’f?%@ t M iSHalP §pRRPLE fddGHisdre @eIF to

di ssipation of the heat. However, as the volume of the cell grows,

di ssi pat i FHNRSTEAHEEE PEoAPPRE ¥ bEeoMR P tfFiessprghi FYRiaR1 1t gkdem I n
the coomercially available cells (e.g., 18650), the separators are

t ypi cal | YYrepekigs hwher 6poporsnsol }@Fgﬂﬁhﬂ@i i, lithiicm-Rhadena t endency to
hri nk.

S components, into a sealed metal can. The sealed can may rupture

as a result of short-circuiting {i.e., direct contact) between
the anode and cathode material. To prevent short-circuiting or
minimize its conseguences, a battery separator is placed between

the anode and cathode to prevent direct contact.

In the commercially available lithium cells (e.g., the 18650
cell), heat generation during operation (as a result of charging
and discharging) is not a significant problem as the small size
lends itself well to dissipation of the heat. However, as the
volume of the cell grows, dissipation of heat from the cell
becomes a more significant problem. In the commercially
available cells (e.g., 18650), the separators are typically made
of microporous polyolefin films, which have a tendency to shrink.
This is, in part, a result of the stretching required to make the

microporous f£ilm.

Accordingly, there is a need to have a more dimensionally

stable (or high temperature melt integrity) separator for larger



This is, in part, a result of the stretching required to nmake the

m croporous film Accordingly, there is a need to have a nore di nensionally
stable (or high tenperature nelt integrity) separator for |arger cells,
because if short-circuiting occurs, the rupture of the cell could be nore
si gni fi cafftlifecRgsause theSPEatErasingf ocFyishi emateEnse ebnithd ned in

the larger cell. In the art, it is known to conbine mcroporus filnms and
nonwoven FtlerSeAtE P8 1o e Sl Hutiisaptskparaterct Sde greatenieais No.
6,511, 774, ., Background Art,' and commercially available products, such as

CELGARD| et 1P 250825 RE1 8008 KR 1 BrodfiEt $2¥99m edigard, Inc., Charlotte,
NC. These products are nmade by lamnating (i.e., application of heat and
pressure by snmoboth or patterned nip rollers) the nonwoven directly to the

film However, ese_products .can only provide dinensional.,stability up
tPE%sE PRIt

to 167C (the r%éll ti ﬁgaf)oi nt- ot t é’wﬁlolt;cl’p rﬁlfljr%e e NOMROV &R ﬁ%lmsn% rane

component sddy bt LL OB o {01 oo LEBDSPOTScghamnel s sBreybl ockad uring

| am nati on an reby reduce e effrcren ery. Accordingly,

there 1S i ned1007hh Nt B iRYr DAY | 098A NGLrmd i3 NAYvOYEMm ap{d the hi gh

nmelt integrity and mrcoporous film that will not inhibit ion flow between
the anode,and:qat hgdenand cidArd™isRbal Bnd ! Sosh RNSIANBoghaRs | £y at

t enper at ure above
Celgard, Inc., Charlotte, NC. These products are made by
laminating (i.e., application of heat and pressure by smooth or
patterned nip rollers} the nonwoven directly to the film.
However, these products can only provide dimensional stability up
to 167°C {the melting point ©f the polypropylene nonwoven and
membrane compenents). In addition, their ion-transport channels

are blocked during lamination and thereby reduce the efficiency

of the battery.

Accordingly, there is a need to find a way to bond together
the nonwoven with the high melt integrity and mircoporous film
that will not inhibit ion flow between the anode and cathode and

will maintain its dimensional stability at a temperature above

167°C.




