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I nvention A m croporous | am nated nenbrane useful as a battery separator,
particularly in lithiumsecondary batteries, and its nmethod of nmanufacture
are discl osed herein. Background of the Invention The use of m croporous
mul ti-layered nmenbranes as battery separators is known. See, for exanple,
U S. Patent Nos. 5,480, 745; 5,691,047, 5,667,911; 5,691,077; and

5,952 1%%€ZU.S. Pat ent No. 5, 480, 745 di scloses formng the nmulti-Iayered
film - QU 4hY the nulti-layered precursor or by heat- wel ding, at
152C, pre-fornmed precursor layers. The nmulti-layered precursor, forned by
either technique, is then nade m croporous by annealing and stretching.
There is no nention of stacking precursors for the step of form ng the

m cropores. U S. BarenkyNeepRrf®ér0 di Sy i t lti-layered
filmby co-extruding the nulti-?g§e§§g 3?359?5?5 or %yén#¥34T{ under heat
(120 - 140C) and pressure (1-3 kg/cnR), three or nore precursor |ayers. The
precursor formed under heat and pressure, at a speed of 0.5 to 8 nimn

1.6 - 26.2 ft/mn), has a peel. strength
( ) %ﬁeld of the Invention

A microporous laminated membrane useful ag a battexry
separator, particularly in lithium secondary batteries, and its

method of manufacture are disclosed herein.

Background of the Invention

The use of microporous multi-layered membranes as battery
separators is known. See, for example, U.S5. Patent Nos,. 5,480, 745;

5,691,047; 5,667,911; 5,691,077; and 5,952,120.

U.S. Patent No. 5,480,745 discloses forming the multi-layered
film by co-extruding the muiti-layered precursor or by heat-
welding, at 152°C, pre-formed precursor layers. The multi-layered
precursor, formed by either technique, is then made microporous by
annealing and stretching. There is no mention of stacking

precursors for the step of forming the micropores.

U.5. Patent No. 5,691,047 discloses forming the multi-layered
film by co-extruding the multi-layered precursor or by uniting,

under heat (120 - 140°C) and pressure (1-3 kg/cm®), three or more




in the range of 3 to 60 g/15 mMm (0.2 - 4 g/m). In the exanples, one 34
separator has a peel strength of 1 g/mmand the other, about 0.5 g/mm The
mul ti-layered precursor, formed by either technique, is then nade

m croporous by annealing and stretching. There is no nention of stacking
precursors for the step of formng the mcropores. U S. Patent No.
5,667,911 discloses formng the nulti-layered filmby uniting (by heat and
pressure or by adhesives) cross-plied mcroporous films to forma

mul t IRYSFHFEIE M 2YePdr oushe i briecTheornfornpdr ondeti heataned pFeRaled, at

t oget her using heat (110C - 140C) and pressure (300 - 450 psi) and at l1ne

speeds arfedd of 50.8 tlari® m{dif (116.2 FEbNEe/khS) PRESN, No1509L 01
di scloses formng the multi-layered filmby uniting, by heat and pressure
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technique, is then made microporous by annealing and stretching.

There is no mention of stacking precursors for the step of forming

the micropores.

U.S. Patent No. 5,667,911 discloses forming the multi-layered
film by uniting (by heat and pressure or by adhesives) cross-plied
microporous films to form a multi-layered microporous film. The
microporous films are laminated together using heat (110°C - 140°C)
and pressure (300 - 450 psi) and at line speeds of 15 - 50 ft/min

(4.6 - 15.2 m/min) .

U.S8. Patent No. 5,691,077 discloses forming the multi-layered
film by uniting, by heat and pressure (calendering), or by
adhesives, or by pattern welding, microporous films to form a
multi-layered microporous film. Calendering is performed at 125°C
to 130°C for a residence time of 2 to 10 minutes. Four (4) stacked
multi-layered microporous precursors are calendering between a

single nip roll.




precursors, annealing the bonded, nonporous precursors, and stretching the
bonded, nonporous precursors to forma mnmulti-layered mcroporous film At

| east four (4) tri-layer precursors are simultaneously passed through the
steps of bonding, annealing, and stretching. Bonding was perfornmed between
nip rollers at 128C (range 125C - 135C) at a line speed of 30 ft/mn (9.1
mmn) to yield a peel strength of 5.7 g/in (0.2 g/mm and between nip
rollers at 128C - 130C at a line speed of 40 ft/mn (12.2 mMmn) to yield
a peel stVehgtPrip#n80Ng/i A, p322180mi)scibske themiageghenguptacasses fpave
produced commercially wviable nmulti-layered, mcroporous filns suitable for

use Bislhaby eyt ris@PRg ahehporblisr Brécudsdes],r 8o8R1hRe LBkt Helk %%%Coht&}%ﬁ e

