2000. 178 BATTERY SEPARATOR W TH ANTI STATI C PROPERTIES Field of the

| hvention The present invention is direct to a battery separator having
antistatic properties. Background of the Invention Static charge on the

m rcopor ey palmol efin filns used as separators in batteries, for exanple
secondary lithium batteries, cause problenms. First, in separator

manuf act ure, the st fapds to the film
These cont am nants cause%ﬁﬂ&lﬁfﬁ% Igﬂl](;:% 1$'rbcf ems es pt n- hol es, and
the like. Also, during |amnation of rrultl-layer films, contam nants are
trapped between the layers. This, too, causes film defects. Second, in
battery manufacture, the static charge on the filmdraws contam nants into
the anode/separator/cat hod@ﬁﬁﬁi&éﬁ_jﬁw or prismatic) that cause
defects. Most noticeable of these defects are those that cause internal
short circuits. In battery, manufacture, the static situation is nmade even

worst by the -1
The present invention is direct to a battery separator

having antistatic properties.

Background of the Invention

Static charge on the mircoporous polyolefin films used
as separators in batteries, for example secondary lithium
batteries, cause problems. First, in separator
manufacture, the static charge draws or attracts
contaminants to the film. These contaminants cause film
defects, such asg blemishesg, pin-holes, and the like. Also,
during lamination of multi-layer films, contaminants are
trapped between the layers. This, too, causes film
defects. Second, in battery manufacture, the static charge
on the film draws contaminants into the
anode/separator/cathode structure (jelly roll or prismatic)
that cause defects. Most noticeable of these defects are
those that cause internal short circuits. 1In battery.

manufacture, the static situation is made even worst by the



dry (i.e., low humdity) environnent in which these batteries are nade.
Accordingly, static charge on the mcroporous polyolefin filnms used as
battery separators is to be avoided. In the past, static charge has been

d|SS|pate@r y {h 8Y0$UH?€§E? ?ﬁg§gggkggtag ”%ﬁlEEaEh%?@ be added into

or onto a yo efi se naterla S wor di ssi pating
the static char hey éguse in batteri\:/i.Lﬁ ﬁarators uch as

secondaryb???%?g%$b%??e??%% SOEEITHDY st TF @ 8§8e08PI§ fflust be

avoided. Alternatively, static charge has been dissipated by the inclusion
of  car boR FFHRRPEHS (PP R OARf 47 ﬁb%@@ew&‘ﬁu@% BathGBY de@PaketatsSe ifhe carbon
is a conductor and can cause a short circuit between the anode and the

cat hode. t® hayaveigedsi bl e top use a sem conductive materials (P-type
conductors (electron conductors) or N-type conductors (hole conductors)) or
pol aron (el ectron hopping) materials, added to the separator, to reduce
static charge. Exanples of P-type conductors (el ectron conductors) or N

UPSecontuctsreq g eganr ey thgujshaalnebita: B patEa B! chirtted Lo

use of moisture absorbing agents that can be added into or

onto a polyolefin film. While these materials work well at
dissipating the static charge, they are not used in battery
geparators, such as secondary lithium batteries, because

moigture in those cells must be avoided. Alternatively,

static charge has been dissipated by the inclusion of

carbon into the film. This, however, must be avoided

because the carbon is a conductor and can cause a short

circult between the anode and the cathode.

It may be possible top use a semiconductive materials
(P-type conductors (electron conductors) or N-type
conductors (hole conductors)) or polaron {electron hopping)
materials, added to the separator, to reduce static charge.
Examples of P-type conductors (electron conductors) or N-
type conductors (hole conductors) materials include but are
not limited to: oxides, Fe,0;, 5i0;, GaAs, nitrides, GeO,

Ge, Si, P, B. Examples of Polaron (electron hopping)



Ge, Si, P, B. Exanples of Polaron (electron hopping) -2 materials where a
polar mediumis able to carry polarons is ionic crystal (like NaC, Kd
RuCl, etc.). Further, it may be possible top use a conductive materials