167C. Summary of the Invention The battery separator is made from a
nonwoven flat sheet naterial having high tenperature nelt integrity, a

m croporous nenbrane having | ow t enperature shutdown properties, and an
adhesi ve bondi ng the nonwoven flat sheet to the m croporous nenbrane and
bei ng adapted for swelling wesrmaopt aft etk inventiehectrol yte. Detail ed
Description of the Invention A battery (or cell) generally conprises an
anode, a cat hod¥ baghesyettPdNIAY, igndagdesEpar & gronwpyenafidde, skegthode, and
separator are typically supplied in the formof rolls of tape that are
unwound dPRf S %24 IhAe¥dnBohéeheremRIRAHIENGe ayl Heedhity a2 Mierpyor@ld
(cylindrical) or ‘folded (prismatic) shape. The anode and cathode are
convent i OREIC T3 NaVEREr bPYt ETREHAFNTEa PP - AR RF PR éd eFanfRAt #Bn so t hat

the battery does not becone active until desired. The high tenperature
nelt int e@%’*?%i}"seeﬁgpgﬁaﬁ ERRpr Y eR Qﬁr‘FErﬁlb%?%Lfso (F&i¥h PARECRABCES nonwoven

flat sheet that are .bonded oget w_t h.an adhesive that i s adapted for
swel | i ng WHEH =0 fPse gan%ya%?%eéiq?c? rgi’qﬁgglnﬁbr <t Et?ln)';?cfﬁflsbge?fgr ator has
a thickn ils (50 mcrons) or less. Modst preferably, it has a

t hi cknessgﬁ%%og%’r%g}'s (38 mcrons) or less. Preferably,

Detailed Description of the Invention

A battery (or cell) generally comprises an anode, a cathode,
an electrolyte, and a separator. The anode, cathode, and
separator are typically supplied in the form of rolls of tape
that are unwound and laminated together. Unwinding may be into a
‘jelly rell’ (cylindrical) or a ‘folded’ (prismatic) shape. The
anode and cathode are conventional. The electrolyte is typically
added after lamination s¢ that the battery does not become active

until desired.

The high temperature melt integrity separator comprises a
microporous membrane and a nonwoven flat sheet that are bonded
together with an adhesive that is adapted for swelling when
contacted by the electrolyte. Preferably, this separator has a
thickness of 2 mils (50 microns) or less. Most preferably, it
has a thickness of 1.5 mils (38 microns) or less. Preferably,
this separator has a MacMullen number of 10 or less. Most
preferably, it has a MacMullen number of 6 or less. High

temperature melt integrity means that the separator will



this separator has a MacMul | en nunber of 10 or less. Most preferably, it
has a MacMul | en nunber of 6 or less. H gh tenperature nelt integrity neans
that the separator will 4 substantially maintain it dinensional stability
and strength up to a tenperature of at |east 200C, and preferably to about
380C. Lowubepatatbte Shintdown iredazepdbend bredabdwibet areénsthengtimoge and
cat hode can be substantially termnated by pore blinding at a tenperature
bel ow 130¢€ 2E&ERPBFaERES Fond/ESti $008F sArs areifgrabent 6e afeawti | bel ow.

M croporous nenbrane refers to any mcroporous nenbrane. The nmenbrane may
be a symetiCc mEftr BHEPYTA BN A SPHREPYT credshiftidte 10Rh &1 A bR BrREMrehe

made from a ther | astic polynmer.. Therpopl astic polyners include, but are
not Iirﬁtﬁﬁ?dFo?nggg?gg?é?éﬁﬁb%mp§P9§Fﬁ9F1?ih¥n§?ﬁ@§9a58ﬁygﬁr@??%s,

pol yacet al.s, ..pol yam des ol ycar bonat es, pol yesters ol yet heri m des,
po:yin}gggfngéﬁgrégfﬁfg?m%é%3} Spgﬁgﬁﬁ iE&e Si%%SSyBﬁFEQTe?%mPQRﬁQFfdg§, -
pol ysu yolefin are preferred. enpl ary polyol efins include, bu
are not ?#%%?g ggo}np%fi%ﬁ%@lgﬁgl?PE?gothluding LDPE, LLDPE, and HDPE)

ultra high nol ecul ar weight polyethyl ene (UHWAPE), pol ypropyl ene (PP),
pol ymet hyl pentene (PMP), copolyners of any of the foregoing, and m xtures

