Descripti on M CROPOROUS PCLYMERI C MEMBRANES, METHODS FOR MAKI NG SUCH
MEMBRANES, AND THE USE OF SUCH MEMBRANES AS BATTERY SEPARATOR FI LM FI ELD OF
THE | NVENVOGbIoj26@%] The invention relates to a m croporowgprrewbssasie havi ng
a shutdown tenperature < 133.0C and a self-discharge capacity < 110.0 mAh,
e.g., < 90.0 mAh. The invention also rlelates to a battery separator forned
by such a m croporous nenbrane and a battery conprising such a separator.
Anot her aspect of the invention reIBate.s to a nethod for nmaking the
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separ at oFSELDNOF THBH INVENTI®NT or mance significantly affects the
properties, productivity and safety of the batterjies. Accordingly, the
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[0002] Microporous membranes can be used as battery separators in, e.g., primary

and secondary lithium batteries, lithium polymer batteries, nickel-hydrogen batteries,
15 nickel-cadmium batteries, nickel-zinc batteries, silver-zinc secondary batteries, etc.
When microporous membranes are used as battery separators, particularly lithium ion
battery separators, the membranes’ performance significantly affects the properties,
productivity and safety of the batteries. Accordingly, the microporous membrane
should have suitable mechanical properties, heat resistance, permeability, dimensional
20 stability, shutdown properties, meltdown properties, etc. It is desirable for the batteries
to have relatively high permeability, relatively high pin puncture strength, relatively low
shutdown temperature, and relatively high electrochemical stability, particularly for
batteries that are exposed to high temperatures during manufacturing, charging,
re-charging, overcharging, use, and/or storage. High separator permeability generally
25 leads to an improvemént in the battery's power and capacity. Low shutdown
temperature is desired for improved battery safety, particularly when the battery is
operated under overcharge conditions. High pin puncture strength is desired to prevent
separator puncture during battery manufacturing, which can result in an internal short

circuit. High electrochemical stability is desired because electrochemical deterioration



separator puncture during battery manufacturing, which can result in an

internal short circuit. H gh electrochemcal stability is desired because

el ect r ochwoi2eslo2a@seri or ati onof the separator can | ead POTHR2MWOYNESSST

sel f-di scharge. [0003] In general, batteries containing m croporous

menbr ane separators produced from pol ¥t hyl ene having a relatively |arge

anmount of term nal unsaturation exhibit a decrease in battery capacity
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t enper at %3 0C, and a sel f-di scharge capacity < 110.0 mAh.

[0004] Other references disclose multi-layer membranes having an improved

15  balance of properties. WO02007/037290A, for example, discloses a battery separator
comprising a multi-layer, porous film having two microporous léyers. The first layer
contains polyethylene héving a terminal unsaturation of 0.20 or more per 10,000 carbon
atoms, while the second layer contains a second polyethylene having a terminal
unsaturation of less than 0.20 per 10,000 carbon atoms.

20  [0005] It would be desirable to further improve the total balance of film properties
such as permeability, pin puncture strength, heat shrinkage, shutdown temperature and
electrochemical stability, particularly in a multi-layer membrane.

SUMMARY OF THE INVENTION

[0006] In an embodiment, the invention relates to a microporous membrane
25 comprising polyolefin and having a shutdown temperature < 133.0°C, and a

self-discharge capacity < 110.0 mAh.

[0007] In another embodiment, the invention relates to a method for producing a

microporous membrane, comprising,

(1) (a) combining at least a first polyethylene and a first diluent, the first



[ 0007] In another enbodi nent, the invention relates to a nethod for

produci ng a m croporous nenbrane, conprising, (1) (a) conbining at |east a

first polwyethywemssand a first diluent, the firstpolyetrgiranzovessssig an My
< 1.0 x 106 and an anpunt of term nal unsaturation < 0.20 per 10,000 carbon
atons and (b) conmbining at |east a sednd pol yet hyl ene and a second

di luent, the second pol yethylene having an Mv < 1.0 x 106 and an anount of
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the first polyethylene, a second. |ayer containing the second pol yethyl ene,
and a third |#yaHtphicaniyl pesaisation 7 8-20ines{0.90Q carbena@msayer s cont ai ni ng
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t he extrudate; 4) renoving at |east a portion of the first, second,
and third di [@20per 0,00 daklonmtdérhs;- | ayer extrudate to produce the nmenbrane.
[ 0008] In another enbodinent, the invention relates to a m croporous

menbrane prodd¢ed Byming fom deaiicagbpied cealycthylongsonnd dilyense He rrredissdi ment
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| ayer | ocated between the first and second |layers, the third |ayer

extrudate contains polyethylene having a terminal unsaturation > 0.20 per 10,000

carbon atoms in an amount in the range of 4.0 wt.% to 35.0 wt.% based on the

total weight of polyethylene in the extrudate; and

15 @ removing at least a portion of the first, second, and third diluents from
the multi-layer extrudate to produce the membrane.

[0008] In another embodiment, the invention relates to a microporous membrane
produced by the preceding process.
[0009] In aﬁother embodiment, the invention relates to a multi-layer microporous

20 membrane comprising:

a first layer comprising a first polyethylene having an Mw < 1.0 x 10° and an
amount of terminal unsaturation < 0.20 per 10,000 carbon atoms;

a second layer comprising a second polyethylene having an Mw < 1.0 x 10°
and an amount of terminal unsaturation < 0.20 per 10,000 carbon atoms;

25 a third layer located between the first and second layers, the third layer
comprising a third polyethylene having an Mw < 1.0 x 10° and an amount of
terminal unsaturation > 0.20 per 10,000 carbon atoms; and

the total amount of polyethylene in the multi-lay_er microporous membrane

having terminal unsaturation > 0.20 per 10,000 carbon atoms and an Mw < 1.0 x

30 10 being in the range of 4.0 wt.% to 35.0 wt.%, based on the total weight of the



conprising a third pol yethylene having an Mv < 1.0 x 106 and an anount of
termnal unsaturation > 0.20 per 10,000 carbon atons; and the total anount
of pol yetwol2eroen2resst he nul ti -1 ayer m croporous nenbrane PoadPngobe&ssi nal
unsaturation > 0.20 per 10,000 carbon atons and an Mv < 1.0 x 106 being in
the range of 4.0 wt. % to 35.0 wt.% baked on the total weight of

themul ti-1ayer m croporous nenbrane. [0010] In yet another enbodi nent, the
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separators. Thése séparators have a relatively | ow shutdown tenperature,
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JP2002- 338730A. On the other hand, m croporous nmenbranes conprising

pol yet hy feria alesliigyehicle ogRyhridelegtriawphigle- of t erni nal unsaturati on have been
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15  polyethylene having a significant amount of terminal unsaturation have been observed

to deteriorate during battery storage and use. It is believed that the deterioration
results at least in part from polyethylene oxidation reactions. Microporous membranes
comprising polyethylene having an amount of terminal unsaturation < 0.20 per 10,000 -
carbon atoms have also been disclosed as useful for battery separators. Batteries
20  containing these separators show less deterioration during battery storage and use, but’
these batteries have a higher shutdown temperature. The invention relates to the
discovery of a microporous film that has both a low shutdown temperature and less
separator deterioration (greater electrochemical stability) during battery storage and use.
[0012] In an embodiment, the microporous membrane is a multi-layer membrane
25  having first and second layers comprising first polyethylene and second polyethylenes
respectively. The first and second polyethylenes are optionally the same polyethylene -
or mixture of polyethylenes. The first and second polyethylenes have an amount of
terminal unsaturation .< 0.20 per 10,000 carbon atoms (PE1, PE2). The multi-layer
microporous membrane also contains a third layer located between the first and second

30 layers, wherein the third layer comprises a third polyethylene having an amount of



[0012] In an enbodi ment, the m croporous nmenbrane is a nulti-Ilayer nenbrane
havi ng first and second | ayers conprising first polyethylene and second

pol yet hylwoesiwes@éect i vel y. The first and second pol yet irgrara®9/a65851
optionally the sanme pol yethylene or m xture of polyethylenes. The first and
second pol yet hyl enes have an anount of5term nal unsaturation < 0.20 per

10, 000 car bon atons (PEI', PE2). The nulti-layer m croporous nenbrane al so
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t enper at ures but has relativel y poor el ectrochem cal stabili tﬁ' Tri-1ayer
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t he shut dovvn terrper ature of or PE2 nonol ayer "m croporous nenbrane. |t
i s ther ehaviag animpter Hyagof PEL oﬁPE?Jhlhd elitaylayeryiof PBp hawtia sorbedor disdosed i ai ni ng
a core layer of PE3 and outer ers of PElI and/or PE2 woul d have both

i mpr oved @%W/%W%cam@ﬁ%mm rpnesndo i mSr kAVedthehdesirals eleptprahamigad. [ 1]
ehod meeoEhat R E e onE e BB Af PELOT i Putdd ik A Byt oi ng
PEl havi ggu@owkiéhperdiias ape 1mv?&‘{h§1{ theeififdovin' Miperature of a PE1 or PE2
15 monolayer microporous membrane. It is therefore surprising that a multi-layer
microporous membrane containing a core layer of PE3 and outer layers of PE1 and/or
PE2 would have both improved electrochemical stability and improved shutdown
temperature.

[1] Coinposition and Structure of the microporous membrane

20 [0014] In an embodiment, the microporous membrane comprises:

a first layer comprising PE1 having a weight-average molecular weight (“Mw”)
<1.0x 106, e.g., in the range of from 1.0 x 10° to 0.95 x 106, and an amount of terminal
unsaturation of less than 0.20 per 10,000 carbon atoms; a second layer comprising PE2
having an Mw < 1.0 x 106, e.g., in the range of from 1.0 x 10° to 0.95 x 106, and an

25 amount of terminal unsaturation < 0.20 per 10,000 carbon atoms; aﬁd a third layer
comprising PE3 having an Mw < 1.0 x 10°, e.g., in the range of from 1:0 x 10° to 1.0 x
10%, and an amount of terminal unsaturation (e.g., terminal carbon-carbon unsaturated
bonds) > 0.20 per 10,000 carbon atoms. The third layer is located between the first |
and second layers. The total amount of the PE3 in the membrane is generally in the

30 range from about 4.0 wt.% to 35.0 wt.%, or from about 5.0 wt.% to 25.0 wt.%, the