(e.g. carhomdriim & padtery separahoiirhoducethoftomarty | pr1vbers the film
is anulti-layered film where the nulti-layered filmis a trilayer, the

conductive Jmt é}ggais(fgggqy @lf cPPt Lde Igggrf_of the trilayer and the
y, hot al

center |ayer ac as an 1nsulator. Final antistatic agents can
sinmply be added to the resins that formthe filns or coated onto the

m croporous filmnms because those agents can have a detrinental effect on the
m croporous nature of the film Accordingléépthere is a_need for a battery

separator haiWHg-od BhtTaY db¢ PPFdpetEi e gdoBCRTRFBPBR ous
properties. Summary of the Invention A battery separator conprising: a
m cr opor owstepicl il ef iq. feanbomyi by 4 rloat 0e1vo sep308t by mebghtedf a bl ock
copol yner including a polyetheresteram de nononer.

from a film, where the film is a multi-layered film. Where

the multi-layered film is a trilayer, the conductive

material is added to the outside layers of the trilayer and

the center layer acts as an insulator.

Finally, not all antistatic agents can simply be added
to the resins that form the films or coated onto the
microporous filmg because those agents can have a

detrimental effect on the microporous nature of the film.

Accordingly, there is a need for a battery separator
having good antistatic properties and good microporous

properties.



In this battery separator the polyolefin is selected from the group
consi sting of: polyethylene, polypropylene, polybutylene,
pol ynmet hyl pent ene, m xtures thereof, and copolyners thereof. Preferably the

polyolefin is polyethylenq%ﬂﬂ%gg#rg§ gﬁeigﬁy@ﬁ@y$§ne and copol yners of

pol yet hyl ene, or pol ypropyl pyl ene and copol yners of
pol ypropyl ene, and has | ess than or equal to 5% by weight of the bl ock
copolymer. In the battery separator of the invention, the mcroporous film
can have any thickness orosity in the range of 10 to 90% and a pore
size in the rdnh QHE?YXﬁﬁ?%%Qﬁ?ﬁI YU B oh. "Het FPEd Pescri ption of the
I nvention A battery separator conprising: a mcroporous polyolefin film

havi ng a Bstlaekl &foigb| §inet Raneingli Herma 0 pbd yied hel ©sperved glet nphofrer . The
specifics of this separator will be discussed in greater detail below -4
M cr opor deisoqiol g cifymme if | 1me labdond nowo bge th€xr epioe pasi derenbnames . ar e wel |
known and commercially available from Celgard Inc. of Charlotte, North

%LgLI na, T U { CELLARIXY ) se il &N €She SO} &L 4 ayeri andet &b ddyeromenbr anes)
the group consisting of: polyethylene, polypropylene,
polybutylene, polymethylpentene, mixtures thereof, and
copolymerg thereof. Preferably the polyolefin is
polyethylene, mixtures of polyethylene and copolymers of
polyethylene, or polypropylene, mixtures of polypropylene
and copolymers of polypropylene, and has less than or equal
to 5% by weight of the block copolymer. In the battery
separator of the invention, the microporous film can have

any thickness, a porosity in the range of 10 to 90%, and a

pore size in the range of 0.005 micron to 1.5 micromn.

Detailed Description of the Invention

A battery separator comprising: a microporous
polyclefin film having a block copolymer including a
polyetheresteramide monomer. The specifics of this

separator will be discussed in greater detail below.