thereof. TheyTRRBLERS. fMBeddft SHRUAGPYr2NYo SHY FAIEoBEHREES SmdRGL4H Ng. but

The membrane may be a symmetric membrane or an asymmetric
membrane. The membrane may be made from a thermoplastic polymer.
Thermoplastic pelymers include, but are not limited to,
polystyrenes, polyvinyl chlorides, polyacrylics, polyacetals,
polyamides, polycarbonates, polyesters, polyetherimides,
polyimides, polyketones, polyphenylene ethers, polyphenylene
sulfides, polysulfones. Polyolefin are preferred. Exemplary
polyeclefins include, but are not limited to, polyethylene (PE,
including LDPE, LLDPE, and HDPE}, ultra high molecular weight
polyethylene (UHMWPE), polypropylene (PP}, polymethylpentene
{PMP), copolymers of any of the foregoing, and mixtures thereof.
The membrane may be made by any suitable process including, but
not limited to, a dry stretch process {alsoc know as the CELGARD?®
process} or a solvent process (also known as the gel extrusion or
phase separation or extraction or wet process) or a netting (or
aperture) process (the film is cast onto a chilled roll, the roll
has a pattern that is embossed onto the film, subsequently the

embossed film is stretched (MD/TD), whereby large pores are

formed along the embossed pattern). The membrane preferably has




not limted to, a dry stretch process (al so know as the CELGARD| err|]
process) or a solvent process (also known as the gel extrusion or phase
separation or extraction or wet process) or a netting (or aperture)
process (the filmis cast onto a chilled roll, the roll has a pattern that
i s enbosskl® ot bl IHEY iChAragheE bt ot RéT ERBOSSENST i (Gwrisyst ¢ ched
(MD TD), mherebéﬁ%an e pores are forned along. the enbossed patteég%. The
menbr ane PFETRT &M - HSs (§eFhet? BIThilPy CChafattBristd s CMaf%abFreeeh st ance
(Qurley: the _ampunt qQf ti sec)_to pass 10 cc of air, at 2.3 cm Hg
Lhrough 1°9SArE et BETREABE A o TS SnbPat: arF0 EReSEERRERI AN y o -
35 sec, t_preferably less. th 20 sec); .a thickness ranging. from5 to
500" o1 ofg. T3 BFERQPEBIS 81T o100 SHAEH BRaseRbee IErErssl S295:99. 0

m crons); ' e i ng, f 0,,1 ] (preferably
0.02 to SfEnQ%%ogéso?%sEﬁSE“eEgr&g)l y{p@%ﬁ%ﬁg%&o}% ?ﬁag@\s ;‘s"r%%\%’ag%so? osity
rangi ng f % (BKHE 4 9 L.an ya b

single | aegg%g%éﬂ rgﬁet}:oag? r{n?%g%‘eérl) 'n%r?t%%aﬁg gt%}.@ %@%Pgrg@ %E(?jPI%CbE) ,
or a nul &b-:hﬁa&eanmmbrezg%efngbiégrﬂof@n%ol § Rigterabliba ?QEEQQM@

separator, for exanple see U.S. tent Nos. 4,650, 730; 4,731, 304;
5, 281, 491} b2 240, B3P miera8) 28dnd % §hkcBlty YamyiRPPisalisoR, &6%i al No.

08/ 839,664 (filed April 15, 1997); Japanese patent  No. 2642206 and

Japanese ppiendrafip) 40akticogokips. BESImbI4e(hblee a single layer
membrane, a tri-layer membrane (e.g., PP/PE/PP or PE/PP/PE), or a
multi-layer membrane. The membrane is preferably a shutdown
gseparator, for example see U.S. Patent Nos. 4,650,730; 4,731,304;
5,281,491; 5,240,655; 5,565,281; 5,667,911; U.§. application
Serial No. 08/839,664 (filed April 15, 1997}; Japanese patent No.
2642206 and Japanese patent application Nos. 98395/1994 (filed
May 12, 1994); 7/56320 (filed March 15, 1995); and UK patent
application No. 9604055.5 (February 27, 1996), all of which are
incorpeorated herein by reference. Such membranes are
commercially available from: CELGARD Inc., Charlotte, North
Carolina, USA; Asahi Chemical Industry Co.; LTD., Tokyo, Japan;

Tonen Corporation, Tokyo, Japan; Ube Industries, Tokyc, Japan;

and Nitto Denko K.K., Osaka, Japan.