< 1.0 x 106, e.g., in the range of from1.0 x 105 to 0.95 x 106, and an
anmount of term nal unsaturation of |ess than 0.20 per 10,000 carbon atons;
a second wayero/eowpri si ng PE2 having an Mv < 1.0 x 106, PETYP2009/n6355e r ange
of from1l.0 x 105 to 0.95 x 106, and an anmount of term nal unsaturation <
0.20 per 10,000 carbon atons; and a thord | ayer conprising PE3 having an Mwv
< 1.0 x 106, e.g., in the range of from1l.0 x 105 to 1.0 x 106, and an
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is generally in the range fromabout 4.0 wt.%to 35.0 wt. % or from about
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menbrane, e.g., the t ot al wei ght 0of pol yner in the nenbrane when the
merbr ane Ok &i9pt akad 184% 1/ awtm@a‘ﬁoﬁ%rl@sqﬁ’méb?‘ﬁi diveod thy combingdj r g

| ayer _i s ner al i the ran of , about 4. 0% t bou 1.09 r_from about
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thi cknesgyyRfs EdiRaihi LS tha SUORA.9ANA 168 then 1120 4196 JfMPEY) HEDALIHERN Layet he
first and’second | ayers contain less than 5.0 wt.%or |l ess than 1.0 wt. % of
PE3, and coiftaink héss dhdray Orwickbndrdiesssthhed 9 whénobPB1 WPE2oowrbokle BE1 tahd PER. 0 wt . %
of PEl, PE2, or both PEl and PE2. In an enbodinent, the first, second, and.
third | ajeps embpdiment, dhe Brstisgrangd, and Bandylavgrs consis et lyeofirplymemt Int he

first, second, and .third |aygrs consi,st essentially of | yet ene. or

pol yet hy FBH efar?gl%(?ﬁgn%}}t’ nth? eﬁgfi S0Py 8n ,lrci nlél?{?rgf f(l’l}sgsg, ng?%?élllyo(g%] I'n
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x 106. | poes) enbindandhér, einbedihienhst tHeaymiti-tyes i rsicsopes@snmeaibraneo furthet
optionally in conbination with PE4, the second | aéer consi sts essentially
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| ayers) conprise outer |layers of thé nmenbrane and the third layer is an
i nt ensredicambinatiye wi(loPE4, and the third layer consists essentially of PE3 optionally in
combination with PE4.
[0016] In an embodiment, the multi-layer, microporous membrane comprises three
layers, wherein the first and second layers (also called the “surface” or “skin” layers)
comprise outer layers of the membrane and the third layer is an intermediate layer (or
20  “core” layer) located between the first and second layers. In a related embodiment, the
multi-layer, microporous membrane can comprise additional layers, i.e., in addition to
the two skin layers and the core layer. For example, the membrane can contain
additional core layers. The membrane can be a coated membrane, i.e., it can have one
or more layers additional layers on or applied to the first and second layers. While it is
25  not required, the core layer can be in contact with one‘ 'or more of the skin layers in a
stacked arrangement such as A/B/A with face-to-face- (e.g., planar) stacking of the
layers. The membrane can be referred to as a ‘“povlyoleﬁn membrane” when the
membrane contains polyolefin. While the membrane can contain polyoieﬁn only, this

is not required, and it is within the scope of the invention for the polyolefin membrane

30 to contain polyolefin and materials that are not polyolefin. In an embodiment, the



"core" layer) |located between the first and second layers. In a related
enbodi nent, the nulti-layer, m croporous nenbrane can conprise additional

| ayers, iwe.2p10/m7@ddition to the two skin |ayers and t heCrarmod/essest For
exanpl e, the nenbrane can contain additional core |ayers. The nenbrane can
be a coated nenbrane, i.e., it can havk one or nore |ayers additional
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first and second | ayers can optionally be in the range of 79.0%to 96. 0% of

t he t ot al5510hwtkniesk)0dr wi.be omaOtd w.&y er 8D ovtdpobasad omehd menght offdlie Brsanpl e,
the thickness can be in the range of 80.0%to 90.0% or 85.0%to 90. 0%
Opt i onal llayer.t Whemihgdirstdayapepntamsfikd, theragtounhglelPE4 i the laygeisrahty wife.55. 0

wt.%to 100. % . 0 0.0 % 10,85 0 wt.% based-on t i ght of the
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the layer. Optionally, the anobunt of PE2 in the second layer is in the
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of PE4 i RE¢hthelampupt pisPE4 inghe layer < 45. wt.% 5.9, W-09%tt% tad0.0 wit"%ookasphsed on

LS B b R SR PR T Sog P83 S i o e
o s U Sl (P iy pramiaphe L0 pngiedt ot
wt . %is5 or PEQ.aAd RE4A%or ex@bple. Wt . % based on the wei ght of the |ayer.
[0018] = In an embodiment, the amount of PE3 in the third layer is in the range of
55.0 wt.% to 100.0 wt.%, or 60.0 wt.% to 85.0 wt.%, based on the weight of the layer.
When the third layer contains PE4, the amount of PE4 in the layer is < 45.0 wt.%, e.g.,
15.0 wt.% to 40.0 wt.%, based on the weight of the layer. }
20 [0019] Besides the PE1, PE2, PE3, and PE4, the membrane can optionally contain
other polyolefins such as polypropylene.
[0020] In an embodiment, the membrane is a polyethylene membrane where the
thicknesses of the first and second layers are equal (and of substantially the same
composition), with both layers being in the range of from about 80.0% to about 95.0%,
25  for example about 85.0% of the combiriéd thickness of the first, second, and third layers.
In an embodiment, the first and second layer both comprise PE1 in an amount in the
range of from about 65.0 wt.% to 85.0 wt.%, for example 70.0 wt.%. The amount of
PE3 in the third layer is in the range of from about 60.0 vﬁ.% to 85.0 wt.%, for example
70.0 wt.%. The amount of PE4 in the first and second layers is in the range of from

30 15.0 wt.% to 35.0 wt.%, for example 30.0 wt.%, while the amount of PE4 in the third



When the third | ayer contains PE4, the anmobunt of PE4 in the layer is < 45.0
w.% e.g., 15.0 wt.%to 40.0 w.% based on the weight of the | ayer.

[ 0019] BewoOdew/2hesPEl , PE2, PE3, and PE4, the nenbranePcanrmod/nesssl |y
contain other polyolefins such as pol ypropyl ene. [0020] In an enbodi nent,
the nmenbrane is a pol yethyl ene nmenbran® where the thicknesses of the first
and second | ayers are equal (and of substantially the sane conposition),

wi t h bot r }%8#1 to about 95.0% for
exanpl e gﬁlewsei@?h%@hg?&ﬁe corb }ﬁgﬁo%lé’k@& &3?% ‘&%st second, and
third | ayeezl] | NTROPEMDRER, Y, PEuhﬁldfméatluaﬂgiu&aqorp%d@w’fe éa@xﬁxhat@@ﬂarl se
PEl in an anount in the range of from about 65.0 wt.%to 85.0 wt.9% for

exanpl e 7 isxbpdrousTmembrangrwillofowPBd d¢saribérbint hprecetaly er'Whide the inventionnge of
%to ' % for.ex e anpunt of PE4

from about 60. .0 w 0 wt.% h
. n the fi éfscalg?ﬁM glete'amoﬁg *imfgml? pents, Hb‘sr“é’ﬁé‘gul‘}g thergioy &fosi -b[le\féﬁswwnss o

in ft%)he]c (r);nge g?:h%gﬁgn\?&t% I#?t rﬁ%ﬁnb%ﬁo@%}l@%@ H%xegﬂn%f%%g& g\fn ﬂ% lfg%)(gei] The

PEl , PE2schffe3 of RE4, indBslidnhe ® Euﬁi&hﬁu ugRed deQriptioRl UsE nhdlg-18pek rweAbfanand the
m croporous nenbrane will now be described in nore detail. Wile the

i nvent i oenibtedohesty ibedt meantetonrboredloseheweoleptrocnbeditnentsi within thetbrbadert ed
thereto, and the description of these enbodiments is not meant to forecl ose
ot her ent?ﬁ‘éﬁerﬁécﬁlﬁ%lwlitfﬂnﬂ the br oader scope of the invention. In particular,

the descrb 121cis use ﬁ erthem tfi‘i?ae eHl?C%'g)l gprhts%nelﬁbr%t meant to
f or ecl os the i nventi on.

[ 2] Nﬁterl*@tlﬁeluﬁs%d tb Prod Q@UHEe nidlB-1a1r ini¢rdpBFrouikéRBRAIMRUS Menbrane Polyner
used to produce € nul ti-Tayer, m croporous nenbrane [0022] The first

pol yet hylj@oR2] ( PEl"he ciast ﬂa:éyahyibml(mféhsdamybqoallygh kighetyepdl HBRHEnh dDRE) an My <
1.0 x 106, e.g the range of from ahout 2.0 x 105 to about O. 90 x 106,

a nol ecu|havma/@i1&\fﬁw <dl S iCgeom the gange of ffsom ﬂ@ma&g&al%fw@bwh%%bm 9.0 to
about  50. aorholecé n%ro e1 1stribgf‘ n%gtl\}f{fﬁ’mn t}%m%ﬁ oft frgm a%]thfef Ojtg g uq 5?) bon

atons. In an S an range o F'om about 0 x 105
to about 584 Oa XtekfiRal unsaturation amount < 0.20 per 10,000 carbon atoms. In an

15 embodiment, PE1 has an Mw in the range of from about 4.0 x 10° to about 6.0 x 10° .
and an MWD of from about 3.0 to about 10.0. In an embodiment, PE1 has an amount
of terminal unsaturation < 0.14 per 10,000 carbon atoms, or < 0.12 per 10,000 éarbon
atoms, e.g., in the range of 0.05 to 0.14 per 10,000 carbon atoms (e.g., below the
detection limit of the measurement). PE2 can be selected from among fhe same

20  polyethylenes as PEI. PE1 and PE2 can be, e.g., SUNFINE SH-800™ polyethylene,
available from Asahi Kasei.

[0023] PE3 can also be a HDPE having an Mw < 1.0 x 10, e.g., in the range of
from about 2.0 x 10 to about 0.9 x 10%, an MWD in the range of from about 2 to about
50, and having a terminal unsaturation amount > (.20 per 10,000 carbon atoms. In an

25 embodiment, PE3 has .-an amount of terminal unsaturation > 0.30 per 10,000 carbon
atoms, or > 0.50 per 10,000 carbon atoms, e.g., in the range of 0.6 to 10.0 per 10,000
carbon atoms. A non-limiting example of the PE3 for use herein is one having an Mw
in the range of from about 3.0 x 10° to about 8.0 x 10, for example about 7.5 x 10°, and
an MWD of from about 4 to about 15. PE3 can be, e.g., Lupolenm, available from

30 Basell.



and an MAD of from about 3.0 to about 10.0. In an enbodi nent, PEl has an
anmount of termnal unsaturation < 0.14 per 10,000 carbon atons, or < 0.12
per 10, 00WOcarmmeat ons, e.g., in the range of 0.05 to @CTIAPEOY/04B51000
carbon atons (e.g., below the detection Iimt of the measurenment). PE2 can
be selected from anong the sane pol yetthhyl enes as PEL PEl and PE2 can be,
e.g., SUNFINE SH-800(tm) polyethylene, available from Asahi Kasei. [0023]

PE3 can be hay] < 1.0,.X el ge,of from
PES 020 30A1DS PeBENAIAR A M Bk, 1P et sobBptiick 338,07 110
about 50 ettaheRRVERS EopoBfridrNabntdinead W a3 | 961eanRUSE oneOo”OmBR! olfle@P0
carbon atons. I n an enbodi nent, PE3 has an anount of term nal unsaturation

> 0. 30 peomdao0O8. cOpbomllyt dewi-olefin somos@nersy whioh @30nat zthybaneatrerome oe. g., in
the range of Q.6 to 10, 0 per 10,000 carbon atons. A non-limting exanple of
the PE3 e ag@rmf eé’ienb?tﬁn%h’ep‘ﬁ’é‘?ﬂeh]gﬁ@ﬁew’i _-n%eﬂyh?egﬁ-’gls-lof%fqns-ﬁr At 3.0 x

105 to a 8 e ab , o] rom
about 94 ? (gé{%ltg’otlﬂ%t@%}g%@;@étﬁ’ ég%&ge - %p%ngﬁé,z chl\?eﬁeﬁﬁgpg&fd%” n &

Basel | . [ RR4ds Bhg PERglNHIAr oPEagleaitebfolyRelzatioANcRAIPM] SOE thioTBRRL Yy MEr or
an et hyl ene/ a- ol e%l n copol ymer containing < 5 nole %of one or nore

a- ol ef i nrapmed.o n"Ehesam@pttiof reanlinal ubsaturati@l edfnrbecoeasnmden s¢condinet vathgheot

et hyl ene, are one or _nore of propyl ene, butene-1, pentene-1, hexene-1,

4- et hy| pEsedies [descibed e HCT\Ryblicatipne MO8 7/23234n for examaler y IPES ecany pe
styrene. PH .PE2 can.be produce g i process using a