Chem cal Co. of Tokyo, Japan; Asahi Kasei of Tokyo, Japan (H PORETM, and
Ube I ndustries of Tokyo, Japan (U-PORE"). These nenbranes nmay be nade by
the "dry-stretch” (or Celgard) process or the "wet" (or phase inversion)

process, or by &Rt HSIFSLEN Procassal dhacRahy ol efhnc-fobsrbss sel ect ed
fromthe group consisting of, but not limted to: polyethylene,

pol yprOpme%?ﬁ:'an% Y%ﬁ%ﬁbﬁﬁ%ﬁ%ﬁ%ﬂeﬂ?ﬁéﬁ b%@efle&]:l.’ and

copol yners ereo yolefin ol yet hyl ene, m xtures of
pol yet hyl ene_an opol s of ol yet hyl ene. More e pol yol efin
is polyp eg;%ﬁredgel,cnéroﬁ X guTEéehsaIg’rOtpdg‘? ’ypﬁ%]%kf e@n%r%lnﬂl%bgégénéégg%&g ?

pol ypropyl ene. The m craoporous fil in the battery separator of the

i nvent i oMeMRHRIRve SR RrRRT ﬁnrgarﬁfﬂtﬂ%mﬁm??n%%hér%qﬂ}e%ny
separators have a thickness of no greater than 200 mcrons. For batteries
used in péesomdl G el diky@levdaesl; sepatatiorse havf nekie ckiesanof no -5
greater than 80 mcrons work well as do separators having a thickness of no
great er t{EPEE"H Crans, Uhdi Irelsepairet o5 Tokyo, Japan (U-PORE™) .

These membranes may be made by the “dry-stretch” (or
Celgard) process or the “wet” (or phase inversion) process,

or by a particle stretch process.

The polyolefin film is selected from the group
consisting of, but not limited to: polyethylene,
polypropylene, polybutylene, polymethylpentene, mixtures
thereof, and copolymers thereof. Preferably the polyolefin
is polyethylene, mixtures of polyethylene and copolymers of
polyethylene. More preferred the polyolefin is
polypropylene, mixtures of polypropylene and copolymers of

polypropylene.

The microporous film, in the battery separator of the
invention, can have a separator of any thickness. 1In
general, many separators have a thickness of no greater
than 200 microns. For batteries used in personal

electronic devices, separators having thickness of no



having a thickness of 25 mor |less are preferred. The aforenmenti oned
m cr opor ous nenbranes generally possess a porosity in the range of 10%to
90% preferably a porosity in the range of 20%to 80% The pore size in

these meyanes: anRGE do om0 WBAO el Ms WMd Nedbd B0G08rs 0flaPifd mto 1.0
m bei ng preferable. Generally the m croporous polyolefin filmhas fromO.1

% by wei gl %, i r
pol yet her teHstctek(r?lae?ril%de(ﬂty o gg{%)ctckg cop}p% ymer p&]l(y 'ngwrgﬁéjpg%%ﬂ%tr%g%er am de,
work wel | wi.th th or ol ol efin fllmat antities in the range
of 0. 2% {6 4564 abff%ecg(d-he{) p“o yol e ‘:Tsns used §h° q’%"l rrﬁi'cr opor ous
menbrane. Generally the m croporous polyolefin filmhas fromO0.25 % by
wei ght to 30% by wei ght of a bl ock copolyner including a
pol yet heresteram de. It has been found that while relatively |arge anmounts
of the bl ock cofdleymdroramaritudingd aripl greaie JrankipaeRs lgangrphbiyt he | oner
range from 20% 2396, 25% 28% and the upper range having from 50% 48%
45% 40%pc3bs Be%odayrosditghtimpridwe deargpeodhantds st adts; propestabeg ot her
properties of the filmare -6

porosity in the range of 20% to 80%. The pore size in

these membranes range from 0.005 um to 1.5 um, with a range

of 0.01 pum to 1.0 um being preferable.