Nonwoven flat sheet refers to a plurality of fibers held
together by various methods, e.g., thermal fusion, resin, solvent

bending, or mechanical interlocking of fibers, sometimes

concurrently with their extrusion. Nonwoven flat sheet includes




May 12, 1994); 7/56320 (filed March 15, 1995); and UK patent application
No. 9604055.5 (February 27, 1996), all of which are incorporated herein by
ref erence. Such nmenbranes are conmmercially available from CELGARD I nc.
Charlotte, North Carolina, USA; Asahi Chemical Industry Co.; LTD., Tokyo,
Japan; TORERUSOFPBRAEYTAS "RGleyEY FHFRArPTRRFSASTIRSt A ¥s, WTbkyaE, ajapan;  and
Nitto Denko K K., qa ka, Japan. Nonwoven flat sheet refers to a plurality
of fiberserd: P6YH f%RﬁHQR}qﬁar?Bﬁgbﬁ%?ﬁ%ﬁsf”éﬁﬁ;F PheyHad BIRGEHSESr esi n,

I t _bondi hani cal _} nter Ki f fi.b . ti
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cellulosic, and/or ceram<cs. T astic polyners 1 nclude, are not

limted termBph%StyE RSB mdid K¥cA%ke CHbQY iHeS nROhYRAGEYhI €5, POl yacetals,
pol yam des, polycarbonates, polyesters, polyetherimdes, polyimdes,

pol yket ones ysRok¥REENYSNA, @81 oPOhyDhesyenev13ukf | §8Syadalaisul f ones.
Cel lul osics include, but are not limted
polyamides, polycarbonates, polyesters, polyetherimides,
polyimides, polyketones, polyphenylene ethers, polyphenylene
sulfides, polysulfones. Cellulosics include, but are not limited
to, cellulecse (e.g., cotton or other naturally occurring
sources), regenerated cellulose (e.g., rayon), and cellulose
acetate (e.g., cellulose acetate and cellulose triacetate}.
Ceramics include, but are not limited to, glass of all types and

alumina, silica, and zirconia compounds (e.g., aluminum

silicate) .

Additicnally, the nonwoven or the fibers of the nconwoven may
be ccated or surface treated to improve the functionality of the
nonwoven. For example, the coating or surface treatment may be
to improve the adhesiveness of the nonwoven or its fibers, to
improve the high temperature melt integrity of the nonwoven,
and/or to improve the wettability of the nonwoven. With regard
to improving the high temperature melt integrity, the nonwoven

and/or its fibers may be coated or surface treated with a ceramic

material. Such ceramic materials include, but are not limited




tq, cellulose (e.g., cotton or other naturally occurring sources),
regenerated cellulose (e.g., rayon), and cellulose acetate (e.g.,
cellul ose acetate and cellul ose triacetate). Ceramcs include, but are not

limted t@Q, o1R388n@f ahhilypesmand rcahyg eampéarla&a,anan@oabEﬁggi@mco"pounds
(e.g., alumnum silicate). Additionally, the nonwoven or the fibers of the
nonwoven gdred¥e coated or surface treated to inprove the functionality of
the nonwoven. For exanple, the coating or surface treatnent nmay be to
i mprove the adhesiveness of the nonwoven or its fibers, to inprove the
hi gh tenperature nelt integrity of the nonwoven, and/or to inprove the
wettability ofin héendnwosrn. itNdrh itegabdnding i siprond ngdcttbpobbgh t enperature
melt integrity, the nonwoven and/or its fibers may be coated or surface
t reat ed wdnbrmneertantte nabesvra f18cksheet abs cpamtierilakrlyi neitteal gt are
not limted to, alumna, silica, and zirconia conpounds, and conbi nati ons
t her eof . thetehds mshant tavemintonn bohdghgdofchdmgeniratepwhoos remnbresme to
the nonwoven flat sheet is particularly critical as there is a need to
mai nt ai n Bhaii gihedieswhidd geer txee witkdhl it¥qafreke idwic Ehecaedi P Peefree
mobility of the ionic species of the electrolyte between the anode and the
cat hode. TiretwsHivitiet Pebveer nghg Giades pedi BBei tRgsiecaly rehslied efs
el ectrical resistance , , , i
the icnic species is typically measured as electrical resistance
{(ER) or MacMullen number (Np,c). MacMullen number is the ratio of
electrical resistance of an electrolyte-saturated porous medium,
r, to the electrical resistance of an egquivalent volume of
electrolyte, ry. (Nmc=r/ry;) See: US Patent No. 4,464,238,
incorporated herein by reference. To ensure that this free
mobility exists, merely laminating the microporous sheet to the
nonwoven flat sheet may pose a problem of blinding {or closing)
the pores of the microporous membrane since lamination requires
the application of both heat at a temperature sufficient to melt
(at least partially) the membrane, as well as pressure.
Accordingly, there is a need for adhering the sheet to the
membrane with a material that does not decrease ion mobility (or
increase the electrical resistance) across the separator. To
solve this problem, it is necessary to find an adhesive that is
capable of swelling, when contacted by the electrolyte, thereby
forming a bridge (or conduit) between the nonwoven sheet and the