separator manufacturers and the battery manufactufers™to have s

Wt i @ad §F g | . adheglo 1.8, ' c li_ng i ndi vi dual
Iaygis fron1Sibqgﬁgfig%ﬁgnggéuggéagg‘pg%ﬁﬁgﬁﬁg%ggﬁ%gugﬁérPdufﬁgp ment i oned
abov, ' -extrude the nmulti-layered film From co- extrusiaqn, an
it e abehs R idndy BEMBBEAR A RELARSES FE_ THOMy Rerldn Dyered
interface of the |ayers are knitted together during extrusion. However,
whed™} Tl RA ekt frla%%rs %FelﬁiﬁFué@Hraﬁg) shbségient pyepomgeds( @rd ani nat ed)
t oget her, peel strengths have been |imted (as noted above).
simultaneously passed through the steps of bonding, annealing, and

stretching. Bonding was performed between nip rollers at 128°C
(range 125°C - 135°C) at a line speed of 30 ft/min (9.1 m/min) to
vield a peel strength of 5.7 g/in (0.2 g/mm) and between nip
rollers at 128°C - 130°C at a line speed of 40 ft/min (12.2 m/min)

to yield a peel strength of 30 g/in (1.2 g/mm).

While the foregoing processes have produced commercially
viable multi-layered, microporous films suitable for use as battery
separators, there is a desire on the part of both the separator
manufacturers and the battery manufacturers to have such films with
greater interply adhesion (i.e., resistance to peeling individual
layers from one another, measured by peel strength). One route,
mentioned above, is to co-extrude the multi-layered film. From co-
extrusion, an infinite peel strength may be obtained because the
polymers at the interface of the layers are knitted together during
extrusion. However, when individual layers are extruded and
subsequently bonded (or laminated) together, peel strengths have

been limited (as noted above).




-. 3 Accordingly, there is a need to inprove the peel strength of

mul ti-layered mcroporous filnms nmade by | am nating together precursors.
Summary of the Invention A battery separator conprises a multi-|ayered
film individual layers of said filmhaving been bonded together by heat
and pressure, having a peel strength of greater than or equal to 40 grans
per inch (1.6 g/nm and a thickness of < 25 microns. A nethod for naking a
battery separator conprises the steps of: extruding and winding up a first
precursor film extruding and w nding up a second precursor film

unwi nding ,the first and second precursor filns, stacking up the first and
second préﬁﬁﬁ%ﬁleQ%Xm;tq?F?(ﬁﬁn%i%?%@Iéostﬁﬁk@ﬁeptbeupseﬁ,sta&hgahibg t he
singl e stacked precursor film w nding up the |am nated single stacked

pr ec e d - kayened treickioppupia Hllmal mage oby | hamhasedngi aghetsbacked
precursor filns, and making m croporous the stacked plurality of |am nated
Si nglperestuatdoads precursor filns. Detail ed Description of the Invention A
battery separator refers to a mcroporous filmor nmenbrane for use in

el ectrochem cal cells or capacitors. Electrochem cal

Summary of the Invention

A battery separator comprises a multi-layered film, individual
layers of said film having been bonded together by heat and
pressure, having a peel strength of greater than or equal to 40
grams per inch (1.6 g/mm) and a thickness of < 25 microns. A
method for making a battery separator comprises the steps of:
extruding and winding up a first precursor film, extruding and
winding up a second precursor film, unwinding the first and second
precursor films, stacking up the first and second precursor films
to form a single stacked precursor, laminating the single stacked
precursor film, winding up the laminated single stacked precursor
film, stacking up a plurality of laminated single stacked precursor
films, and making microporous the stacked plurality of laminated

single stacked precursor films.

Detailed Description of the Invention

A battery separator refers to a microporous film or membrane
for use in electrochemical cells or capacitors. Electrochemical

cells include primary (non-rechargeable) and secondary




cells.include primary (non-rechargeable) and secondary - 4 (rechargeable)
batteries, such as batteries based on lithium chemstry. These filns are
commonly made of polyolefins, for exanple, polyethylene, polypropyl ene,
pol ybut yl ene, pol ynet hyl pentene, m xtures thereof and copol yners thereof.
Pol ypropyl ene (including isotactic and atactic) and pol yet hyl ene

(i ncl udi ng LDPE, LLDPE HDPE, and UHNMPE) and bl ends thereof and their
copol re th eferred pol efins that .are used to _nake

conmey C|;%€%%ﬁﬁﬂ %§§?¥+ﬁﬁ cﬁgé e38 QﬁEF?Eé??oh%se¢h8§ellﬁhﬂnm may be
nadeﬁ%é t.he CELGARD process (al so known as the dry process, i.e.,

ext r FIEMHE - stThass)t %%m%ya%?s%@mﬁﬂﬂlﬁxm@éct©6n90byo&e§snsal§orknomn as
the wet process or phase inversion process or TIPS, thermally induced

phas@&ﬁﬂﬂ%&ﬂinﬂﬁyqﬁhxign@,chIMpfppphenéclposybetphepépcess. Sone of these
films, those made by the dry process, are often nmulti-layered fil ns.