Generally the microporous polyolefin film has from 0.1
% by weight to 50% by weight of a block copolymer including
a polyetheresteramide. The block copolymer including a
polyetheresteramide, work well with the microporous
polyolefin film at quantities in the range of 0.2% to 45%
by weight of the polyolefin used in the microporous
membrane. Generally the microporous polyolefin f£ilm has
from 0.25 % by weight to 30% by weight of a block copolymer
including a polyetheresteramide. It has been found that
while relatively large amounts of the block copolymer
including a polyetheresteramide having at the lower range
from 20%, 23%, 25%, 28% and the upper range having from
50%, 48%, 45%, 40%, 35%, 30% by weight provide good anti-

static propertries other properties of the film are



adversely affected. For overall performance the use of the block copolyner
i hcludi ng a polyetheresteramde is better when it is equal to or less than

15%

Preferred are levels of blocked copolynmers of |ess than or equal 5% by

wei ght tadveheewsi glitcoteiihe pohyohefianl Mend gimefeia athd emel softhdl ocked

copol yners of

Sur pri si pghykt Bbgoblpeked n-aopahymer Rise
3% or esgoakg ZA)gr | ess "by &gfght to the weight of the polyolefin

| ess,

| ess than 5% by wei ght based on the weight of the polyolefin.
MRS PRl midde 11aVelet (Qfr 4% or

used. The,pal y gt tl%rggh%&a d%rmi(’%%@?rth%f Lhg pr%%%“éerfe'}i’ U QL RUES er ably

conpri SES resi

ues rived from ol yari dé

oner having end units

containin C xylic oup havi a nunber average mol ecul ar wei ght
fron1200°%t§l§F%8§ ﬁ@oéiﬁegﬁ 8§yil o ﬁg’ %Hb Ai ni ng

from32 to 60 ox¥ethylene units. In these polyetheresteranlde t he

car boxyl £8egrgip

tsodetitge@ofvormeddi-pi Morsepagiferaest dtHd iad or

i sophthalic acids or 3- sulfoisophthalic acid alkali netal. The oxyal kyl at ed
bi sphenobleoohipdurdpofl yvinke spolfy delser ésteer &% dy cemutitsésisatd coxydlskyl at ed
al kyl i dene bi sphenol. The pol yet herest eram de

weight of the polyoclefin. Surprisingly this blocked
copolymer also works well at levels of 4% or less, 3% or

less and 2% or less by weight to the weight of the

polyolefin used.

The polyetheresteramide monomer of the present
invention preferably comprises residues derived from (1) a
polyamide oligomer having end units containing a carboxylic
group and having a number average molecular weight from 200
to 5,000 and (2} an oxyalkylated bisphenol compound
containing from 32 to 60 oxyethylene units. In thesge
polyetheresteramide the carboxylic group is derived from
adipic, sebacic, terephthalic or isophthalic acids or 3-
sulfoisophthalic acid alkali metal. The oxyalkylated
bisphenol compound of the polyetheresteramide comprises an
oxyalkylated alkylidene bisphenol. The polyetheresteramide

monomer is produced by Sanyo Chemical Industries, Ltd.,



nmononer i s produced by Sanyo Chem cal Industries, Ltd., Kyoto, Japan and is
available in the US from Tonen Anerica Inc., under the Trademark
Pel estat (c). The mcroporous filmcan be made up of one or nore |ayers of

mat eri al g, Wai.ch JAR%banhe S aR 1amhAid fi§f eMe uINEBRMSEAEEOIR L hag one
| ayer it is preferred to have the |ayers joined together in a manner that

the stay %%ine%nd%og%%ge&réggﬁ%géﬂqgﬂg%t'&@Iayers nmy include, but is not
linited £6° Famna i on,” hot” ni p bondi'ng, bondi ng, and joined with one or

nore adhesives. Trilayer polyolefin filns which incorporate the bl ock

copol ymer show i nproved antistatic properties an exanple is a trilayer film
of pol ypropyl ene/ pol yet hyl ene/ pol ypropyl ene, This battery separator may be
produced fromi&ef MLGLOPREENE thHd ™ 937 B¢ Sadf 4R Ayl 97 IPe%Rd t he bl ock
copolymer is in the outer nost layers of said nmulti-layered filmor in al
the | ayedsyeWserd tagedttler wisiepamayotbes thd raamne o rdiffayeaed. film the

bl ock copol ymer works well, in the outer nost |layers of said tri-|layered
film Howewxer usdsigwiroiret R@armdred Nayerr itthe hlmekf copal WerhLan fie=in al |

the | ayers.
layers joined together in a manner that the stay joined
together. This joining of layers my include, but is not
limited to: lamination, hot nip bonding, bonding, and
joined with one or more adhesives. Trilayer polyolefin
films which incorporate the block copolymer show improved

antistatic properties an example is a trilayer film of

polypropylene/polyethylene/polypropylene.