Zi egl er- Rlﬁ({%tuggd;‘?m% %8@8%‘?@585%%3}1?%%%@% f(;dﬁ eég eyst , but this is not

requiig edjooksg anPrdtcalfbd SoPidkample)Sat UitALhieR maRciar el .5‘2 ﬁ&l?rétﬂyl%ﬁéior dance

wi th the procedures described in PCT Publication W07 , Tor exanple.
PE3 can eHMW®ES ddvingiangMsy 2Hr®®i 10% egntimitn rgge af &loys shout dr0 exidfimd .-
[ 0025] PE4 can be, for exanple, an ultra-high nol ecul ar, wei ght pal yet hyl ene
( UFIPE) bt ori 4R M 30 YD fiyen abow 2 1o a0phad r o(hganGmRERAmRE0l 1. 0 x
100 0, S5 e 08 AR ANVUEARL 5 8RR A O B SRl o
about 1. @xamplf@bb& BHU0° Ind ah MWD of Bom about 2 to about 20, preferably about 4
15 to 15. PE4 can be, e.g., an ethylene homopolymer or an ethylene/a-olefin copolymer
containing < 5 mole % of one or more a-olefin comonomers. The a-olefin
comonomers can be, for example, one or more of, propylene, butene-1, pentene-1,
hexene-1, 4-methylpentene-1, octene-1, vinyl acetate, methyl methacrylate, or styrene.
Such copolymer can be produced using a Ziegler-Natta or a single-site catalyst, though
20  this is not required. Optionally, PE4 is Hi-ZEX 240M " polyethylene, available from
Mitsui.
[0026] Mw and MWD of the polyethylenes are determined using a High
Temperature Size Exclusion Chromatograph, or “SEC”, (GPC PL 220, Polymer
Laboratories), equipped with a differential refractive index detector (DRI). Three
25 _PLgelm Mixed-B columns (available from Polymer Laboratories) are used. The
nominal flow rate is 0.5 cm’/min, and the nominal injection volume was 300 pL.
Transfer lines, columns, ahd_the DRI detector are contained in an oven maintained at
145°C. The measurement is made in accordance with the procedure disclosed in

» Macromolecules, Vol. 34, No. 19, pp. 6812-6820 (2001).
30 [0027] The GPC solvent is filtered Aldrich reagent grade 1,2,4-Trichlorobenzene



exanpl e about 2.0 x 106, and an MAD of from about 2 to about 20, preferably
about 4 to 15. PE4 can be, e.g., an ethyl ene honopol yner or an

et hyl ene/woabsfizmesopol ynmer containing < 5 nole % of oneCoIPmop/ecsasiol ef i n
conononers. The a-ol efin conononmers can be, for exanple, one or nore of,
propyl ene, butene-1, pentene-1, hexenkdl, 4-nethyl pentene-l, octene-1,
vinyl acetate, net hyI net hacryl ate, or styrene. Such copol yner can be

pr oduced - I h S is
not requﬂr%%pg%%f %%ﬁfo%&% .RTOO @B}g é%%kéa% gyéﬁmfgﬁwavgﬁ abl e
from Mt 9@B is[d¥32&kd Mfi/tlﬁﬁkd oMk @éé?kéae pHet V&Iﬂ?ﬁbﬁﬂ&ﬁﬁl R IRESEC NPHGhetiSI NG a
H gh Tenperature Size Exclusion r omat ogr aph, or "SEC', (GPC PL 220,

Pol ynmer  kelboomst are ipesparedeloyu plapieg day tpllyandtiif faeglesst domtainaef adiing the desitedk
detector (DRI). .Three PLgeI M xed- B cql unns (aavail abl e from Pol yner

Labor at ofmeY)t of abqyse HCBTHRIvetnthen | heptingy theymixiuge @t 86Q7a M confiyopne

gg{n e2$ or a%llb %t If(())r abou{ fﬂgur\m’f he39091c£'ijftrat1-g %?ﬁgfggnelfl @ﬁé@? .E%So,7ﬁﬂg/nhhe PR|

re contai I'n~an oven maln € neasur
made in S%ﬁfe%ﬂﬁi‘%n‘%ﬂlfbetﬁ]?erw&?@ﬂ@%@fo@éﬁfép 8840 GPAVRRRQ ﬁﬁw@% aol . 34,
No. 19, pp. 6812-6820 (2001). [0027] The C Solvent is Itered drich
reagent grodeleSPR6R, Saniplé Etebcﬂta:thmr(amlkabrEGB)m@ohm:aarmahgratmms))m mately 1000 ppm
of butyl ated hydroxy toluene_ (BHT). The TCB is degassed with an online
degasser W?br tihe; WP?@H%Fffifheqcbith they golgpm sepds ¢ a@%lvﬂﬁh d5alikadoyr epar ed

b | dd h
o ore s it tndied Mg ke BerfetRa SRR b1 meB SaBfhct FanfiiRh Mp L™ ©

agi t%l OQbJu(PrSSQtt@LHbogt 09.006,000,NEhicRNS T &) baRrAE tROLMBRAGOLEVEODhd S 0. 25 -
to 0.75my/ M. Sanple solution will be filtefed off-line before injecting to

GPC wit hp&mtyfanbtmndasjsngeaobmded fish? o lsaempLebdPatepe S Aniherst,( M. | abl e from
Pol ymer Laboratories). aI{4@028 The separatjion efficiency of the colum set
i s cal i bealibeation eve(legMpbysatstentionuralumeleis sienerated by 1egomingathe feteation

divid | d f 0,19, Ab
16000, oBtuR e TR B PRT5ERal A1 Bhdfies Rablopi T ARRY b3 Bl R0
Rol ystyr efRorlef pIRMERIA! €SARpRS RN akdl PR Figmgrmokam,r alfhbRSTéAWEISt, MY .

15  Metrics, Inc.

Diluents used to produce the multi-laver, microporous membrane

[0029] The first, second, and third diluents can be, e.g., one or more of aliphatic,
alicyclic or aromatic hydrocarbons such as nonane, decane, decalin, p-xylene, undecane,
dodecene; liquid paraffin; and mineral oil distillates having boiling points comparable to
20  those of the preceding hydrocarbons. Although it is not required, the first, second, and
third diluents can be the same diluent or diluent mixture. In an embodiment, the
diluent is a non-volatile liquid solvent (or mixture thereof) for the polymers used to
produce the extrudate. The diluent's viscosity is generally in the range of from about
30 ¢St to about 500 cSt, or from about 30 ¢St to about 200 ¢St, when measured at a
25 temperature of 25°C.  Although the choice of viscosity is not particularly critical, when
the viscosity at 25°C is less than about 30 cSt, the mixture of polymer and diluent might
foam, resulting in difficulty in blending. On the other hand, when the viscosity is more
than abéut 500 cSt, it can be more difficult to remove the solvent from‘ the extrudate.
[0030] In an embodiment, the amount of diluent in the extrudate can be in the range,

30 e.g., of from about 25.0 wt.% to about 90.0 wt.% or 60.0 wt.% to 80.0 wt.% based on



calibration curve (logM vs. retention volune) is generated by recording
the retention volune at the peak in the DRI signal for each PS standard,
and fittiwgQ2twe7@ata set to a 2nd-order pol ynonm al . Samprasmp/ecsasial yzed
using |GOR Pro, available fromWwve Metrics, Inc. Diluents used to produce
the multi-layer, mcroporous nenbranel]0029] The first, second, and third
diluents can be, e.g., one or nore of aliphatic, alicyclic or aromatic
hydr ocar ions, . , C b, R decene;
Y qui a pararpdf BoR% RRRRE, WIATAR e RE Telr (R polirihoell AR (HE
conpar abkgiridatd. Nag &t dnitRIRhEREGhE @xiHO canittiPBSin Ahdun® w8 iluénti i thet
required, the first, second, and third diluents can be the sane diluent or
di | uent mange wf @boutr6Sdhwebwddhe mit,%ot dreabdint UeNtWti% ta 70wt 6l hasetl enltheui d
solvent (or mxture thereof) for the polynmers used {o produce th

ext r udat &elgbﬁeoéith%eﬁﬁmga% sJBs?PyemEO‘ggﬁékaﬁ!ey extuqal 15 aprgduend 3?%% about

30 cSt t hou fromabout 30 ¢St to about 200 cSt, when
measu% edggsle%y[egnpgg? gﬁjerné%lfy' 25C. Al though the choice of viscosity is not

particul agd3y] criWwihfakhe sd@Batk AR HeSBRSbPotodt méRbrahé chif&sntdiR@Bpabeets, 30 cSt,
the m xture of polynmer and diluent mght foam resulting in difficulty in

bl endi nginoganid speoteh sudhaasdspevies wontaming sidiosn tapd/os alunripurhhems)l @aod/o600 cSt,
it can be nore difficult to renpve the solvent. fromthe extrudate, iOOSO]

In an enBeatirpasiant Rohamerssich apthoss dessHbed M Phd Rublicatipns SVO4004d 32844 ne

range, e, f 25. 0 . % t 0,abou W . %, 0r . % to
50 0wt - 9503 PUORETETRE st gt P bl D b S ent B eBRud b odlg' e
pol yngr Hsafhri® £tQdbasntle Reet stid@hematkRalgt hSabsempany TREtA thish@®ngXt r udat e
contains an anmount of diluent in the range of about 65.0 wt.%to 80.0 wt. %
or about méandthetanfduhoof7mch nviterfdls nathe thictopbivas weingiraneok t he vexXbrhded e. I n
an enbodi nent, the extrudate is produced from pol yethyl ene and dil uent

only. [00B1he topl meighhaf the pplymer asedie nreducgiths $481d3t6s nenbr ane can contain

| . ; ! " ; o ne. iy
oot a3k, AR SRR SHERaARe BRGHEP RRER T Bellondr I8 B heq i
PCT Publ bt GudRR7/ A3 anbehn WP ARRR! Ol6thédspeeles shrahRed@lringaui r ed.

In an enbodi nent, the extrudate and _
15 processing can also be present, generally in amounts < 1.0 wt.% based on the weight of

the microporous polyolefin membrane. A small amount of polymer molecular weight

degradation might occur during processing, but this is acceptable. In an embodiment,

molecular weight degradation during processing, if any, causes the MWD of the

polymer in the membrane to differ from the MWD of the polymer used to produce the
20 membrane (before extrusion) by < 10.0%, e.g., < about 1.0%, or < 0.1%.