Mul t |pd1werteq;1fpémen@,r empiesd eghdeeapsend h@&pbﬁyﬁeﬁgume\e@o@apabl lity
(i.e., can stop the flow of ions in the event of short C|rCU|t|ng A
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their copolymers are the preferred polyclefins that are used to
make commercially available films for these applications. These
films may be made by the CELGARD® process (also known as the dry
process, i.e., extrude-anneal-stretch) or by a solvent extraction
process (also known as the wet process or phase inversion process
or TIPS, thermally induced phase separation, process) or by a
particle stretch process. Some of these films, those made by the
dry process, are often multi-layered films. Multi-layered films
are preferred because they have shutdown capability (i.e., can stop
the flow of ions in the event of short circuiting). A common
multi-layered film is the tri-layered film. A popular tri-layered
film has a polypropylene (PP)/polyethylene (PE}/polypropylene (PP)
structure, another structure is PE/PP/PE. Another separator is a
5-layered film with a PP/PE/PP/PE/PP or a PE/PP/PE/PP/PE structure.
Such separators have a thickness less than 3 mils (75 microns, u).
Preferably, the thickness ranges from 0.5 to 1.5 mils (12 to 38u)
{thickness is the average of 30 measurements across the width of

the film, using a precision micrometer with a 0.25-inch diameter




5-layered filmwith a PP/ PE/ PP/ PE/ PP or a PE/ PP/ PE/ PP/ PE structure. Such
separators have a thickness less than 3 mls (75 mcrons, ). Preferably,
the thickness ranges from0.5 to 1.5 mls (12 to 38i) (thickness is the
average of 30 measurenments across the width of the film using a precision
mcronmeter with a 0.25-inch dianeter circular shoe contacting the sanple at
eight (8) psi). nost preferably, the thickness ranges fromO0.5 to 1.0 mls

(12 esl) ' I e} measur e y_peel strength -
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DFG 2 and 6 m e.gips, sanple. - 1 inch (2.54 cm) x 6 - 8 inch
(15.§Zefefsb§§'c%§? &é@F 3 (%F?QkﬂnScﬁodht%iﬂ£1$a§b?st0f25nithe
m ddl e | ayer with transparent tape and place one outside |ayer and mddle
| ayePIPRSaPIpd Nt rplyatsihasian 4epsanegd deh Keeb syremythpr etieingl ¥

greater than 50 g/in (2.0 g/mm, and nost preferably greater than 60 g/in

(2. 4ChAmIL 100t AED R0l MeprlofentdeeTesarer, @idEyaK @faseCongs MEIEL epre-2
ASTM D726(B) - a resistance to air flow neasured by the Gurley Densoneter

(e. gankbdek 4320kypeh&rilgsTe daw@lle requiingsch t @ PasscdP £Cs0f gi {LRrough
one square inch of product under a pressure of 12.2 inches of water, 10
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from the middle layer with transparent tape and place one outside
layer and middle layer in grips) is greater than 40 grams/inch (1.6
g/mm), preferably greater than 50 g/in (2.0 g/mm), and most
preferably greater than 60 g/in (2.4 g/mm). Other film properties
are: Gurley < 30 seconds (Gurley - ASTM-D726 (B) ~ a resistance to
air flow measured by the Gurley Densometer (e.g. Model 4120}, the
time (sec) required to pass 10 cc of air through one square inch of
product under a pressure of 12.2 inches of water, 10 samples are
averaged) . Basis weight ranging from 0.5 - 2.0 mg/cm? (basis
weight is the average of 3 - one foot square samples from across
the width of the sample weighted on a precision balance with an
accuracy of 0.0001 grams). Shrinkage (%) is less than or equal to
5.0% (shrinkage is the average of three 10 cm samples from across
the width of the film, they are measured, exposed to 90°C air for
60 minutes and re-measured, the average is repcrted. Puncture
strength > 360 grams (puncture strength is the average of ten

measurements made from across the width of the sample. A Mitech

Stevens LFRA Texture Analyzer is used. The needle is 1.65 mm in




t.he wi.dth of the sanple weighted on a precision balance with an accuracy
of 0.0001 grams). Shrinkage Mis less than or equal to 5.0% (shrinkage is
the average of three 10 cm sanples fromacross the width of the film they
are neasured, exposed to 900C air for 60 mnutes and re-neasured, the
average is reported. Puncture strength > 360 grans (puncture strength is
the average of ten nmeasurenents made from across the width of the sanple.
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100 - (apparent density/resin density) and for nmulti-Ilayered filns,
cal ciegisd apseodianrs sisiote HErapparenst temsil y) r etha densi 5y} iknabbat
manuf acture of these filns, the process generally conprises: extruding

nonp@r@&SXme@@msor§hdxmumaujaugﬁnﬁmﬁo§fﬁy i&wuﬁw@ush@ﬁGGU%$OF§eféBQb1y
maki ng m croporous the bonded nonporous precursors. For exanple, in a wet

pr ocagsuta 4misXt ureofcamiyliated density is 100 - (apparent density/resin
density} and for multi-layered films, calculated porosity is 100 -

r (apparent density/resin density);.