This battery separator may be produced from a film,
where the f£film is a multi-layered film and the block
copeolymer is in the outer most layers of said multi-layered

film or in all the layers.

Where the battery separator’s film is a tri-layered
film, the block copolymer works well, in the cuter most
layers of said tri-layered film. However, as with the

multilayer, the block copolymer can be in all the layers.



-8 The battery separators of the present invention are well adapted for use
inalithiumion secondary battery. A lithiumion secondary battery is a
cylindrical or prismatic battery conposed of anode, cathode, separator, and
el ectrol yte, whecbatsepgckagagainra bifgkte( rgsentetidherng)iorcareor flexible
foil. W claim 1. A battery separator conprising: a mcroporous polyolefin
film havipg)asQhgeka ¢epoly@er i pchudhngmaipgl ¥ethenasterarde ongner. 2. A
battery separator conprising: a mcroporous polyolefin filmwhére said

m cr opor gL y fin fil i L.Cr I fi.n fil.malso
compr 1 o1 geTEany 38, B -Rhi gy PE E6h by ua: SELor A Brogt FedmarIG

i ncl udi ng_a_pol yet her est.er am de .nono . 3. The battery separator of claim?2
wher ei n gﬁFngﬁoFﬁgpgﬁﬁﬁ 8§iﬁ5°§8reEggéoﬁFonFFR§r6&8ﬁp E%ﬁ%isting of :

pol yet hyl ene, pol ypropyl ene, pol ybutyl ene, polynethyl pentene, _m xtures
thereof,eéﬁﬁtéﬁbﬁ Fmel ich is packaged in a rigid (e.g., metallic)

can or flexible foil.



thereof. 4. The battery separator of claim2 where said mcroporous film
has a pore size in the range of 0.005 to 1.5 mcron. -10 5. A battery
separator conprising: a mcroporous polyolefin filmwhere said mcroporous
pol yol ef ya & kM. s sel ected fromthe group consisting of: polyethylene,

m xtures of polyethylene, copolyners of polyethylene, polypropylene,

m xtures of pol ypropyl ene, copol yners of pol ypropyl ene, pol ybutyl ene,

m xtures of pol ybutyl ene, and copol ynmers of pol ybutyl ene,

pol ymet hyl pen ene, , .XE%E%S %% %?I¥gglh¥%§3qt%%%“ and copol ynmers of

pol ymet hyl pent éne, and m xture ereof; ai'd m=cr oporous polyolefin film
having a porosity in.the range of _10.tq 90%..and said m croporous

pol yol efi n fiIn1aI§om&SHBPP§Pﬁ§ PPAYSLERAR Jdr e el o 21 wei ght of a

bl ock copolyner including a polyetheresteram de nononer. 6. A battery
separ at oFCEORPIES| A Ladingr 8pErs s therpsiteriamifdd mopealea -sai d

2. A battery geparator comprising:
a microporous polyolefin film where said
microporous polyolefin film;
where said microporous polyolefin film also
comprising from .1% by weight to 50% by weight of a block

copolymer including a polyetheresteramide monomer.

3. The battery separatcr of claim 2 wherein said
polyolefin being selected from the group consisting of:
polyethylene, polypropylene, polybutylene,
polymethylpentene, mixtures thereof, and copolymers

thereof.
4, The battery separator of claim 2 where said

microporous film has a pore size in the range of 0.005 to

1.5 micron.