microporous membrane. The swelling of the adhesive is the result

of absorption of the electrolyte into the adhesive. The



(ER) or MacMul I en nunber (N,,0). MacMullen nunber is the ratio of

el ectrical resistance of an electrol yte-saturated porous nedium r, to the
el ectrical resistance of an equival ent volune of electrolyte, rO.
(N[err]—r/r[err]) See US Patent No. 4,454,238, incorporated herein by

ref er encee: £ shat obhiss g o JRILE ¥a8XL#1S, (JFECS! Y Loampating the

mcroporous S eet tO the nonwove I'at sheet my OSG a pr

bl i ndi ng {94; £1QWINQL (the BOTEMAY il BLCLaPOroUs JBULANG 8LOCE ne

| am nation requires the applicati'on of both heat at a tenperatu
sufficientléocBljce bak beasicaand aldnekitBe PREDIGNS Becek!n 5 mdy dUfeSU e

Accordingly, there is a need for adhering the sheet to the ane with a

material trépicdaas Fekedocheasses itk Mabekivy. (or increase the electrical
resi stance) across the separator. To solve this problem it is necessary
to find an adhesive that is capable of swelling, when contacted by the
electrolyte, thereby formng a bridge (or conduit) between the nonwoven
sheet and the Thd cdbesiowsiseabsericlabllee palginki ng THe tdaticadiresiye is the
result of absorption of the electrolyte into the adhesive. The electrol yte
i s a sol uprefewiblyolpeit edndo sal the mitiheh mpmbyade soit hesnwioerhcospesties (t he
salt may also be referred solute). Once the electrolyte has swelled the
adhesi ve, (PWe Himfiegabpecresthaynomiaen) eliat Foel jofw ed y solossonhe The

adhesi ve. The adhesive is a swellable polyner The adhesive is
solution is a dilute solution, e.g., 2, 4, 6, or 8% by weight, 4%

being preferred. Additionally, the adhesive may also include a
wetting agent. Thereafter, the separator (membrane, nonwoven,
and adhesive solution} is subjected to lamination (temperature:
no greater than 155°C, preferably 120 - 135°C; pressures no
greater than 750psi, preferably about 500 psi as applied between
nip rollers, one metal and the other nonmetal; speed: about 1
meter per minute), and optiocnally, a solvent wash. The solvent
may be any solvent that will dissoclve the swellable polymer and

the wetting agent, for example, acetone.

The adhesive or swellable polymer may be selected from, but
is not limited to, polyvinylidene fluoride (PVDF); polyurethane;
polyethylene oxide (PEQ); polyacrylonitrile (PAN);
polymethylacrylate (PMA}; poly{methylmethacrylate} (PMMA);
polyacrylamide; polyvinyl acetate; polyvinylpyrrolidone;
polytetraethylene glyceol diacrylate; copolymers of any the

foregoing and combinations thereof. One criterion for comonomer

selection is the comonomer’s ability to modify the surface energy




preferably applied to either the nmenbrane or nonwoven or both (but
preferably to the nonwoven) in the formof a solution. The solutionis a
dilute solution, e.qg., 2, 4, 6, or 8%by weight, 4% being preferred.
Additionally, the adhesive may also include a wetting agent. Thereafter,

the separgf Qg %%E)éﬁ]?mef‘pnm}/%ce andrggh @/&S%O:cal&t ilgg%tiigbggbj ected to

| am nation (tenperature: no greater than 155C preferab 135G,

Pr essur essdiubiaresdt 8k thancdxIRsler PL8ESES: lyf@é&%é%ave%%aéh@pp' i ed
er

between nip rollers, one netal and the ot nonnetal ; speed: about 1

neter percdpdli), oabd ORé i Middane achel ¥eRésv@shhe The seh¥edher NBY the any
solvent that will dissolve the swell able polynmer and the weiting agent,