In the manufacture of these films, the process generally
comprises: extruding nonporous precursors; bonding together the
nonporous precursors; and making microporous the bonded nonporous
precursors. For example, in a wet process, a mixture of matrix
components and extractable components are extruded to form a
nonporous precursor film. Precursor films are stacked for bonding,
the stacking being in the configuration of the desired end product.,
The stacked precursor films are then bonded. Thereafter, the
bonded stacked precursor films are made microporous by subjecting
that f£ilm to an extraction bath where solvents would be used to
remove the extractable components from matrix components. In the
dry process, on the other hand, the matrix components are extruded
to form a nonporous precursor film. Precursor films are stacked

for bonding, the stacking being in the configuration of the desired

end product. The stacked precursor films are then bonded.




conponents and extractable conponents are extruded to forma nonporous
precursor film Precursor filnms are stacked for bonding, the stacking
being in the configuration of the desired end product. The stacked
precursor filnms are then bonded. Thereafter, the bonded stacked precursor
films are nmade m croporous by subjecting that filmto an extraction bath
where solvents would be used to renove the extractable conponents from

T I IThegeareasn! Thel bdiltfed UoadNAF e Allsd PO PIRET aDANHa oL NG, TR

trix
conponents are extruded to forma nonporous precursor fde BrSEOPeSPUS

fil I far, di t he stacking being in the configuration of
thengggfggagégﬁgnggl&Epgﬁfhggéfg%ﬁﬂamiﬁt% s%ﬁéféh%% SreetrBhngosAeRS - 7
Thereafter, the baonded stacked precursor filnms are nade m croporous by
subj ECEFRg SERSE AR CRHFShREAS P HRE 1PR A5Gt tee chirbgrEaepsofwher e
stretching_induces pore formation at the interface of crystalline and
anph6ry§s adégnenandn ampdhiarayd xagmponem sthadheat ¥ iwentvhponant k. beThar t her
described with reference to the dry process. Extruding the precursor film
i s conventiionalwilEobeexamiler deediiEd Raientrdbsredcd80o9¢he 81691, 047;
5,667,911; 5,691,077, 5,952,120; and 6,602,593. Matrix conponents are

pol yeketess.. The

Extruding the precursor film is conventional. For example,
see U.S. Patent Nos. 5,480,945; 5,691,047; 5,667,911; 5,6%81,077;
2,952,120; and 6,602,593. Matrix components are polyolefins. The
polyclefins are preferably any polyolefin suitable for blown film
or slot die film productions. Most preferred are polyethylene and
polypropylenes suitable for blown film or slot die film production.
Nonporous precursor films are extruded and wound up. For example,
in a blown film process, a tubular parison is extruded, collapsed,
and the wound up and in a slot die or T die process, the flat
parison is extruded and wound up. Each of these nonporous

precursor films will become a layer of the multi-layered

microporous membrane.

Laminating (e.g., bonding with heat and pressure via nip
rollers) of two or more of the nonporous precursor films is

performed next. The nonporous precursor films are unwound and

stacked in a conventional manner before bonding in a laminator.




pol yol.efins are preferably any polyolefin suitable for blown film or slot
die filmproductions. Mst preferred are pol yethyl ene and pol ypropyl enes
suitable for blown filmor slot die filmproduction. Nonporous precursor
films are extruded and wound up. For exanple, in a blown filmprocess, a
tubul ar parison is extruded, collapsed, and the wound up and in a slot die
or T die process, the flat parison is extruded and wound up. Each of these

NONPTheusnwAhEE s ahd igtikld HE et B Plad hPthe'i'.r'a%{'fééé‘a efgdy. Svia

m croporous nenbrane. Lami nating (e.g., bonding wth and pressur

ni p pgekher ghgof st or, I fe t orous precursor filns i er f or med
next. The nongorgdggéfggﬁggﬁﬁ'lgn%’ggyun%%ﬁ acffgfys?%%k%‘ati‘ﬁgas acked
conventional manner before _bonding in a lamnator. - 8 The unw nding and

g .

st ackRPRECREVSHE T SERESPTed 1S 11u& rateFSh R399 Paiteitk s . PEeGELSO77 and
5,952,120, except only one set of stacked nonporous precursor filns (i.e.,
a sef 1bBEndaadstrcRNofthsr sonfsguratian dfithapasited Comdl guiatoporefist he
desired final mcroporous nenbrane) is run through the heated nip rolls of
the peebuprser as zunt itheouyhproefee hreed cbnfiguraltlionot stife tpied@ySbr at a
precursor with a PP/ PE/PP lay-up pattern. It is preferred that the higher
meltthge. A preferred configuration is a tri-layer precursor with a