[3] Method for producing the multi-layer, microporous polyolefin membrane

[0033] In an embodiment, the multi-layer microporous membrane comprises first
and second microporous layers constituting the outer layers of the microporous
membrane and a third layer situated between the first and second layers. The first
25 layer is produced from PE1, the second layer is produced from PE2, and the third layer
is produced from PE3.
[0034] One method for producing a muiti-layer membrane comprises the steps of
(1) (a) combining at least PE1 and a first diluent, the‘ PE1 having an Mw <1.0x 10°and
an amount of terminal unsaturation < 0.20 per 10,000 carbon atoms, and (b) combining

30 at least PE2 and a second diluent, the PE2 having an Mw < 1.0 x 10% and an amount of



menbrane are substantially free of such materials. Substantially free in

this context nmeans the anmobunt of such materials in the m croporous nenbrane

is < 1.0 wo.2040/xaed on the total weight of the pol ymer Pasgt20ogo¢ssiduce t he

extrudate. [0032] The final mcroporous nenbrane generally conprises the

pol ymer used to produce the extrudatel2A small anount of diluent or other

speci es introduced during processing can also be present, generally in

anounts g 1. 9 ' f ) I j

ronor ane Bk s HABREE o es0 RSl R i (2] CRARREGNR IRC YEERA

occur dupithfd PAiRRAE SThBJPED Havidgl &n iMwaeC gt /bl ¢ addn ar Mntdt® bMRRhinal

nol ecul ar wei ght degradation during processing, if any, causes the MAD of

t he pol ynesaturatianthe (h20ripeahe,000 cditioheatorhs;o(®) texerutlind asfleashe potigmwf thsed to

produce the nmenmbrane (bef(gre extrusion) by < 10.09%. goout 1, 0% or
r

< 0.1% fOPoined REG and firgh Giiset Allearier RAITieR of éfgﬁewmw@ Bhoreddweod of i n
menbrane e%{”,?’%nd Ut ‘i@as?'ﬁoggﬁi%ﬁnéf it Sorfbinb 4 “PEY Ghd %ﬁ&%ﬂgeﬁﬁo ToR' £

conpri ses ‘$I st and second m croporous Tayers constitutin he ‘outer |ayers
of the MHRIRRYEOEKIBAL B Tistaand)ithild | 1ay&s &in‘téiﬁfhgdth@el)m%dt pgof i st
and second | ayers. The first layer is produced fromPEl, the second |ayer

i s produmspectively) 823 thamldaydreonfainiog PEY ethe itlsirglageulpug focated PESvech@34] One
met hod for producing a nmulti-layer nenbrane conprises the steps of (1) (a)

combi ni nfrshiand dhigd 1ayers andythe totd amayint o€ polyethydenepin the\extrydaln betving 2. 0 x
106 and an_anmpunt  of .ters un athon < 0.20 per.,10, 000 at ons,
and (o) CORGRR ARG arirES O30 ALTR0H0 LbBRatoay B ™ p it il R 2 Wi <
1.0 X 10§ 359 @Rt oRfthe idtahateidhi St H(El?&t!h?]%né_iﬁ-t%@ S@fudd®, 9P (gpr bon
atons; (2) conbining at least a PE3 and a third diluent; the PE3 having an
Mv < 1. Oremcbixe anktastra pomiontofahe ttestnsevahd uashthirdadilwents>fr@m28e peetchd 000
carbon atons; (3) extrudi-ng at |east .a portion of the conbined PEl and
first di Mulhlayemextrusate togpraduce; the naltidayer spiptapaEes prembrage.t hehesdeo Al

di luent, ;and at |eas ortio f..the conbjned, R nd third, diluent to
form a miiEererbes Fole ARt v o PAERE Efleimie RS Midndi R < he
PEI and §EZof {RSRERbIHE Y theBfchind Mikdctioh AT) GRANVeAlNed thePhdt diyRngd! 1 d

| ayer being | ocated between the

15  If desired the method can further comprise (5) stretching the dried extrudate in TD from

the first dry width to a second dry width, that is larger than the first dry width by a

magnification factor in the range of from about 1.20 to 1.40, without changing the first

dry length to produce a stretched membrane. The stretching can be conducted while

exposing thé dried extrudate to a temperature in the range of 124.0°C to 130.1°C, for
20 example, from 125.0°C to 129.0°C.

[0035] Additional optional steps that are generally useful in the production of

microporous membranes can be used. For example, an optional extrudate cooling step,

an optional extrudate stretching step, an optional hot solvent treatment step, an optional

heat setting step, an optional cross-linking step with ionizing radiation, and an optional
25  hydrophilic treatment step, etc., all as described in PCT Publications W02007/132942

and W02008/016174 can be conducted if desired. Neither the number nor order of

these optional steps is critical.

(1) and (2) Combining polymer and diluent

[0036] The polymers as described above can be combined, e.g., by dry mixing or

30  melt blending, and then this mixture can be combined with an appropriate diluent (or



first and third layers and the total anmount of polyethylene in the
extrudate having a term nal unsaturation of > 0.20 per 10,000 carbon atons
bei ng i n wheoreemgesof 4.0 wt.%to 35.0 wt. % based on t hecrarziovmessht of
pol yet hyl ene in the extrudate, and (4) renobving at | east a portion of the
first, second, and third diluents froh3the stretched nulti-|ayer extrudate
to produce the nmulti-layer m croporous nenbrane. The size of the nenbrane

in the transverse. (T irection can b L frst i nd the
si ze of PHé‘“FFeﬂﬁ&‘é‘?%‘P% 18 ek el e@@%ﬁp%@l‘_ﬁc&&% et ﬁ%‘?ﬁ% first
dry | eng@@l-yrdei(sﬂgﬁi fi86knt BEn BB LhRGifednn hWikdIektep ONMPRE Fifst( ekosd, laatahirmg t he
dried extrudate in TD fromthe first dry wdth to a second dry wdth, that

i s | ar gediltdmncdnise the sahe,dr.gy, liqdd pataffim nWhon thecdituennis fassotvent fon onber r ange
of fromabout 1.20 to 1.40, without cha%ﬁ;rn the first dry length to '
produce #os¢ plthe pelymessithamixtureican de calf YBSHE pluerhduthedBRHE can
exposing the dri,ed extrudate to a tenperature in the range.,of 124 0C to
736,16,  popaa e SO bt MBS BhE Sp oo URam St Phna
steps thalchdRiBR0e0a! hot HREEH vitVs HaSe PP tHeCk LR O thBTpblyARICOIbRutiBATOr anes
can be used. For exanple, an optional extrudate cooling step, an optional

ext r udat @hstcheice lvif ngixigegonditionepettasidn dwiditkolsy et cdnr batheesdmes b€ thosan

optional heat setti ngH step, an optional cross-linking step with ionizing
radi at i odisclepeil EnPEpt @haathmyﬁpo&mqoél/qlﬁé%rﬁ@h@xayf#@ls-, @pgm,lalla; (a)dhe
described in PCI. Publications 0p71 2942 and . 008/ 01 an . be
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15  third diluent.
[0037] Optionally, the second polyethylene is the same polyethylene as the first
polyethylene and the first diluent is the same as the second diluent; the first and second
layers contain 17.25 wt.% to 22.5 wt.% of the first polyethylene, 70.0 wt.% to 75.0
wt.% of the first diluent and 6.25 wt.% to 9.3 wt.% of the fourth polyethylene; and the
20  third layer contains 13.8 wt.% to 24.9 wt.% of the third polyethylene, 70.0 wt.% to 80.0
wt.% of the third diluent and 3.4 wt.% to 9.3 wt.% of the fourth polyethylene, the third
diluent being the same as the first and second diluents. |
(3) Extrusion
[0038] In an embodiment, the combined polymer and diluent are conducted from an
25  extruder to a die. .
[0039] The extrudate or cooled extrudate (as hereinafter described) should have an
appropriate thickness to produce, after the stretching steps, a final membrane having the
desired thickness. vFor example, the extrudate can have a thickness in the range of

about 0.2 mm to 2 mm, or =0.7 mm to 1.8 mm. Process conditions for accomplishing

30 this extrusion can be the same as those disclosed in PCT Publications W02007/132942



such additives does not exceed 1 w.% based on the weight of the polyneric
solution. The choice of m xing conditions, extrusion conditions, etc. can
be the saw® am/2hwse di scl osed in PCT Publication No. WeR00B200v6a582, f or
exanple. Optionally, (a) the anpbunt of first polyethyl ene conbined with
first diluent is in the range of 25.0l44.%to 30.0 wt.% and the anmount of
first diluent is in the range of 70.0 wt.%to 75 w.% both weight presents
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exanpl e, the extrudate can have a thickness in the range of about 0.2 mmto

2 mm ~or be@séd, nng:t tandin8tiorm Whert éssineerdiis hsaus tof prodace dmgp megthirang, tthe s
extrusion_can be the sane as those disclosed in PCT Publications WO2007/ 1
32942anddpteBrantsremovedpefaseansfter thedhamipgtion-ne direction ("M') is
defi ned gjs Ihelgi rlecti on in which the extrudate is produced fromthe die.
The tranSW&PR 4PPUE i on ("TD') is defined as the direction perpendicul ar

to both (a4and tip@ediRidckiResa1ay&CExtRQate can be exposed to a temperature in the

15 range of 15°C to 45°C to form a cooled extrudate. Cooling rate is not particularly
critical. Fof example, the extrudate can be cooled at a cooling rate of at least about
30°C/minute until the temperature of the extrudate (the cooled temperature) is
approximately equal to the extrudate's gelation temperature (or lower). Process
conditions for cooling can be the same as those disclosed in PCT Publications No. WO

20 2008/016174 and WO 2007/132942, for example. In an embodiment, the cooled
extrudate has a thickness in the range of 1.2 mm to 1.8 mm, or 1.3 mm to 1.7 mm.
Optional Stretching
[0041] If desired, the extrudate or cooled extrudate can be stretched in at least one
direction (e.g., at least one planar direction, such as MD or TD) to produce a stretched

25  extrudate. For example, the extrudate can be stretched simultaneous& in MD and TD
to a magnification factor in the range of 4 to 6 while exposing the extrudate to a
temperature in the range of about 110°C to 120°C, e.g., 114°C to 118°C. In an
embodiment, the stretching temperature is 115°C. Suitable stretching methods arel
described in PCT Publications No. WO 2008/016174 and _WO 2007/13294, for example.

30  While not required, the MD and TD magnifications can be the same. In an



of the extrudate. The extrudate can be produced continuously froma die, or
it can be produced discontinuously as is the case in batch processing for
exanpl e. Wheodah2rwst i ons of TD and MD are the sane i n beCh/Jpziehesasd
continuous processing. Wile the extrudate can be produced by coextrudi ng
(a) the conbined PElI (and optionally PB4) with the first diluent, (b) PE2
(and optionally PE4) with the second diluent, and (c) PE3 (and optionally
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can be the sanme as those disclosed in PCT Publications No. WD 2008/ 016174

and WO 20iphed 32adR¢r) f than ethangeinperakure ato  evhibedd ithe riktruddie is oodpesedexiuringat e has
a thickness in the range of 1.2 nmto mmto 1.7 mm  Optional
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factor in the range of 4 to 6 while exposing the extrudate to a tenperature
i n the rargefafedabastithd 196" "tlengtR @l "we. widilil4Ontan chil@@dinentntherstenthedi ment ,
the stretching tenperature is 115C. Suitable stretching nethods are
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and the gl fyCiifbtenter clips to hold the stretched extrudate along its perimeter. In other
15 words, during the thermal treatment, there is no magnification or demagnification of the
stretched extrudate in MD or TD.
(4) Diluent removal ,
[0042] At least a portion of the diluents are removed (or displaced) from the
stretched extrudate to form the membrane. A displacing (or “washing”) solvent can be
20 used to remove (wash away, or displace) the diluent, as described in PCT Publications
No. WO 2008/016174 and WO 2007/132942, for example. It is not necessary to
remove all diluent from the stretched extrudate, although it can be desirable to do so
since removing diluent increases the porosity of the final membrane.
[0043] In an embodiment, at least a portion of any remaining volatile species, such
25 as washing solvent, can be removed from the membrane at any time after diluent
 removal. Any method capable of removing the washing solvent can be used,
including conventional methods such as heat-drying, wind-drying (moving air), etc.
Process conditions for removing volatile species such as washing soivent can be the
same as those disclosed in PCT Publications No. WO 2008/016174 and WO
30 2007/132942, for example.