for exanphembracet,oneerdbe afthasiive eatsweel|adbher RehrebnABYuBSegIMCt ed
from but is not limted to, polyvinylidene fluoride (PVDF); polyurethane;
pol yet hy| mef coxiathee( PEQ) ; tipo|weaarapidnicyr of ec {PAN)a: ipgl, y aREByYbacr yl at e
(PMA); poly(nethyl methacrylate) (PMMVR); pol yacryl am de; polyvinyl acetate;
pol yvi nyl @§freasliingonbsorpol g eifr deigmildendegt yobltediimtioy kbakesepapaiomer s of
any the foregoing and conbinations thereof. One criterion for conononer
sel ecti orSyiftalle comononers sirghiudet,ybud apeidsk tlHenisedf 4oe energy - 9 of

t he honopol yner. Surface energy inpacts, at least: the solubility of the
Copo|ynerQeﬁqﬁ%qggypgppg%@m¢KJqgggﬂlﬁgrphé-butene, octofluorciscbutene,

and tetrafluorcethylene. The comonomer content preferably ranges
from 3 to 20% by weight, and most preferably, 7 to 15%.
Preferably, the adhesive or swellable polymer is a copolymer of
polyvinylidene fluoride. Preferably, the PVDF copolymer is a
copolymer of polyvinylidene fluoride and hexafluoropropylene
(PVDF:HFP), and, most preferably, the PVDF:HFP ratio is 91:9.

The PVDF copolymers are commercially available from E1f Atochem,
Philadelphia, PA, USA; Solvay SA, Brussels, Belgium; and Kureha
Chemical Industries, LTD, Ibaraki, Japan. A preferred PVDF:HFP

copolymer is KYNAR 2800 from E1f Atochem.

The wetting agent is selected from materials that are
compatible with (i.e., miscible with or will not phase separate
from) the swellable polymer, that, in trace amounts (e.g., 10-20%
of the swellable polymer), will not have a detrimental effect
upon the battery chemistry {(such as wetting agents that contain
sulfones, sulphates, and nitrogen), and that are fluid at room
temperature or have a Tg {(glass transition temperature) < 50°C.

The wetting agent may be selected from, but is not limited to,

- 10 -




copol ynmer onto the nenbrane; the adhesion of the copolyner to the nenbrane,
thereby affecting battery nmanufacture and subsequent performance; and the
wettability of the coating, thereby affecting absorption of liquid

el ectrolyte into the separator. Suitable conononers include, but are not

linmted tehthdiexnafbaeeapespyteneyQGioihuebaale HULRNICMeLOLLUBERL SQbUt ene,
and tetrafl uoroethyl ene. The conononer content preferably ranges from3 to

20% by weamhtmiandezpshepeef er atithalatieobib¥ ediafenakl Ke1bheeadhasi ve or
swel | abl e pol yner is a copolynmer of polyvinylidene fluoride. Preferably,

t he PVDF kopdnsrerct diaitedpod yndibuwfylpphyuabytés deore)f.l ueytdecand
hexaf | uor opr opyl ene (PVDF: HFP), and, nost preferably, the PVDF. HFP ratio
is 91:9. TdmbPVDEscopel pabestead  momeehgilahe ycantairdaalel dEC) onpEbpy Wéraechem
Phi | adel phia, PA, USA; Solvay SA, Brussels, Belgium and Kureha Chem cal
| ndust ri es2ThorBte YECAKki bulnpsne canhoabeer é8CPVDRAHRR xtoopsel yheredfs. KYNAR
2800 from EIf Atochem The wetting agent is selected frommaterials that
are conpRiPI A cRrppnates megiasleavedhisemniltyt vore phaséinéped dte from
the swel | abl e polyner, that, in trace amounts (e.g., 10-20% of the
swel | abl PPOMABTEReWCREPABRt a8l ldB8LRT NBRPRY L &5TS s@rbogpbAst he battery
chem stry (such as wetting agents that contain sulfones, sulphates, and
nitrogen), and that are fluid at room tenperature or have a Tg (gl ass
transition te%ﬁ%!%%%%%%t<ig£§%tion may be further illustrated by the

following example.