PP/PE/PP lay-up pattern. It is preferred that the higher melting

point material (e.g., PP in a PP/PE/PP) precursor be wider than the

lower melting point material {(e.g., PE in a PP/PE/PP) so to prevent

sticking on the heated nip rolls. Line speeds through the heated

nip rolls are greater than 50 feet per minute (15.2 m/min) and

typically range from 50 - 200 fpm (15.2 - 61 m/min). Preferably,

the line speeds are greater than 100 fpm (30.5 m/min}), more

preferably 125 fpm (38.1 m/min), and most preferably, 150 fpm (45.7

m/min) . The heated nip roll temperature ranges from 100 - 175°C,

preferably 145 to 170°C, and most preferably 155 - 165°C. Nip roll

pressure ranges from 100 to 800 pounds per linear inch (pli) (17.7

- 141.7 kg per linear cm), preferably 100 to 300 pli (17.7 - §3.1

kg per linear cm).

After the now bonded stacked nonporous precursor, which is
heated for bonding, is wound up. Prior to wind up, however, it is

desirable to cool the film. This cooling is preferably

accomplished by the use of a chill roll. The chill roll




point.material (e.g., PP in a PP/PE/PP) precursor be wider than the | ower
nmelting point material (e.g., PEin a PP/PE/PP) so to prevent sticking on
the heated nip rolls. Line speeds through the heated nip rolls are greater
than 50 feet per mnute (15.2 rn/mn) and typically range from50 - 200
fpm (15.2 - 61 mimn). Preferably, the line speeds are greater than 100
fpm (30.5 mMmn), nore preferably 125 fpm (38.1 mMmn), and nost

pr ef ecablyatig@s pay 4ange f¥dH Mo Thesdeatsd faRHIQ) I d €Myt ur ¢ r anges
from 100 - 175C, pry(ef erably 145 to 170C, and nost preferably I55 iT;\[tlé C.

| y 14 eferably 155 - ©
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kg p i r..cm,. Aft he now bonded st acked nonporous precursor, Wwhich
o PRl SR e 5T (R SRR TR | DAY MARF (G HOWEREF i khi she
desir bﬁ to (,_;Lool the film This cooling is preferably acconplished by the
use Sgl chPRlL r SPis prevents the 1f1lm frxepprigiuies peytheangeiil onoRD. -
45C, preferably 25 - 40C. It is nost preferred that this filmbe bel ow the
gl as¥ot paAssti eroliegperat wrs fory)itf dthecani Brg nostosayeie pridtht 6f COREact
with the chill roll, this prevents the filmfromsticking to the chill
roll film, an air knife may be employed between the heat nip rollers and
the chill reoll. Finally, the bonded, nonporous stacked precursor
may curl along the lateral edges of the film. If so, trim knives

may be used to remove the curl prior to winding. Two sets of

stacked nonporous precursor films may be simultaneously wound onto

a single roll.

Thereafter, the bonded, stacked precursor film is ready to
made microporous. A plurality of the bonded stacked precursor
films are stacked. At least four (4) bonded stacked precursor
films are stacked for further processing, preferably at least six
(6), most preferably at least twelve (12), and still more
preferably at least sixteen (16} may be stacked for further
processing. The plurality of bonded stacked precursor films are
then simultaneously annealed and then stretched in a conventional
manner. For example, see: U.S. Patent Nos. 5,480,945; 5,691,047;

5,667,911; 5,691,077; 5,952,120; and 6,602,593 for typical

annealing and stretching conditions.




To assist cooling and uniformty of cooling across the width of the film
an air knife nmay be enpl oyed between the heat nip rollers and the chil
roll. Finally, the bonded, nonporous stacked precursor rmay curl along the
| ateral edges of the film If so, trimknives may be used to renove the
curl prior to winding. Two sets of stacked nonporous precursor filns may
be sinmul taneously wound onto a single roll. Thereafter, the bonded,

st acked pﬂ@@hﬁkmﬁgﬁﬂnﬂi$nveaﬁyomowihhdhenfuroheroﬂEluétﬁhUéa|bgyway Lire
bonded stacked precursor filns are stacked. At |east four (4) bonded

st acledek freddwwsiorg dxdniples e stacked for further processing, preferably at
| east six (6), nost preferably at |east twelve (12), and still nore
preferably at |east sixteen (16) may be stacked for further processing.
The plurality of bonded stacked precursor filns are then sinultaneously

anneal ed d.the tr din conventional manner. _For exanple, see:
US. Patent ﬁoﬁé %ﬁﬁ@%e’? ?%'47’5“‘3 5{9 36%7? 91§t e5mads, %?7}‘18{1952?120;
and 6,602,593 for typical annealing and stretching conditions. The
fore&&qﬁfﬁﬁﬁ§éﬁHQﬁﬁQ;ﬁﬁaTﬁ}?%ﬂ%rﬁﬁ i1 14R¥? dpeudey wagebherthe £bel owi ng
exanmples: In the follow ng exanples, the filns were nmade by identica
inventive process and Comparative Examples 2 and 4 were prepared

according to the process set out in U. S. Patent No. 5,952,120,
Lamination parameters fro the inventive process are as set forth
above, reference preferred ranges. Example 1 and Comparative
Example 2 have a nominal thickness of 25u, and Example 3 and