tenperature is 115.0C. The magnification factor operates nultiplicatively
on filmsize. For exanple, a filmhaving an initial wwdth (TD) of 2.0 cm
that is swoevohedesn TD to a magnification factor of 4 PolrdrrobheHsve a
final wwdth of 8.0 cm In an enbodi ment, the stretched extrudate undergoes
an optional thermal treatnent before @bl uent renoval. In the thernal
treatnent, the stretched extrudate is exposed to a tenperature that is
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(or displaced) fromthe stretched extrudate to formthe nenbra
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removi ng diluent increases the porosity ‘of the final nmenbrane. [0043] In an
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washi ng solvent, can be renoved fromthe nenbrane at any tine after di | uent
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sol vent ggaePe 'HR stretching rate is preferably 1 %/second or more in TD. The stretching
15  rate is preferably 2 %/second or more, more preferably 3 %/second or more, e.g., in the
range of 2 %/second to 10%/second. Though not particularly critical, the upper limit
of the stretching rate is generally about 50 %/second.
(6) Decreasing the membrane’s width
[0047] The membrane of steps (4) or (5) can be subjected to a controlled reduction
20  in width from the second dry width to a third dry width, the third dry width being in the
range of from a factor of 1.0 times the first dry width to about 1.39 times the first width.
In a preferred embodiment, the third width is in the range of from 1.1 times larger than
the first width to 1.3 times larger than the first dry width. The dry width can be
reduced while the membrane is exposed to a temperature that is higher (warmer) than
25  the temperature to which the dried e;<trudate was exposed in step (6), although this is
not required. In an embodiment, the membrane is exposed to a temperature in the
range of, e.g., in the range of 124.0°C‘ to 130.0°C, or 125.0°C to 129.0°C.
(7) Heat set |
[0048] If desired, the extrudate and/or membrane of can be thermally treated

30  (heat-set), e.g., to stabilize crystals and make uniform lamellas in the membrane. The



same as those disclosed in PCT Publications No. WO 2008/016174 and WO

2007/ 132942, for exanple.(5) Optional stretching of the nmenbrane (dry

ori ent at iwO)20{00Q466F The nmenbrane can be stretched to preduoe2m/sexsst ched
menbrane. At the start of this step, the nmenbrane has an initial size in MD
(a first dry length) and an initial silZe in TD (a first dry width). The
menbrane is stretched in TD fromthe first dry wwdth to a second dry wi dth
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T T
nMenbr ane pligrofyRAS &ffnitRar®, hEITRAY Bk bAducied hieusing, e.g., a heating chamber with a
15  belt conveyer or an air-floating-type heating chamber. The annealing may also be
conducted continuously after the heat-setting with the tenter slackened. The annealing
temperature is preferably in a range from about 126.5°C to 129.0°C. Annealing is
believed to provide the microporous membrane with improved heat shrinkage and
strehgth. |
20 [0050] Optional heated roller, hot solvent, cross linking, hydrophilizing, and coating
treatments can be conducted if desired, e.g., as described in PCT Publication No.

WO02008/016174.

[4] Membrane properties

[0051] In an embodiment, the microporous polyethylene membrane has relatively
25  low shutdown tempé.'rature < 133.0°C and an electrochemical stability characterized by
a self-discharge capacity of < 90.0 mAh under the conditions hereinafter described.
The membrane generally has a thickness ranging from about 3.0 pm to about 2.0 x 10
um, or about 5.0 um to about 50.0 urﬁ, and preferably 15.0 um to about 25.0 um. The
thickness of the microporous membrane can be measured by a contact thickness meter

30 at 1.0 cm longitudinal intervals over the width of 20.0 cm, and then averaged to yield



range of, e.g., in the range of 124.0C to 130.0C, or 125.0C to 129.0C. (7)
Heat set [0048] If desired, the extrudate and/or nenbrane of can be

t her mal | ywoOnresweaef heat -set), e.g., to stabilize crystaPsTanzhowpdsssuni f or m
| anel las in the nmenbrane. Theheat-setting step when used can be conducted
by conventional nethods such as tentet8or roll methods. The heat-setting
can be conducted, e.g., by maintaining the first dry length and the second
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exposed durin e stretc gen y produces a nenbrane
havi ng r%ﬂ:‘r&ﬁﬁ&heTD heat shr| nkage. [0049] Optionally, an annealing treatnent
can be conducted before, during, or after the heat-setting. The annealing

i s a heaf{0052gat rﬁﬂmaddmbm tiee |m@dbmappl ¢agd hoee tdme o cnopoduthenbotiovang, and
may be conduct ed by using, e.g., a heating chanmber with a belt conveyer or
an’ ai r - f CAiRGtRRticype heatl ng chanber. The annealing may al so be conducted
conti nuo bé ter the sg% with the tenter slackened. The

anneal i né Pvd{[ff'g’ e<f y in a range from about 126.5C to 129.0C
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heat shri nkage and strength. [0050] Optional heated roller, hot solvent,

cross | i riermgmethedicaphndlyzir (GMAISS60@R bV aigbler FamnBeiks Insarunhmts;dndha&s ed if
desired, e.g., as described in PCT Publ i cati on No. WX2008/016174. [ 4]
Menbr ane floger ¥ éfsctapxge@{]samﬁ cafif driByKnEI M Hg ci ePbBBﬂEfug“?fSPQF@PﬁyI ene

menbr ane ha%rermeel S%E:fl \{hat Yhe long axis of the sample is aligned with the transverse direction

of the microporous membrane and the short axis is aligned with the machine direction.
15  The sample is set in the thermomechanical analyzer at a chuck distance of 10 mm, i.e.,
the distance from the upper chuck to the lower chuck is 10mm. The lower chuck is ﬁxed
and a load of 19.6 mN applied to the sample at the upper chuck. The chucks and sample
are-enclosed in a tube which can be heated. Starting at 30°C, the temperature inside the
tube is elevated at a rate of 5°C/minute, and sample lengfh change under the 19.6mN
20 load is measured at intervals of 0.5 second and recorded as temperature is increased.
The temperature is increased to 200°C. “Shutdown temperature” is defined as the
temperature of the inflection point observed at approximately the melting point of the
polymer having the lowest melting point among the polymers used to produce the
membrane. In an embodiment, the membrane’s shutdown temperature is < 132.0°C,
25 e.g.”,- in the range of 128.0°C to 132.0°C.
B. A Self-discharge capacity of < 110.0 mAh
[0054] Self-discharge capacity is a property of the membrane that is related to the
membrane's electrochemical stability when the membrane is used as a battery sepaiator
and the battery is exposed to relatively high-temperature storage and use.

30  Self-discharge capacity has the units of ampere hour. Smaller ampere hour values,



| ow shutdown tenperature < 133.0C and an el ectrochem cal stability
characterized by a self-discharge capacity of < 90.0 mAh under the
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15  batteries. Optionally, the separator has a self-discharge capacity < 75.0 mAh, e.g., in
the range of 10.0 mAh to 70.0 mAh, and/or a voltage drop in the range of 0.01 V to 0.25
V,suchas 0.05Vto02V.

[0055] To measure membrane battery voltage drop and/or self-discharge capacity, a
membrane having a length (MD) of 7Omﬁ1 and a width (TD) of 60mm is located

20  between and anode and cathode having the same planar dimensions as the membrane.
The anode is made of natural graphite and the cathode is .made of LiCoO,. An
electrolyte is prepared dissolving LiPFg into mixture of ethylene carbonate (EC) and
methylethyl carbonate (EMC) (4/6, V/V) as 1 M solution. The electrolyte is
impregnated into the membrane in the region between the anode and the cathode to

25  complete the battery.

[0056] The battery is charged to a voltage of 4.2V at a temperature of 23°C. The
battery is then exposed to a temperature of 60°C for 24 hours, and the battery voltage is
then fneasured. The battery’s voltage drop is defined as the diffefence between 4.2V
and the battery voltage measured after storage.

30 [0057) The battery’s self-discharge capacity is measured as follows using an



pol ymer having the |lowest nelting point anong the polyners used to produce
the nmenbrane. In an enbodi nent, the nenbrane's shutdown tenperature is <
132. 0C, ewg@.2010/027668e range of 128.00C to 132. 0C. B. A SeCfTAudr®ebhessie
capacity of < 110.0 mAh [0054] Self-discharge capacity is a property of the
menbrane that is related to the nenbr2@e' s el ectrochemical stability when
the nmenbrane is used as a battery separator and the battery is exposed to
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generally desired, particularly in high-power, high-capacity batteries such
as thoseamsed 18 dnrgzﬁc/m? amba tlersity of drfppleim @f elqmlp'ntnna alumbumeubstatg hhmes

power tools, power electric vehicles and hybrid electric vehicles.
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also related to the battery separator's el ectrochemcal stability
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useful in battieries capable of supplying > 1.0 .g., 2.0Ah to 3. 6Ah,
I . e., higltsdplydi daybdmatet @6,6€/V)Qot fommazh llyM sdletmepafflwt cell fsaproduced by
sel f-di scharge capacity < 75.0 mAh,- in the range of 10.0 mAh to 70. 0

mah, andptaekiag thslanade sepaspor. gnd ﬁ@h?% wen firsand secgndalpminizedsplmgs 0. 05 v

Sel - di S UNEPgUe ADTHPED: OhTECHEY B BT h etk ety bty CoFT0R e
Wi dt h (TBLnf?ﬁmﬁodpnhbsselc&&‘@fsﬁ&t hRine s caidcaiatieninshoas), Naffednaiihdgnd he same

pl anar di nensions as the nenbrane.
15  separator with the electrolyte and then hermetically sealmg (by heating) the first and

second aluminized polymer sheets along the cell's perimeter. Leads connected to the
first and second aluminized polymer sheets provide for, e.g., charging and discharging
the cell. The cell is then tested to confirm that it is functioning properly by the
following charge—discharge. process. The cell is located between silicon rubber sheets

20 and charged to a voltage of 4.2V at a substantially constant current of 10 mA while
exposed to a temperature of 23°C. The cell is then discharged to voltage reaching
3.0V at a substantially constant current of 6.0 mA while measuring the integrated
current supplied by the cell. Functioning cells exhibit an integrated current > 23 mAh.
Functioning cells are used to determine the battery's self-discharge capacity, and the

25 non-functioning cells can be discarded. The battery's self-discharge capacity is
measured by subjecting a functioning cell to trickle charging at a substantially constant
current of 16 mA while exposing the cell to a temperature of 60°C. The self-discharge
capacity is equal to the total current supplied to the battery integrated over a 120 hour
test period, and is expressed in units of Ampere-hours.

30 C. Air permeability < 15 seconds/100 cm’ (normalized to a 1.0 pm membrane



The anode is made of natural graphite and the cathode is made of Li CoQ2. An
electrolyte is prepared dissolving LiPF6 into m xture of ethylene carbonate
(EC) and wethilerdsgl carbonate (EMC) (4/6, VIV) as 1 M ®orurrionnesFhie

el ectrolyte is inpregnated into the nenbrane in the regi on between the
anode and the cathode to conplete theZbattery. [0056] The battery is
charged to a voltage of 4.2V at a tenperature of 23C. The battery is then
exposed ttfﬁcﬂlaés erature of 60C for 24 hours, and the battery voltage is

t hen nmeasured. ‘The battery's voltage drop is defined as the difference

bet ween 40(3¢] andThd ehebibiriRrsy ai¥ Pehiagbiligacdiccts abrlizéd @ agevalh®d6r hn The
battery's self-discharge capacity is neasured as foll ows using
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el ectrolyte. The cathode is a 40 nmm x 40 nm sheet  conprising an LoCoO2
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140 mm PREBiUY of 3rmsmabraps Bavipg ay Feanthirkapssal & 1p ot ™Rl i ng t he

cell. Th | ectrol yte | I L SSO)vi i[RFEyjnto a m xture of
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cat hode between first and second al um ni zed pol yner sheets (the al um num of
the firssewhégtObeifygni or solfkGstconisy/ )G tra’/pat, learleinahd rofpe of fiomrutntof t he
second sheet being in contact with the anode), .inpregnating the separator

with thelelegeeopisiH@ candimnenVher nibe dinl peymsahilitynds (mgrengini aboutt 5@ fir st
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that it is functioning properly by the
15  elevated. .

D. Pin puncture strength > 235 mN/pm

[0060] Pin puncture strength is defined as the maximum load measured (in

milliNewtons or “mN”) when a microporous membrane having a thickness of T, is

pricked wifh a needle of 1 mm in diameter with a spherical end surface (radius R of
20 curvature: 0.5 mm) at a speed of 2 mm/second. The pin puncture strength is

normalized to a value at a membrane thickness of 1.0 um using the equation L, =

(L1)/Ty, where L; is the measured pin puncture strength, L, is the normalized pin

puncture strength, and T} is the average thickness of the membrane.