-10-



m croporous polyolefin filmis selected fromthe group consisting
pol yet hyl ene, m xtures of pol yethyl ene, copolyners of polyethylen
pol ypropyl ene, m xtures of polypropyl ene, and copol yners of pol ypropyl ene;

said mcroporgus pRlyotelip EbbArAavingomprtBigkness of no greater than 200

m crons,

a porosity in the range of 10 to 90% "and said m croporo

of :
e1

us

polyolefin filmalso,co %5§gggepg§ﬁglgggﬂ %%%ﬁgwﬁgkghgagh a bl ock copol yner

of claim

including a polyetheres

6 where
m cr on.

i ncluding a polyetheresteianide nononer is 4%bDb

battery

Fam nohoner. 7. tery separ at or

id ni il |
BEC TR HAL oy  Sahar htof -oF &PaPht 8 0Ra: brel)
ight or |ess.

SRt At BRI cOhprPS

or equal to 5% by weight of a block copolynmer including a

pol yet heter®byadd ¢ echonoheethybengherpdyreppysepar andktores! &fm 9 wherein

sai d

polypropylene, copolymers of polypropylene, polybutylene,
mixtures of polybutylene, and copolymers of polybutylene,
polymethylpentene, mixtures of pelymethylpentene, and
copolymers of polymethylpentene, and mixtures thereof;

said microporous polyolefin film having a
porosity in the range of 10 to 90%; and

said microporous polyolefin film also comprising
less than our equal to 15% by weight of a block copolymer

including a polyetheresteramide monomer.

6. A battery separator comprising:

a microporous polyolefin film where said
microporous polyolefin film is selected from the group
consisting of: polyethylene, mixtures of polyethylene,
copolymers of polyethylene, polypropylene, mixtures of

polypropylene, and copolymers of polypropylene;

-11-

ore.size. in the range of 0.005 to
§ grg § Slgfﬁupcopolyner

9. A

1.5

we
H@?hﬁlﬁPEroBbFBngEoP%oP@iVﬁtPVﬂﬁPﬁaving | ess than



pol yol efin being selected fromthe group consisting of: polyethylene,
pol ypropyl ene, pol ybutyl ene, pol ynet hyl pentene, m xtures thereof, and
copolymers thereof. -12 11. The battery separator of claim9 wherein said

pol yol efin being palief bl &g orBud WS e A Vel lipne; and, copol yners of
pol yet hyl ene, and having | ess 5% by 'wei'ght of the bl ock Topolynmer. 12. The

battery parataor. of. ¢l ai r.ei | n ol ef j i ol ypr.opyl ene,
m xt ur es%(;%flclip{&efpsr ggylneoné?egag\rllgg{ectg{pa(r)}f ﬁofgnlo&ééloﬁ 'ypar &pcgﬁeén%,xpaln% lré{cTE/)i ng | ess
than 5% by wei ght of said bl ock copolyner. 13. The battery separator of
claim9 ﬁ%@ﬁ?iﬁ&S&fhtxbgVVhlé¥Fﬁ bei ng pol ypropyl ene, mi xtures of
pol ypropyl ene, and copol yners of polypropyl ene, and having | ess than or
equal to 4% by wei Gt OMISHPPIVtL RUPGAATEM B ™ THS DAY Sdr at or  of
claim9 wherein said mcroporous filmhaving a thickness of no greater than
200 i cdess, thapoidsitty weidthie afarmgdolofckl oy 190% Y anek ugiore asize in the
range of 0.005 mcron to 1.5 mcron.

polyetheresteramide monomer.

7. The battery separator of claim 6 where said
microporous film has a pore size in the range of 0.005 to

1.5 micron.

8. The battery separator of claim 6 where said block
copolymer including a polyetheresteramide monomer is 4% by

weight or less.

9. A battery separator comprising:
a microporcous polyolefin film having less than or
equal to 5% by weight of a block copelymer including a

polyetheresteramide monomer.

10. The battery separator of claim 9 wherein said
polyolefin being selected from the group consisting of:
polyethylene, polypropylene, polybutylene,
polymethylpentene, mixtures thereof, and copolymers

thereof.