Comparative Example 4 have a nominal thickness of 20u.
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I nventive
according to the
Lam nation paraneters fro

processes except Exanples 1 and 3 were bonded together by the
process and Conparative Exanples 2 and 4 were prepared
process set out in U S. Patent No. 5,952, 120.
the inventive process are as set forth above, reference preferred ranges.
Exanpl e 1 and Conparative Exanple 2 have a nom nal thickness of 25g, and
Exanpl e 3 and Conparative Exanple 4 have a nom nal thickness of 20g. EX

1CEX 2EX 3CEX 4 Curl ey25.022.918.818.5 Thi ckness26. 525. 020. 720. 2 Basi s

wei ght1.51.41.11. 1 Shrinkage %2.52.21. 71. 6 Adhesi on63. 137. 862. 239. 6
Porpsity %38.739. B42. 24 1 Puncfure dg#476423¢46 SggeRagUit I :xréﬂkﬁil
152{1199619771997 (Kg/ cnm?Z) MD % E—
Gurley 25.0 22.9 18.8 18.5
Thickness 26.5 25.0 20.7 20.2
Basis Weight 1.5 1.4 1.1 1.1
Shrinkage % 2.5 2.2 1.7 l.6
Adhesion 63.1 37.8 62.2 39.6
Porosity % 38.7 39.8 42.2 45.5
Puncture 471 476 423 446
Strength
MD Strength 1521 1996 1877 1997
(Kg/cm?)
MD % 46 46 43 41
Elongation
TD Strength 157 1389 157 145
(Kg/cm®)
D % 151 555 831 788
Elongation
Electrical 8.3 7.6 7.4 7.7
Resistance
(ER)

Tensile properties (TD & MD strength and TD & MD % Elongation) were

measured using an INSTRON MODEL 4201

fwith Series IX Automated

Materials Testing Software for Windows), crosshead speed 508.00

mr/min,

samples 5 - ¥ inch
cm), clamp pressure - 90 psi (6.33 Kgg/cm?).

{1.27 cm)

X 6

- 8 inches

(ER) is reported as MacMullen Number (Npac =

rseparator/Pelectrolytetseparator: Tseparator = R (measured resistance of
separator)Ap.ce (area of probe, cm?) , Pelectrolyte = €lectrolyte

resistivity (ohm-cm)},

tseparator = Separator thickness

(15.24 - 20.32
Electrical Resistance

{cm))} using an

EG&G Princeton Applied Research of Oak Ridge, TN, 273A Potenticstat

with 5210 Lock-in Amplifier and the PowerSuite software.

cell has a 1 square inch (6.45 sguare cm)

contact the wetted separator.

The test

electrode faces that

Separators are wetted with a 1 molar

LiPF; electrolyte in a 3:7 weight ratio ethyl carbonate (EC) to

ethyl methyl carbonate

(EMC) .

Measurements are taken at AC

amplitude of 5 mV and a freqguency range of 22,000 to 24,000 Hz.
The report results are the average of four membranes, 4 membranes

are stacked and measured,

them remove one membrane and measure 3

membranes and so forth, the differences are averaged and reported.
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46464341 El ongation TD Strength 157139157145 (Kg/cnR) TD % 151555931788

El ongation Electrical Resistance 8.37.67.47.7 (ER) Tensile properties (TD.
& MD strength and TD & MD % El ongati on) were measured using an | NSTRON
MODEL 4201 (with Series | X Automated Materials Testing Software for

W ndows), crosshead speed 508.00 mmmn, sanples 5 - %inch (1.27 cm Xx 6
- 8 inches (15.24 - 20.32 cm, clanp pressure - 90 psi (6.33 Kgf/cnR).

El ectri cal i : P ST ried .l en Nunber (Nmag =
r separ at or'l;r%zgls%ctro y%é‘?g%t-é%g?a@%?,ﬂfgs%%g?a %gU%nRO{:ﬁSﬁsgPE&'sr ¥ditdeskce of

r [ r f_pr Pei roi = el r ol
Sepaé%ﬁggg¥%éﬂ¥%éﬁlgﬁéospfrggeéngngﬁe’esgggggaglX%gribgtggttge¥ggf,
and, accordingly, reference should be made to the appended claims,

rather than to the foregoing specification, as indicated the scope

of the invention.
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resistivity (ohmcn) , tseparator = separator thickness (cm ) using an
EGG Princeton Applied Research of OCak Ridge, TN, 273A Potentiostat wth
5210 Lock-in Anplifier and the PowerSuite software. The test <cell has a 1l
square inch (6.45 square cm electrode faces that contact the wetted
separator. Separators are wetted with a 1 nolar LiPFs electrolyte in a 3:7
wei ght ratio ethyl carbonate (EC) to ethyl nmethyl carbonate (EM).