EXAMPLE
A separator was made from a microporous membrane {(single

layer, PE), paper (Schweitzer-Mauduit Grade 13LF from Schweitzer-

Mauduit, Inc., Alpharetta, GA), and a solution containing

acetone, 4% PVDF by weight acetone, and 8% DBP by weight acetone.

The separator had a thickness of 2.1 mils, an electrical

resistance of 5.25 Q-cm?, MacMullen number of B.8, and maintained

its dimensional stability to 380°C.

The present invention may be embodied in other forms without
departing from the spirit and the essential 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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The wetting agent nmay be selected from but is not limted to, - 10

pht hal at e- based esters, cyclic carbonates, polyneric carbonates, and

m xtures thereof. Phthal ate-based esters are selected from but are not
limted to, dibutyl phthalate (DBP). Cyclic carbonates are selected from
et hyl ene garbonat.e (EC), propylene carbonate (PC), butyl ene carbonate
(BC), and m xtures thereof. Polyneric carbonates are selected from but
are not limted to, polyvinylene carbonate, and |inear propyl ene
carbonates. The instant invention may be further illustrated by the
fol | ow ng exanpl e. AEXANPEEY Aesefidct @lomp@ssiage from a m cropor ous
menbrane (single |layer, PE), paper (Schweitzer-Muduit G ade 13LF from
Schwei t zer - Maudui ta, nbngoyeAl Phatr edteet GA)yingna laigoltriperaeané anel hg
acetone, 4% PVDF by wei ght acetone, and 8% DBP by wei ght acetone. The
separ at or iheerithhi ckness of 2.1 mils, an electrical resistance of 5.25
[err]-cmerr], MacMul |l en nunber of 8.8, and maintained its dinensiona
stability to 380C. aThécpprpoeats i TrREMaEnen hauyndel enbodiredaicnrot Abntdoyms
w thout departing fromthe spirit and the essential attributes thereof,
and, accoPBPRRiiSiesSieP8fence shoul d be made to the appended clains, rather

than to the foregoing sgeclfication, as i ndicated
an adhesive bonding said nonwoven flat sheet to said

microporous membrane and being adapted for swelling when

contacted by an electrolyte.

2. The battery separator of claim 1 wherein said adhesive

further comprises a swellable polymer.

3. The battery separator of claim 2 wherein said swellable
polymer being selected from the group consisting of
polyvinylidene fluoride; polyurethane; polyethylene oxide;
polyacrylonitrile; polymethylacrylate; poly{methylmethacrylate);
pelyacrylamide; polyvinyl acetate; polyvinylpyrrolidone;
polytetraethylene glycol diacrylate; copolymers of any the

foregoing and combinations thereof.

4, The battery separator of claim 1 wherein the adhesive

comprises a swellable polymer and a wetting agent.

5. The battery separator of claim 4 wherein said swellable

polymer being selected from the group consisting of

- 12 -




t he scope of the invention. We claim 1. A battery separator conprising: a
nonwoven fl at sheet having a high tenperature nelt integrity; a

m croporous nenbrane having | ow tenperature shutdown properties; and an
adhesi ve bondi ng said nonwoven flat sheet to said m croporous nmenbrane and

bei ng adgpletihol idawed | fingrilden peoptastiethdly panyekBel ¢.0d Yd6.deZ. The
battery separator of claim1l wherein said adhesive further conprises a

swel | abl @cighymptonBrrile; Fatltyery hgepar@lare ;0fpotlydinat By Whenteidryaakd) ;
swel | abl e pol yner being selected fromthe group consisting of

pol yvi nylprcdenerylamtdele; pgpotwimydt haaeatpolpmBiivihgdpyoxetidone ;

pol yacrylonitrile; polynethylacrylate; poly(nethyl nmethacrylate);

pol yacr ylPedvtiet rpetywdeng dosredt diapoyiatavgepodginedenef amoltyteet r aet hyl ene
gl ycol diacrylate; copolynmers of any the foregoing and conbinations

t her eof . TorePRENG 2R rGOEFRA4OHF bhersaf m 1 wherein the adhesive conprises
a swel l abl e polyner and a wetting agent. 5. The battery separator of claim
4 wherein said swell abl e polynmer being selected fromthe group consisting

of
6. The battery separator of claim 4 wherein said wetting

agent being selected from the group consisting of phthalate-based
esters, cyclic carbonates, polymeric carbonates, and mixtures

thereof.