[0061] In an embodiment, the membrane has a normalized pin puncture strength >
25 245 mN/pum, or > 265 mN/pum, or > 275 mN/um, e.g., in the range of 245 mN/pm to 3.0

x 10> mN/pm. |

E. Porosity in the range of about 25% to about 80%

[0062] The membrane's porosity is measured con\-/entionally by comparing the

membrane's actual weight to the weight of an equivalent non-porous membrane of

30 100% polymer (equivalent in the sense of having the same polymer length, width, and



foll owi ng charge-di scharge process. The cell is | ocated between silicon
rubber sheets and charged to a voltage of 4.2V at a substantially constant
current oWO201ma70ekhi | e exposed to a tenperature of 23C. PThAP®H/H6SSL t hen

di scharged to voltage reaching 3.0V at a substantially constant current of
6.0 mA while neasuring the integrated22urrent supplied by the cell.
Functioning cells exhibit an integrated current > 23 mAh. Functioning cells

are used ﬁiam%g‘%,er oRickS B8h | Ridminde Wlingl! BENREAGILC RAGLY 9% Wbl

non-func{lonln ce I scar ry"s self-di scharge
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at a substantially constant current of 16 mA while exposing the cell to a

t enper at i the ofeigd Gf al hguisakiit-rdinspiteusgeembpac iof Y00% podyradr hagingithe saneal
current supplied to the battery integrated over a 120 hour test period, and
is expresigednf fhigkpess: ofn ApnsertedHBets theanemprang dagepagesityt i te 1808 ebnds/ 100
cnB (pornali tQ.a @, mm nmenbr anet hi ckness) [0058] The nenbrane's air
per neabi gﬁcwé\ﬁ/%tﬁeab?%tlsr%/(r"nal ized to the value for an equival ent nenbrane

havi ng apf MefdbhGkmperatafe 1145aon The nmenbrane’'s air perneability value is
thus expressed in units of "seconds/ 100 cprVl.Omi'. Nornalized air

per meabi [0063] i s Mehdawre dteanpemtatendgs t meakufedPailyl the afidlovheg r pouéduse:arfe
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m croporous nenbrane is < 15 séeconds/ 100 cnvVmm or < 10.0 seconds/ 100

cpr Vnm eiitd). thei matHiee rdimeggorof Theomarbpl® ik csef Gn Gthe ahemdsietBnicalVarmalyzZéhen t he

air perneabi li t%@bs nore than about 20 seconds/ 100 cnB/mm it is nore
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fixed and a load of 19.6 mN applied to the sample at the upper chuck. The chucks and

15 sample are enclosed in a tube which can be heated. Starting at 30°C, the temperature
inside the tube is elevated ét a rate of 5°C/minute, and sample length change under the
19.6mN load is measured at intervals of 0.5 second and recorded as temperature is
increased. The temperature is increased to 200°C. The meltdown temperature of the
sample is defined as the temperature at which the sample breaks, generally at a

20  temperature in the range of about 145°C to about 200°C.
[0064] In an embodiment, the meltdown temperature is > 148°C, e.g., in the range
of from 148°C to 151°C.
G. MD heat shrinkage ratio at 105°C < 5.5%; TD heat shrinkage ratio at 105°C <
4.0%

25 [0065] The shrinkage ratio of the microporous membrane in orthogonal plaﬁér
directions (e.g., TD and MD) at 105°C is measured as follows: (i) Measure the size of
a test piece of the microporous membrane at ambient temperature in both MD and TD,
(i1) equilibrate the. test piece of the miéroporous membrane at a temperature of 105°C

for 8 hours with nb applied load, and then (iii) measure the size of the membrane in

30  both MD and TD. The heat (or “thermal”) shrinkage ratio in either MD or TD can be



[0060] Pin puncture strength is defined as the maxi mum | oad neasured (in
mlliNewtons or "mN') when a m croporous nenbrane having a thickness of Ti

i s prickesowntan2aoeneedl e of 1 mMmin dianmeter with a sphecirgatoognesssur f ace
(radius R of curvature: 0.5 mMm) at a speed of 2 mm second. The pin puncture
strength is normalized to a value at 23nenbrane thickness of 1.0 nmm using
the equation L = (Li)/Ti, where Li is the neasured pin puncture strength,

L2 is the_nor [ o] tR, [ i ckness
of the nohBnsacy FBHiR My AU EREERA Dy ARE el el B ERAGT b 2005
puncturee réﬁg%;the TesdRmgoi®At a9k percd®® MV mnm or > 275 nN'mm e.g., in the
range of 245 mmto 3.0 x 102 mm E. Porosity in the range of about
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by conparing the nenbrane's actual weight to the weight of an ui val ent
non- por ofionginbPXike 18fthe gangeef | ip t(’egﬁ%v/ér?eﬂ?‘oio/h te H‘e(goé‘eﬁhdgaofﬂhléﬁﬁ ng the
sane pol yner | ength I.dt.h pdt hi ckness). P ity 1s,then d . ned
using th fufge %sol\rlags¢t%/3 A)/"g ©Ho!t E\Xéng/ﬁ %%A’ t)v(\)/héegé’l N %\/ﬂu’?tl?)g}qt(ﬂe
actual weigght of the m croporous nenbrane and "w2" is the weight of an

equi val ent non-porous nenbrane of 100% pol yner having the sanme size and

t hi cknes§5] Battexp enbodi nent, the nenbrane has porosity in the range of
about 30%to about 50% F. Meltdown tenperature > 145C [0063] Mel t down

t enper at (1067] s rEhesmiceepasgustRembignesod; thg iInyepeiuae dsefil shaftangisPatosanpl e of
] .1 ong

axi's of  theEo A i et ThRE B PtRvertul BRISEHS R, O big
m cr gpor PE?}?HBH@&%@V@?OM/M@I?W oduceq in the pr OQess and the short axis is
aligned with the machine direction. The sanple is set in the
t her mone{00s8] cal Thenbdhtyereris (Al SE660fbvesr asduadel 6orf oxmemoBeante tlestricalment s,
Inc.) at a chuck distance of 10 mm i.e., the distance fromthe upper chuck
to the | elfefronieueimponen. nmeuchh OMBoRaNt: ARAG Papsi Ve FOHMPNENTE oB¥hofS 19. 6 N
appl i ed }e%isgoqg, cggggftlo?s, ?rgdutc o?s,liI l?c{ingc,hel.JgC.,k t'ran-I; oerm(fzpsl;J %i(e%trgr?lgtive devices such

as electric motors and électric generators, and electronic devices such as diodes,
15  transistors, and integrated circuits. The components can be connected to the battery in

series and/or parallel electrical circuits to form a battery system. The circuits can be

connected to the battery directly or indirectly. For example, electrical energy produced

by the battery can be converted electrochemically (e.g., by a second battery or fuel cell)

and/or electromechanically (e.g., by an electric motor operating an electric generator)
20  before the electrical energy is dissipated or stored in a one or more of the components.

The battery system can be used as a power source for powering relatively high power

devices such as electric motors for driving power tools and electric or hybrid electric _

vehicles.

[6] Examples
25 [0069] The present invention will be explained in more detai.l.‘ referring to the

following non-limiting examples.

Example 1

(1 ) Preparation of skin iayer polyethylene solution

[0070] The skin layers are produced from a polyethylene mixture comprising (a)

30 70.0 wt.% of PE1 having an Mw of 5.6 x 10° and an amount of terminal unsaturation <



sanple are enclosed in a tube which can be heated. Starting at 30C, the
tenperature inside the tube is elevated at a rate of 5C/ m nute, and sanple
| engt h chwiogeiumdes t he 19. 6N | oad i s neasured at i ntePcalIB2009/06555 second
and recorded as tenperature is increased. The tenperature is increased to
200C. The neltdown tenperature of the24anple is defined as the tenperature
at which the sanple breaks, generally at a tenperature in the range of

about 14 t ' ' I t
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ratio at M@WSO&E 515. PRE pdilthgehe Ftht RliRGE: Kald Melthg POBOET BFAC0% [ 0065] The

shrinkage ratio of the m croporous nenbrane in orthogonal planar directions
(e.g., TPEAY MIheapolydst scdutmrasisedkdo guodwdel thes skifi aydsasupeepated by ze of a

test piece of the nicroparous menbrane at anpient tenperatst in both MD
and TD, (J?IP?‘%?WB’Y"aﬁ’é’ftth%l’f’]é@ihy}ﬁnéé’é‘xweEﬁ':ez i Wwﬁfﬁ@@&ﬁa at a

t enper at yr. ¢, of >C far, [ ] pRliec h
mea_su%e '?ﬁe% so!fz%q_chg(f? aéﬁ ‘%E@%&ﬁé‘%&’%ﬂ?‘h%nﬁ“&%}l%ﬁ’% ﬁg[}_ﬁ%%’[ ﬁ{éowelg’th%ner mal ")
shri nkaggercaits Being Wistd18h thdtdil Welghesr heqllahareshlidiontiised db oduee thesul t  of
measurenent (i) by the result of neasurenent (ii) and expressing the

r esul ti ngkigumtersentThapobymerand diluerjt @&6G&Imbinedaat actaimpeiatreadf 2107€. m cr opor ous

menbrane has an MD heat shrinkage ratio at 105C, in the range of 1.0%to -
5.0% e. &) Prepaygsionoihesprgdaves poyewlane soutiakage ratio at 105C < 3.5%

eodsry I L2085 R B PR o Bl UL,
P48 Ll )71 R PEIABS M.t SR B g e
battery ussaugetiad > 820aepdMO00 sa}gom etofmsrandils) 31.0%uf @ Edl ke ing anaViwadf 2.0
OOt ON G 08 O an MWD of 5 whidh 1 prépared by dry-biendig: ° The polyeiyient in the o =
mixture has a melting point of 135°C. The polymer solution used to produce the core
layer is prepared by combining 25 wt.% of the core layer polyethylene mixture and 75
15  wt.% of liquid paraffin (50 cst at 40°C) in a strong-blending extruder, the weight
percents being based on the total weight of the polymer solution used to produce the
core layer. The polymer and diluent are combined at a temperature of 210°C.
(3) Production of membrane
[0073] The polymer solutions are supplied from their respective double-screw
20  extruders to a three-layer-extruding T-die, and extruded therefrom to form an extrudate
at a layer thickness ratio of 42.5/15/42.5 (skin/core/skin). The extrudate is cooled
while passing through cooling rollers controlled at 20°C, to form a three-layer extrudate
(in the form of a gel-like sheet), which is simultaneously biaxially stretched at 115°C to
a magnification of 5 fold in both MD and TD by a tenter-stretching machine. The
25  stretched extrudate is then immersed in a bath of metilylene chloride at 25°C to remove
the liquid paraffin to an amount of 1 wt.% or less based on the weight of liquid paraffin
present in the polyolefin solution, and then dried by flowing air at room temperature.
The dried extrudate is stretched (dry orientation) to a magnification éf 1.3 fold in TD

while exposed to a temperature of 126.7°C and sequentially contracted to a

30  magnification of 1.2 fold in TD while exposed to a temperature of 126.7°C. Following
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LThe present invention wll