Measueyre RS & e d qﬁeﬁh@édﬁc anplitude of 5 nmvV and a frequency range of
22,000 to 24,000 Hz. The report results are the average of four nenbranes,

4 menbranes are stacked and neasured, themrenove one nenbrane and neasure
3 nenbranes and so forth, the differences are averaged and reported. The
present invention may be enbodied in other fornms without departing from
the spiritl-and & RAERIBALTWAEAEPT RRBRY 1 HERGof, and, accordingly,
reference should be nade to the appended clains, rather than to the

f or egoi ng speci# ingsltt ionl aperéddivatepotrdes stope, bdhdihediavebthiers That
VWhich Is Clainmed: 1. A battery separator conprising a nulti-Ilayered

m cr eRdro s i IMaviimylibe stiabot @y Sogdtheai By fhéat handngrbeeirBondged i ng
toget her by heat and pressure, having a peel strength of greater than~40

grama pRiel Rtrdnbth HMAr&de A than 40 grams per inch (1.6 g/mm) and a

thickness of < 25 microns.

2. The battery separator of Claim 1 wherein said multi-

layered microporous film being a tri-layered film.

3. The battery separator of Claim 2 wherein said tri-layered

film having a polypropylene-polyethylene-polypropylene structure.

4. The battery separator of Claim 1 wherein said film having

a thickness of less than or equal to 20 microns.

5. The battery separator of Claim 1 wherein said film having

a thickness of less than or equal to 15 microns.

6. A battery separator comprising:
a multi-layered microporous film, individual layers of

said film having been bonded together by heat and pressure, having

a peel strength of greater than 40 grams per inch (1.6 g/mm)




thi ckness of < 25 mcrons. 2. The battery separator of Claim1l wherein said
multi | ayered mcroporous filmbeing a tri-layered film 3. The battery
separator of Claim2 wherein said tri-layered filmhaving a

pol ypr opyl ene- pol yet hyl ene- pol ypropyl ene structure. 4. The battery
separator of Claim1 wherein said filmhaving a thickness of |ess than or
equal to 20 mcrons. 5. The battery separator of Claim1l wherein said film
havi L piockn f less_than,or. equal, to 15 microns. 6. A battery
sepa?g?g?ago%%rﬁggﬁg:oge AYEE Bedmsy SHRs ¥ R YRTRRYXAQRRM | ayers
of said filmhaving been bonded tqgether by heat and pressure, having a
peel 2BPFBRGt aHFrngéPSrspﬁéﬁaﬁﬁlgﬂ By tiot ek .6 agidmhe Al m vikeer Eiap at
| east one | ayer being substantially polypropylene, another |ayer being
subs® afhiakngspobfelkypsetibanand ekmafli Itm Hévimigromst.hi ckness of | ess than
or equal to 15 microns. 7. A nmethod of making a battery separator
conprising the steps of: extruding and winding up a first precursor film
extruding and wi nding up a second precursor film

7. A method of making a battery separator comprising the
steps of:
extruding and winding up a first precursor film;
extruding and winding up a second precursor film;
unwinding the first and second precursor film;
stacking up the first and second precursor films to form
a single stacked precursor;
laminating the single stacked precursor film;
winding up the laminated single stacked precursor film;
stacking up a plurality of laminated single stacked
precursor films; and
making microporous said plurality of laminated single

stacked precursor films.
8. The method of Claim 7 wherein extruding the first or
second precursor further comprises extruding with a slot die, T

die, or a blown film die.

9. The method of Claim 7 wherein the single stacked

precursor being a tri-layer precursor.




unwi nding the first and second precursor film stacking up the first and
second precursor filns to form a single stacked precursor; |lamnating the
singl e stacked precursor film w nding up the |Iam nated single stacked
precursor film stacking up a plurality of |am nated single stacked
precursor films; and making m croporous said plurality of |am nated single
stacked precursor filnms. 8. The nethod of Claim7 wherein extruding the
first or second precursor further conprises extruding with a slot die, T
die, or a blown filmdie. 9. The nethod of Claim?7 wherein the single
stacked precursor being a tri-layer precursor. - 15 10. The nethod of

d ai m 9 wHérei Fhen@athiad gfeClide # sdherebn nghe tri-layer precursor

pol ypropyl ene- pol yet hyl ene- pol ypr opyl ene precursor. 11. The nmethod of C aim
7 whérdng lkarodabinep ey patl yspdedse s qad Bypt bayl 408 Hréoupsé30.5 minin).
12. The method of Caim 11 wherein | am nating being at speeds greater than
125 ft/mn (38.1 mmn).