-12-



15. The battery separator of claim9 wherein said filmbeing a

mul ti-layered filmand said bl ock copolynmer being in the outer nost |ayers
of said nulti-layered film -13 16. The battery separator of claim9 wherein
said filmbeing a tri-layered filmand said bl ock copolynmer being in the
outer nost |ayers of said tri-layered filn1 17. A multilayer battery

separator compyisipg. Ba-Loner Layen.of 8 g%%%%oboﬁﬁe%&}ﬁ%sﬁﬁ” film where

sai d m croporous is sé rom t group consi sting of:

I hyl I b I I
et cof Paha BoHEbREa “PRavabRYY BHE YL FERe B8y B8 PR REERERERsuEbol yoi ef i n

film where said nlcg Lous gi golefl |In1|s selected fron1h£ group
consi st i FigPBF YMPHF y hg? ety RT6r e800f aEbF?eIﬁ?Feﬁé D¥opGrgREr §fof

pol yet hyl ene, pol ypropyl ene, m xtures of pol ypropyl ene, copol yners of
polypropym%nblocbo¢?@% yheHe, nixtures of pol ybutyl ene, and copol yners of
pol ybutyl ene, pol ynet hyl pentene, m xtures of pol ynet hyl pentene, and
copol ynmers of pol ynet hyl pent ene, and

12. The battery separator of claim 9 wherein said
polvolefin being polypropylene, mixtures of polypropylene,
and copolymers of polypropylene, and having less than 5% by

weight of said block copolymer.

13. The battery separator of claim 9 wherein said
polyolefin being polypropylene, mixtures of polypropylene,
and copolymers of polypropylene, and having less than or

equal to 4% by weight of said block copolymer.

14. The battery separator of claim 9 wherein said
microporous film having a thickness of no greater than 200
microns, a porosity in the range of 10 to 90%, and a pore

gsize in the range of 0.005 micron to 1.5 micron.

15. The battery separator of claim 9 wherein said
film being a multi-layered film and said block copolymer

being in the outer most layers of said multi-layered film.

_13_



m xtures thereof; and said outer |ayer of said mcroporous polyolefin film
al so conprising fromO.1%to 50% by wei ght of a block copolyner including a
pol yet her est eram de nonomer. -14 18. The nmultilayer battery separator of
claim1l7 where said inner |ayer of said m croporous polyolefin film
comprises fromO0.1%to 50% by wei ght of a bl ock copolynmer including a

pol yet her est elfclgm denEoRANRLr1%e F(%lrtg;t:&r?f}éﬁ anatv%)ntng?/e @gﬁt}?ﬁ{ Q5 GoNprising: an

I nner | ayer a m croporous poI m cr opor ous

pol yol eficn,film.i el ected fr rg the %T“ % hyll $i38 NG, 330? QRr?lo%ilt Q%Lene

m xt ures 0 olly t Ayl ene, opo mers ene,

m xt ures_ of pol, pyl ene, copol yners of ut yI ene,
m xt ures 81’1“§0Il§x F‘?I é’Héeraﬁﬁ’S&oé@IY?ﬁﬁ’r & ofsay]ﬁ{) %uﬁﬁ eeﬁ%epdo '

pol ynmet hyl pent ene, m xtures of pol ynet hyl pentene, copol yners of

pol ymet hyl pentene, and m xtures thereof; two outer |layers of a m croporous

polyolefin film where said m croporous polyolefin filmis selected fromthe
17. A multilayer battery separator comprising:

an inner layer of a microporous polyclefin film
where said microporous polyolefin film is selected from the
group consisting of: polyethylene, polypropylene,
polybutylene, polymethylpentene, mixtures thereof, and
copolymers thereof;