7. The battery separator of claim 1 wherein said membrane

being made from a thermoplastic polymer.

8. The battery separator of claim 7 wherein said
thermoplastic polymer being selected from the group consisting of
polystyrenes, polyvinyl chlorides, polyacrylics, polyacetals,
polyamides, polycarbonates, polyesters, polyetherimides,
polyimides, polyketones, polyphenylene ethers, polyphenylene

sulfides, polysulfones.

9. The battery separator of claim 1 wherein said nonwoven
flat sheet being made of polymers selected from the group

consisting of thermoplastic polymers, cellulosic, and/or

ceramics.




--12 polyvinylidene fluoride; polyurethane; polyethyl ene oxide;

pol yacrylonitrile; polynethylacrylate; poly(nethyl nmethacrylate);

pol yacryl am de; pol yvinyl acetate; polyvinylpyrrolidone; polytetraethylene
gl ycol diacryl ate; copolyners of any the foregoing and conbi nations

t hereof. 6. THe® .batrher pasepeay adeqrarcitcel af ntiaivher eiheredndspelit hdrgeovagent
bei ng selected fromthe group consisting of phthal ate-based esters, cyclic
car bonat eklatpaihemtr forchebonatmesisimgd ancrbtiies ot mendate Tredbmemattery
separator of claim 1l wherein said nenbrane being nade froma thernoplastic
polynmer. 8. The battery separator of claim7 wherein said thernoplastic
pol ymer being selected fromthe group consisting of polystyrenes,

pol yvi nyl chl drli-deFhepbrybe¥y|saparaseryafecbdtn 1Qhoihpariidesaid coating

pol ycar bonat es, pol yesters, polyetherimdes, polyimdes, polyketones,

pol ypheny? et td@rEr §Tepbrsphetfiehe CceUpPiac8atioialsul fones. 9. The battery
separator of claim1l wherein said nonwoven flat sheet being nade of

pol ymers selected fromthe group consisting of thernoplastic polyners,

cellulosic, and/or, . ceramcs. 10. The battery, separator .of claim1l wherein
sai d nonmovenqg[ The battery separator o% ciglm fi J%ereln saig ceramic

material being selected from the group of alumina, silica, and

zirconia compounds and combinations thereof.
13. A battery made with separator of claim 1.

14. Method of making separator comprising the steps of

providing a nonwoven flat sheet,

providing a microporous membrane,

providing an adhesive sclution comprising a solvent and
a swellable polymer,

coating said sheet or said membrane or both said sheet
and membrane with the adhesive solutiocn,

laminating together the nonwoven flat sheet and the
membrane, and

forming thereby the separator.

15. The method of claim 14 wherein the adhesive solution

comprises a solvent, a swellable polymer, and a wetting agent.




flat sheet further conprising a coating or surface treatnment. 11. The
battery separator of claim 10 wherein said coating or surface treatnent
being a ceramc material. 12. The battery separator of claim 11l wherein
said ceramic nmaterial being selected fromthe group of alumna, silica,
and zirconi alsonp@brdsethdd cuntriladt dAswhaeeBoflantidatAngaftetlyerrade with
separator of claim1. 14. Method of making separator conprising the steps
of  provieimRy iesoArDVERNS | Tenpr@dureppbvibibwy R oi-cA8p6fous nenbr ane,
provi di ng an adhesi ve solution conprising a solvent and a swellable

pol ymer, coating said sheet or said nenbrane or both said sheet and
menbrane with the adhesive sol ution, |amnating together the nonwoven fl at
sheet and t he 1'menfP&n@etapd Ffordtiady LhefebyrehegBFisangr vaghing Hdiaret hod
of claim14 wherein the adhesjve sol ution conprises a solvent, a swellable
pol yrmer , g FFRTaLRNtYI 62 PREVABEhod of claim 14 wherein |aninating
further conprises applying tenperature of about 120 - 135C. 17. The net hod
of claim 14 further conprising washing the | am nated separator with a

sol vent .
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