11. The method of Claim 7 wherein laminating being at speeds

greater than 100 ft/min (30.5 m/min).

12. The method of Claim 11 wherein laminating being at speeds

greater than 125 ft/min (38.1 m/min).

13. The method of Claim 12 wherein laminating being at speeds

greater than 150 f£t/min (45.7 m/min).

14. The method of Claim 13 wherein laminating being at speeds

greater than 200 ft/min (61.0 m/min).

15. The method of Claim 7 wherein laminating being conducted

between heated nip rollers.

16. The method of Claim 15 wherein the nip roller temperature

ranging from 145°C to 170°C.

17. The method of Claim 16 wherein the nip roller temperature

ranges from 155°C to 165°C.




13. The method of Caim 12 wherein | am nating being at speeds greater than
150 ft/mn (45.7 mMmn). 14. The nethod of Caim 13 wherein | am nating
bei ng at speeds greater than 200 ft/mn (61.0 mmn). 15. The net hod of
Claim7 wherein | am nating being conducted between heated nip rollers. 16.
The nethod of Cl aim 15 wherein the nip roller tenperature ranging from 145C
to 170C. 17. The nethod of Caim 16 wherein the nip roller tenperature
ranges from 155C to 165C. - 16 18. The nmethod of C aim 15 wherein the nip
roller pressure ranges from 100 to 800 pounds per linear inch (pli). 19.

The net ho f im18 whereipn,the nip roller essure ranges from 100 to
300 pli. g’og T%ﬁ?re[{'%% %fog Q?ﬁ%’? S\Ee?’étﬂﬁeé“cﬁﬁ%ﬂ NAE [ deroWLSE IURE ni p
rollers. 21._The nmethod of Caim 20 wherein the chill roll tenperature

r angeLRF O DN (0 A5k 990 RAENAE: BB binerdi Angh Bdddi-n the chill roll

tenperature

19. The method of Claim 18 wherein the nip roller pressure

ranges from 100 to 300 pli.

20. The method of Claim 7 wherein a chill roll following the

nip rollers.

21. The method of Claim 20 wherein the chill roll temperature

ranges from 20°C to 45°C.

22. The method of Claim 21 wherein the chill roll temperature

ranges from 25°C to 40°C.

23. The method of Claim 20 wherein an air knife being placed

between the nip rollers and the chill roll.

24. The method of Claim 20 wherein edge trim knives follow

the chill roll.
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ranges from 25C to 40C. 23. The nmethod of Claim20 wherein an air knife
being placed between the nip rollers and the chill roll. 24. The nethod of
Claim 20 wherein edge trimknives follow the chill roll. 25. The nethod of
Claim7 wherein the plurality of Iamnated single stacked precursor filns
being at least six lam nated single stacked precursor filns. 26. The

met hod of Caim 25 wherein the plurality of lam nated single stacked

precursor £d | [ | egst, twel ye ] ami nate singl e ;stacked precursor
filmns. 27.5%?%12 h@%@@dd’éi‘?&%‘“ e FﬁeﬂﬁetEFuPZPgﬁg%ﬂf Cmilamieated
singl e st.acked precursor filnms_being at | east_sixteen |amnated single
st ac %%ﬁﬁascg?ecf iPRRCUBEOr Thel Aet heangr atl Arafy @her damimaltiedy single
m croporous_said plurality of |am nated single stacked precursor filnms
bei ndf tasest tRIEFWEsR X hel Yioup consisting of a dry process and a wet
process. 29. A nmethod of nmaking a battery separator conprising the steps
of : extruding a precursor film

26. The method of Claim 25 wherein the plurality of laminated
single stacked precursor films being at least twelve laminated

single stacked precursor films.

27. The method of Claim 26 wherein the plurality of laminated
single stacked precursor films being at least sixteen laminated

single stacked precursor films.

28. The method of Claim 7 wherein making microporous said
plurality of laminated single stacked precursor films being
selected from the group consisting of a dry process and a wet

process.

29. A method of making a battery separator comprising the
steps of:
extruding a precursor film,
laminating together two or more precursor films to form a
multi-layered precursor film,

stacking up at least twelve multi-layered precursor

films, and
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| am nating together two or nore precursor films to forma nmulti-|ayered
precursor film stacking up at |least twelve nmulti-layered precursor filmns,
and - 18 nmking m croporous the stacked nulti-layered precursor films. 30.
The nethod of claim29 wherein at |east sixteen nmulti- |ayered precursor
films are stacked up. 31. The nethod of claim 29 wherein maki ng m croporous
the stacked nmulti-Ilayered precursor filnms being selected fromthe group

consi sti ng of . rocess and a t process.
g %aﬁl%gpmlcroporous Qﬁ% tacked multi-layered precursor

films.

30. The method of claim 29 wherein at least sixteen multi-

layered precursor films are stacked up.

31. The method of claim 29 wherein making microporous the
stacked multi-layered precursor films being selected from the group

consisting of a dry process and a wet process.