be ex Iakpedihgigg e i iﬂsrefeyring to the follow ng non-limting
exanp esrigy%npﬁe—EL%&ijgreparat|on of skin |layer polyethylene solution
[0070] T'['Gm%ﬂ“ N k20818 138 RpAtediskRpt 4 dRRBinPRbMet hyl ene m xture conpri sing
(a) 70.0 wt.% of PElI" having an Mv of 5.6 x 105 and an anount of term na
unsaturation <0.20 per 10,000 carbon diabtesl and (b) 30% of PE4 having an Mw
of 2.0 x 06 and—an MAD of 154 Te pat yerhgheng 1@, thE TR ¥ture Hgs '
mel ting el C—{00f1j The[pot ymer sofut{on used to prjoduce the skin
| ayers iispprepared by conmbj nigngs 28.5 .\ - %@ ¢t he spoloyel byl gene g xfur € (PE2
is the sanme asyikl ) and 710 5 . %] of 44 i qui dspar af f4,n (B0 ,4,6st fat 4400C) in a
st rong--bl endi ngwext ruder,  hewei ght sper ¢entos bei ng basedoon |t hept ot al
wei ght of pdshempol ymer sol uf izoricusedokar pedume { hexski n2bayer|s2odie pol yner
and dil uent arewmonbi ned at a.it enperat ur¢ ofi1 210Cs1(2) | Prseparjatison of the
core | ayer polyetdayl ene so| utioon [[0072] A core-|ayer pplywer {solation is
pr oduced fComonfira %pohaget hyl ene 28 xt ur esconmpr i2sf ng| (&85 70 0 26¥ . % of28.PE3| havi ng
an Mwv of C¥#ePlysyih@5 and an pnount of termnal
PE3  Mw 75x10° 75x10° 7.5x10° 75x10° 7.5x 10° 75x10°
MWD 11.8 11.8 11.8 11.8 11.8 11.8
% by mass 70 70 70 82 - 82 82
PE4  Mw 20x10° 20x10° 20x10° 20x10° 20x10° 20x10°
MWD 5.1 5.1 5.1 5.1 5.1 5.1
% by mass 30 30 30 18 18 18
Conc. of PO Comp. % by mass 25 25 25 30 30 30
Total membrane composition
Layer structure MKIDAT) M/an/Iy M/ADAT) M/ADAT) M/ADAD W)
Resin amount ratio 42.5/15/42.5 45/10/45 40/20/40 47.5/5/41.5 40/20/40 34.5/31/34.5
PE1 % by mass 59 63 56 66 56 48.2
PE3 % by mass 11 7 14 4 16 25.5
PE4 % by mass 30 30 30 30 28 26.3
Stretching of Gel-Like sheet
Temperature (°C) 115 115 115 115 115 115.0
Magnification (MD x TD) 5x5 5x5 5x5 Sx5 S5x5 5x5
Stretching of dried membrane ’
Temperature(°C) 126.7 127.0 126.5 127.0 127.0 124.7
Magnification (TD) 13->1.2 1.3->1.2 1.3->1.2 13->1.2 13->1.2 13->1.1
Heat setting treatment
Temperature(°C) 126.7 127.0 126.5 127.0 127.0 124.7
Time (sec) 26 26 26 26 26 26
Average thickness (um) 20 20 20 20 20 20
Air Permeability (sec/100cm’/um) 13.5 13.5 13.5 14.0 13.5 12.0
Porosity % 43 43 44 43 4 44
Tensile strength MD/TD (kg/cm?) 1500 /1600 1500 /1600 | 1500/1600 | 1550 /1600 1500/1550 1400 /1300
Puncture Strength (mN/pm) 261 263 274 256 245 235
Heat shrinkage MD/TD (%) 45/4.0 45735 45/4.0 45/3.5 40/3.0 50/1.5
Shutdown Temp. °C 131.6 131.1 131.4 1313 131.0 131.3
Meltdown Temp. °C 149.6 149.4 149.9 149.5 149.6 150.1
Self-discharge capacity (mAh) 57 86 76 74 71 59




unsaturati on >

0. 20 per

10, 000 carbon atonms and (b) 30.0% of PE4 having an

Mv of 2.0 x 106 and an MAD of 5, which is prepared by dry-blending. The
pol yet hylwoeoion2tdseé m xture has a nelting point of 135CPCThe2009h6esTEr
solution used to produce the core |ayer is prepared by conbining 25 w. % of

the core layer polyethylene mxture adf 75 wt. % of

liquid paraffin (50 cst

at 40C) in a strong-blending extruder, the wei ght percents bei ng based on
the total weight of the pol yner | ytion. to produce the core |ayer.
The pol yner and _diluent are congi%r)llgg %‘?‘néﬂfep perature _of 210C

(S)

Production of n
respective doul
extruded t her ef
42.5/ 15/ 42.5 (9
t hr ough cool i ng
(in the form of
stretched at 1]
tenter-stretchi

bat h of nethyl et

anount of 1 wt.
t he pol yol efin
The dried extry
1.3 fold in TD
contracted to 4§
t enperature of
by a tenter-tyj
seconds to prog
Exanple 1 is rd
[ 0075] Exanpl e
Exanples 1 to §
t enper ature anc

[0076]

shutdown

paraffin diluent.

15 o] Canipalfrs? ar CompyBid j ed fromtheir
p[Skin Babyetbxlgnetht r uder s tlo a threerlayer-exgruding [T-die, and
ronfEloM¥rm an extrudate at a| | ayerot h| cRAEYE fatio of
ki n/ cor¥8Bkin). The |extrudate|is “cool e while jpassing
) rol | er’™dWiitrol I ed [at 20C, tp foPma thrée-layer extrudate

a I%y’ e sheet), mhich is siﬁﬁﬂpaneoﬁgxyobiaxially
15C to g, jragni ficatign of 5 fol d iy both and TD by a
”ngﬁﬁﬁbﬁémllﬁﬁmsﬁf?tCheﬂ'eXtrPd £ |§Ith§9 Lgnersed ina
Gre Pablemiilg € at 2oC torenpve e trqurpparalTin to an _
@60ﬁ3¥e based on tihe wgight| of liquid pagabfin present in
sol uti qpypand then driegzby fil ow ng aifr afgroom tenperature.
idat e | s, gtd.et ched (dry @pientjation) toja gagnification of
whi pi|g@ epposed to a tlenperaurie of . 126. 7Cranee siequential |y
n magni fareati on of 1.2 fehd inf TD whil el exposed to a
126. 7C.% byadaksow ngstriet cheng, the dried| membrane i s heat-set
e @BRCHTPO Eonphicbemaaxposed 300 a fenperature of 126.7C for 26
| @@ mamtirdn¢ @@pdsiggper i cr opor ous| menbr ane} Exanples 2-6 [ 0074]
paateetuvaaxecept as notled i Tabl e 1M Conpabéav/ilvel Exanpl es 1-3
1 Resn ameperatioed except| as noted| i n Fabl e| 3B:53¥3 e 1[ 0076]
y Jhbw t hat ffiemespor qus nnbr apnes HWavi ng d&irabl e shut down
| dEéct rocheibars st gbi | i ¥y (sgl f-di scharg¥%apacity) with
PE4 % by mass 18 30 26.1
Stretching of Gel-Like sheet
Temperature (°C) 114.4 114.0 114.0
Magnification (MD x TD) 5x5 5x5 5x5
Stretching of dried membrane
Temperature(°C) 124.7 128.0 125.0
Magnification (TD) 1.0 1.2 1.3->1.2
Heat setting treatment
Temperature(°C) 127.5 128.0 125.0
Time (sec) 10 26 26
Average thickness (um) 20 20 20
Air Permeability (sec/100cm’/um) 27.0 12.0 12.0
Porosity % 36 45 43
Tensile strength MD/TD (kg/cm?) 1500 /1250 1500 /1450 | 1200 /1300
Puncture Strength (mN/pm) 235 260 212
Heat shrinkage MD/TD (%) 55/4.5 4.5/6.0 4.0/3.5
Shutdown Temp. °C 128.9 133.8 131.6
Meltdown Temp. °C 148.3 150.1 149.0
Self-discharge capacity (mAh) 145 54 230

Examples 1 to 6 show -that microporous membranes having desirable

temperatﬁre and electrochemical stability (self-discharge capacity) with
desirable thermal and mechanical properties can be produced from polyolefin and liquid

Table 1 shows that the membranes of the invention have both low

" shutdown temperature < 133.0°C, a TD heat shrinkage < 4.0%, and a self-discharge



desirabl e thermal and nechani cal properties can be produced from polyolefin
and liquid paraffin diluent. Table 1 shows that the nenbranes of the

i nvent i orwbavw/daish | ow shut down tenperature < 133. 0C, &CTDPhwavesshir i nkage
< 4.0% and a self-dischargecapacity < 110.0 ni Ah. This inprovenent is

achi eved without significantly degrad2hg other inportant nenbrane
properties such as tensile strength, pin puncture strength, perneability,
heat shrinkage l,t down. t e rat ure r of ative
exanpl es RS ﬁgi\rll\ﬁ 'qrerrrlmt‘l’ab@lsllfn rge%éﬁe%einﬁ %oancy]eg/re %@ﬁgsgrﬁ%&%@pﬁ%ﬁ%ﬁs ut down
t enper at YRy iMpiest rakthbrafit Pedfepiedichak tShsiRl dulehyth, Pin PoskeSer a2hgthTD heat
shrinkage. It 1s believed that the nultilayer structure | eads to better
control eérmmeabidityg niecat hebrinkiges tiadi theltdowne temperdtbren e athes mndénmicaggs) of vheé ch i s
significantly degraded in the nonol ayer film of conparabl e Exanple 2. CLAI M5
1. A ni cPoppiaie ssapPlEheat SAPWR sindapo | ly oiditih ong Ry mws i wnderiativoun

tenperature.< 133. 0C and a self:discharge.capacity < 110 0 ..Jhe

i o obor Stentdsrapea GRS Pgiirapic REPRTHER G RRRUY e A0 sitaf TR heat

tenper at Whfiase < k3% BGievdd thAC HE SAPMATQUSrITRITET RA® @6 Hekt Modtrdl of
wherein the nbrane's sel f-discharge capacity is < 75.0 mAh. 4. The

M cr opor ai¢mbi@eEthanal shbidity (cof., TDdicarshtinBagepheliieh iis difye finmnlyrdegeadedsn a TD
heat shrinkage at 105C < 4.0% 5. The m croporous nmenbrane of any of clains
1- 4, whethsimondhyeréili ofsempargblg Bxampldss > 18.0 mm a normal i zed pin
puncture strength greater than or equal to 235 nN per mcron and a

normal i zed air perneability < 15 seconds/ 100 cnB/ mcron. 6. The m croporous
menbrane of any of clainms 1-5, wherein the nmenbrane has an MD heat
shrinkage at 105C mm < 5.5% a porosity in the range of about 40%to about
50% an MD tensile strength > 1400 Kg/cnB, a TD tensile strength > 1350
Kg/cnB, and a neltdown tenperature > 145C. 7. The nenbrane of any of clains
1-6, wherein the nmenbrane is a nultilayer



menbrane conprising: a first layer conprising a first polyethyl ene having
an Mv < 1.0 x 106 and an anount of term nal unsaturation < 0.20 per 10,000
car bon atwoeplm2s@sond | ayer conprising a second pol yet rgrarzopvassssig an Mv
< 1.0 x 106 and an anopunt of term nal unsaturation < 0.20 per 10,000 carbon
atonms, and a third |ayer |ocated betwegn the first and second | ayers, the
third layer conprising a third pol yethylene having an Mv below 1.0 x 106
and an anmount of term nal unsaturatéﬁgil_gso. 20 per 10,000 carbon atons; the
total anmount of polyethylene in th f1 ayer m croporous menbrane having

term nal junsatungtiPBrons OméfhbPak %&Q@I\}\%aﬁd}ﬁﬂeﬁﬁ,oﬁﬁd andirgn aMituiddw® X 106
being in the range of 4.0 wt.%to 35.0 . %  based on the total weight of

t he nmul til ayertempezatofeas ORG0TC M) asdf-Gischbhee caphdity 2y £0.0 mAl.opor ous nmenbr ane
of claim?7, wherein nultilayer m croporous nenbrane is a three-|layer