an outer layer of a microporous polyolefin film
where gaid microporous polyolefin fiim is selected from the
group consisting of: polyethylene, mixtures of
polyethylene, copolymers of polyethylene, polypropylene,
mixtures cof polypropylene, copolymers of polypropylene,
polybutylene, mixtures of polybutylene, and copolymers of
polybutylene, polymethylpentene, mixtures of
polymethylpentene, and copolymers of polymethylpentene, and
mixtures thereof; and

said outer layer of said microporous polyolefin film

algo comprising from 0.1% to 50% by weight of a block

copolymer including a polyetheresteramide monomer.
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group consisting of: polyethylene, mxtures of polyethylene, copolyners of
pol yethyl ene, pol ypropyl ene, m xtures of polypropyl ene, copol yners of
pol ypropyl ene, pol ybutyl ene, m xtures of polybutyl ene, and copol yners of

pol ybutyl ene, ;1 pol yngs hsthpent eper BhiEHE@SsObarROb¥BENYH RERt gRE, copol ymers
of polynmethyl pentene, and mxtures thereof; and -15 sald two outer |ayers

of sai d p.GLonoK oyis: ok %%{él o | Al 30-808BEbSLgLL OO, 194 0,50% by

wei ght | oc copo udlng ere € nonorer.

The trI|Q% batte ¥o%e$a{ ol 95 clain m 19, mhe %fld |nner Ia%er of sald
ni cr oporoUS potf yol ef Th m conprlsgs ?r% Wat B5% 5YPR&YERE of a bl ock
copolynmer including a et her est eram de nnnoner 21. The trilayer battery

separ at o%n%u‘é}%?n?l@o%%%‘f ergat grolter PayePerof said microporous

polyolefin film conprises |ess than 5% by wei ght of a bl ock copol yner

i ncluding a pol yetheresteram de nononer. 22. The trilayer battery separator

of claim19 where said outer l|layers of said mcroporous polyolefin film
19. A trilayer battery separator comprising:

an inner layer of a microporous polyolefin film
where said microporous polyclefin film is selected from the
group consisting of: polyethylene, mixtures of
polyethylene, copolymers of polyethylene, polypropylene,
mixtures of polypropylene, copolymers of polypropylene,
polybutylene, mixtures of polybutylene, and copolymers of
polybutylene, polymethylpentene, mixtures of
polymethylpentene, copolymers of polymethylpentene, and
mixtures thereof;

two cuter layers of a microporous polyolefin film
where said microporous polyolefin film is selected from the
group consisting of: polyethylene, mixtures of
polyethylene, copolymers of polyethylene, polypropylene,
mixtures of polypropylene, copolymers of polypropylene,
polybutylene, mixtures of polybutylene, and copolymers of
polybutylene, polymethylpentene, mixtures of
polymethylpentene, copolymers of polymethylpentene, and

mixtures thereof; and
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conprises from20%to 50% by wei ght of a bl ock copolyner including a
pol yetherest eram de nononer. 23. The trilayer battery separator of claim 19
wherein said mcroporous filmhaving a thickness of no greater than 200

mcrons, a porRshtywbnohberr apgersf 0205694 A9%-opBRdoasPebeySizein the range
of 0.005 mcronto 1.5 mcron. -16
film also comprising from 0.1% to 50% by weight of a block

copolymer including a polyetheresteramide monomer.

20. The trilayer battery separator of claim 19 where
said inner layer of said microporous polyclefin film
comprigses from 0.1% to 50% by weight of a block copolymer

including a polyetheresteramide monomer.

21. The trilayer battery separator of claim 19 where
gaid outer layers of said microporous polyoclefin film
comprises less than 5% by weight of a block copolymer

including a polyetheresteramide monomer.

22, The trilayer battery separator of claim 19 where
said outer layers of said microporous polyolefin film
comprises from 20% to 50% by weight of a block copolymer

including a polyetheresteramide moncmer.

23. The trilayer battery separator of claim 19
wherein said microporous £ilm having a thickness of no
greater than 200 microns, a porosity in the range of 20 to
80%, and a pore size in the range of 0.005 micron to 1.5

micron.
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