menbr ane2- and ThRarEreporons membrangnef sleink Whergkt Hip BISEDRFS siHRdAMRe

wei ght average nol ecul.ar ight and the sanme anount of term nal

unsat ur at i on,(ta r%rléisr}\%gtog{aeast one layer further conprises a fourth

pol yet hykene hgyi RScrapfortyhé “ndmBrafie 106 -cldlm TherM! tihdr@%e theMnsdrRRanOY'S
menbrane of claim7, wherein the third layer has a thickness in the range

of from about sdf-Qfcharg@bapatitys.09%.0mAlhe total thickness of the nulti-Ilayer

m croporous nenbrane. 10. A battery separator filmconprising the
i cropor dus makbmEEPEfous membrarceli #ny of daims 13, wiersinhempembrpee has a

m < 0por oS T A0S, et 8 il gLy L amount of termnall
o 98, 2507 i IR o) I TS Gl o 1
25 wt . % basedtlfiekdebe> t18i0akmyeheialioéd pidepuiiutuid streigd grehter thanoeegualesrbr ane.
235 mN per micron and a normalized air permeability < 15 seconds/100
cm’/micron.
6. The microporous membrane of any of claims 1-5, wherein the membrane has an
15 MD heat shrinkage at 105°C um < 5.5%, a porosity in the range of about 40% to
about 50%, an MD tensile strength > 1400 Kg/em?®, a TD tensile strength > 1350
Kg/em®, and a meltdown temperature > 145°C.
7. The membrane of any of claims 1-6, wherein the membrane is a multilayer
membrane comprising:
20 a first layer comprising a first polyethylene having an Mw < 1.0 x 10° and
an amount of terminal unsaturation < 0.20 per 10,000 carbon atoms,
a second layer comprising a second polyethylene having an Mw < 1.0 x 10°
and an amount of terminal unsaturation < 0.20 per 10,000 carbon atoms, and
a third layer located between the first and second layers, the third layer
25 ~ comprising a third polyethylene having an Mw below 1.0 x 10° and an amount
of terminal unsaturation > 0.20 per 10,000 carbon atoms; the total amount of
polyethylene in the multilayer microporous membrane having terminal
unsaturation > 0.20 per 10,000 carbon atoms and an Mw < 1.0 x 10 being in the

range of 4.0 wt.% to 35.0 wt.%, based on the total weight of the multilayer

30 microporous membrane.



13. A method for producing a m croporous nmenbrane, conprising, (1) (a)
conbining at least a first polyethylene and a first diluent, the first

pol yet hylwoeotwzersg an Mv < 1.0 x 106 and an anmpunt of PETAPLIAP/065551
unsaturation < 0.20 per 10,000 carbon atons and (b) conmbining at |east a
second pol yethyl ene and a second dil u29t, the second pol yet hyl ene having an

Mv |.0O x 106 and an anmount of term nal unsaturation < 0.20 per 10,000
carbon at,ons; {2) combi nin t | eas thir t hyl j.rd
i 1 uent - %ne 101 ERRBRY: A5 BiatdiE il gheP R, o BREAM mBAdEE T

term nal unsatMERbbRRs IndnH@nd e a kRrc0Q8 et 3h&RPrané, 0d wheeid HeMiRkg ahd oM t he
conbi ned pol yet hyl enes and diluents to produce a nulti-|layer extrudate

havi ng a fi r skedoayaoltintlaienhavg thhesafiers¢igitoaveeageyineleeylan vetght radd| thy er

cont ai ning the second EOl yethylene, and a third | ayer |ocated between the
first and sec&¥Be [2BPERE OF HHMANA)| URSATHIREORN I WhETeik ehiRaghene (et SiTHef he
extrudate contai ns polyethylen aving a_t 1 saturation > 0.20 per
10, 00dcar bon ﬁf"aﬁﬂsq%r‘i‘ féﬂ“%ﬁ%‘ﬁﬁ&‘y(éﬁebﬁ‘gnggﬂ ‘Lngfnlagxg%vw .%to 35.0 wt.% based
on the total wekghhidyeptli%ehsous ARnitRardet itk 1 datieoin Mtthird)layef WBYA NG at

| east a portion of the first; second, and third diluents from'he

mul ti-layer exhickitad i the raigedifdeonh abouren@fhanaboitLS. ettt toted thickmdsai m 13,
further conprising stretching the extrudate before step (4) and renoving at

| east a port i @hthefmatylayesmieroperoyis aaneyane: om t he nenbrane during or after
step (4).,15. . The nmethod of claim 12 or 13 wherein (a) the amount of first
pol yet hyl'&ne @oﬂ’ﬁftﬁréd Sﬁ\ﬁ’atrﬂofitlhﬂ WO i?flge i HART? n)é%englfra%ebooﬁ .0 to
30. 0 |yt . % and Pé%@diﬂggié%. of first diluent is in the range of 70.0 to 75.0
w.% both vveipg t rcents being based on the conbined first polyethyl ene
and firsti1di | qastmukinidydrbmidrbporan®d widmtoand bf rethimo7y edhieydie ke @momonned with
third diluent is in the range

terminal unsaturation of the ﬁfst and second polyethylene is < 0.14 per 10,000
carbon atoms.
12.  The multi-layer microporous membrane of claim 8, wherein the total amount of
15 the third polyethylene is in the range of 5.0 wt.% to 25 wt.% based on the total
weight of the multi-layer microporous membrane. |
13. A method for producing a microporous membrane, comprising,
(1) (a) combining at least a first polyethylene and a first diluent, the first
polyethylene having an Mw < 1.0 x 10° and an amount of terminal unsaturation <
20 0.20 per 10,000 carbon atoms and (b) combining at least a second polyethylene
and a second diluent, the second polyethylene having an Mw < 1.0 x 10°and an
amount of terminal unsaturation < 0.20 per 10,000 carbon atoms;
(2) combining at least a third polyethylené and a third diluent, the third
polyethylene having an Mw < 1.0 x 10% and an amount of terminal unsaturation >
25 0.20 per 10,000 carbon atoms;
(3) forming from the combined polyethylenes and diluents to produce a
multi-layer extrudate having a first layer containing the first polyethylene, a
second layer containing the second polyéthylene, and a third layer located
between the first and second layers containing the third polyethylene, wherein the

30 extrudate contains polyethylene having a terminal unsaturation > 0.20 per 10,000



of about 20 .0 to 30.0 wt.% and the amount of third diluent is in the range
of 70.0 to 80.0 w.% both weight percents being based on the conbi ned
third polwyethywemssand third diluent. 16. The net hod of pamyPuf9/eéa51E
12-14, further conprising conbining a fourth pol yethyl ene having a

mol ecul ar weight > 1.0 x 106 with at B@ast one of the first, second, or
third pol yethyl enes. 17. The nethod of any of clains 12-15, wherein the

second pol yet Il Enso s il B sRTRL ROLSHM @PaaR 16 510 StoPplyaihene and

the first dil9 ond di t'he st and Ssecond

Iayers cont a'tBtaNe%ﬁtéPp@?etﬁyl%e ¥p1RE exthlald; asd D0| yethylene, 70.0 to 75.0
.% of the first |uent” and 6.25 to 9.3 wt.%of the fourth pol yet hyl ene;

and t he third4) ayanodaghaieast dBorfioh @f 24k Arsitsc@omslf abdéhitchditubnpofrgmtthy| ene,
70 to 80 wt.%of the third diluent and 3.4 to 9.3 w.%of the fourth
pol yet hyl ene mﬂlﬁelaﬁiiei‘a'u@ﬁt?dethgnteﬁ@r%f}fne as the first and second

di luepts.  18. .The h d of an aine. 12- ther [ cool i ng
the mil tl]flaye];h@x'fl?tgeitog a8P|1§m%‘H§‘e§t°8B‘PF§‘}‘g S%tcmﬁg% %? tlo Rg? cl ai ns
12-17, furthep) GOIPEhSRY af Iera@tt £ BbADnt dFeanFEvili@e %péd?esafroﬂne@ié tm&ﬁ@rane :
direction. 20.” The method of cl aim 18, whérein the nenbrane stretching is
conduct ed whidweingloe afiemdea@e i s exposed to a tenperature in the range of
90C to 135C. 21. A nulti-layer menbrane nade by the method of any of clains
12-19. 225. A Efaemﬂgpdcquﬂwmsh%fg I3nwhetsée, a cathode, and at |east one

oS yer “cESHe SRRURER A e BB SRR rE ARG A BASERALALRE HRLRE' 20
arou of ter Hb&ﬁ'zslﬂ‘n%asfdc}f at. "(é)ﬁ%d;thlg afRuRESF i &ﬂﬁmﬁnﬁ‘% . AhEBI 760 g@cond
yer conprising a second polyethylene having an and an

anmount of ter gb0akt. WNBeth Wichglit percen. b2thgpesed On Gondilainfiat potgethglede a t hi rd
| ayer | ocated between
and first diluent;
and
(b) the amount of third polyethylene combined with third diluent is in the range
15 of about 20 .0 to 30.0 wt.% and the amount of third diluent is in the range of
70.0 to 80.0 wt.%, both weight percents being based on the combined third
polyethylene and third diiuent.
16.  The method of any of claims 12-14, further comprising combining a fourth
pélyethylene having a molecular weight > 1.0 x 10° with at least one of the first,
20 second, or third polyethylenes.
17.  The method of any of claims 12-15, wherein
the second polyethylene is the same polyethylene as the first polyethylene and
the first diluent is the same as the second diluent;
the first and second layers contain 17.25 to 22.5 wt.% of the first polyethylene,
25 70.0 to 75.0 wt.% of the first diluent and 6.25 to 9.3 wt.% of the fourth
polyethylene; and
the third layer contains 13.8 to 24.9 wt.% of the third polyethylene, 70 to 80
wt.% of the third diluent énd 3.4 t0 9.3 wt.% of the fourth polyethylene, the third

diluent being the same as the first and second diluents.

30 18.  The method of any of claims 12-16, further comprising cooling the multilayer



the first and second layer, the third |layer conprising a third pol yethyl ene
having an Mv < 1.0 x 106 and an anount of term nal unsaturation > 0.20 per
10, 000 cawbeaniczzooes; wherei n the separat or contai ns pol perhytmemessisvi ng a
term nal unsaturation of > 0.2 per 10,000 carbon atons in an anmount in the
range of 4.0 wt.%to 35.0 wt.% based 8dh the total weight of the separator
23. The battery of claim?22 and a |oad electrically connected to the

battery. 24. tEary. hm 20 or 21, wherein the electrolyte
contains lit hg%?nu@%nféﬁox“ﬁ)gf“% &)

19. The method of any of claims 12-17, further comprising stretching the membrane

in at least one direction.

20.  The method of claim 18, wherein the membrane stretching is conducted while
5 the membrane is exposed to a temperature in the range of 90°C to 135°C.

21. A multi-layer membrane made by the method of any of claims 12-19.

22. A battery comprising an anode, a cathode, and at least one separator located

between the anode and cathode, the separator comprising a first layer comprising
a first polyethylene having an Mw < 1.0 x 10°% and an amount of terminal

10 : unsaturation < 0.20 per 10,000 carbon atoms; a second layer ‘comprising a
second polyethylene having an Mw < 1.0 x 10% and an amount of terminal
unsaturation < 0.20 per 10,000 carbon atoms, and a third layer located between
the first and second layer, the third layer comprising a third polyethylene having
an Mw < 1.0 x 10%and an amount of terminal unsaturation > 0.20 per 10,000

15 carbon atoms; wherein the separator contains polyethylene having a terminal
unsaturation of > 0.2 per 10,000 carbon atoms in an amount in the range of 4.0
wt.% to 35.0 wt.% based on the total weight of the separator.

23.  The battery of claim 22 and a load electrically connected to the battery.

24.  The battery of claim 20 or 21, wherein the electrolyte contains lithium ions.



