; e3e<: 9d6T: . >J 2000. 077 BATTERY SEPARATOR-PIN REMOVAL Field of the

I nvention The instant invention is directed to a battery separator having
i nproved pin renoval properties. Background of the Invention | “‘ummlwmmww
manuf act ure of high energy, l|ightweight batteries, for exanpleMl
lithiumbatteries, the battery assenbly, i.e., an anode tape and a«fpa@iRode
tape sambechog a separator tape, is wound about one (1) or nore pins (or

cores or mandrels). To begin w nding of the assenbly, the separator tape is
taken up on the pin, and then the anode and cathode tapes are feed to the

pin. Upon conpletion o I RChoRGh, e_b I Iﬁﬁ& nbly is re

w t hdrawn) fromthe pi%§&??R$L§%§§%@ﬁ%F§ (?&%FF%% e géparator tmmmmmummmwmmm
on the pin during withdrawal, the assenbly "tel escopes” and nust Dbe , 5950
rejected. Such rejects increase the cost_of the battery manufacturing
process. Accordingly, batteriehdl dherBreeekpRe separator tapes that
have i nproved pin renoval properties, i.e., separators that will not stick
to the pin wige tirstant enyvernsamn|is idirepps@d o herkedtoary-1  Several
attenpts have been nade to solve the foregoing pin renoval problem In
Japanes esdfalait chO-HEGEY imprdwdie b Bpridm@B 1 1988etheesur f ace of a

m croporous nenbrane is textured to inprove the pin renoval. Spheri cal
particles, consisting of an organic resin, preferably at |east one resin
selected fromfluororesins and silicone resins, protrude fromthe nenbranes

surface. The textured su C LCHI .resi stance. In Japanese
Kokai 10- 139918 phaggro8HHCeE ERECELORAL 1bR

In the manufacture of high energy, lightweight

batteries, for example, secondary lithium batteries, the
battery assembly, i.e., an anode tape and a cathode tape
sandwiching a separator tape, is wound about one (1) or
more pins (or cores or mandrels). To begin winding of the
assembly, the separator tape is taken up on the pin, and
then the anode and cathode tapes are feed to the pin. Upon
completion of the winding, the battery assembly is removed
(or withdrawn) from the pin. If the assembly (i.e., the
separator tape) sticks on the pin during withdrawal, the
assembly “telescopes” and must be rejected. Such rejects
increase the cost of the battery manufacturing process.
Accordingly, battery manufacturers desire separator tapes
that have improved pin removal properties, i.e., separators
that will not stick to the pin when the battery assembly is

removed therefrom.



publ'i shed May 26, 1998, the surface of a nicroporous nmenbrane is coated

with a lubricant to inprove pin renoval

dip coating or roll coating. The lubricants include (waxes e.g., paraff
wax, mcrocrystalline wax, |ow nolecular wei ght polyethylene and ot her
hydr ocar bons waxes); fatty acid esters (e. g., nethyl stearate, stearyl

st ear at e,

nonogl yceride stearate); aliphatic amdes (e. g., stearam de,

pal m tam de, nethylene bis stearam de), and conbi nations thereof. In

Japanese Kokai 10-2Z795215 published July 28, Z998, the surface portion o
the m croporous nmenbrane, which has a greater ratio of polyethylene to
pol ypropyl ene than the mddle portion of the nenbrane, has inproved pin
renoval properties. In U S. Patent Application Serial No. 09/661,519 fi

Sept ember 13, 20@Q,cl-B€ %‘EEfeﬁl?%sohaRr@ebE'e?l ade D WAV e d %Aﬂ%&;&fﬂ

renoval .

The surface nodifica

ions include texturing (roughin

The coating may be acconplished by

in

f

| ed
pin
face

i cive | nEpBISEREYRA PLCRAEM < FROVAP=SEe"BRKE, A-LaBRRL It SatRhook,

Chapman & Hall, New York Cit

esl ns ast| CS

1991) . 645. Therein, it is noted

t hat caIC|uﬁ?§%éa?§te19ﬁﬁenté§e8u#ﬁgESI95Iéfﬂﬁ§r°§8F§uﬁomth§a@§ ddt al yst ,

that |-ubricants are used to enhance resin processibility, and that
“effective tebEncadt §0. idprave Gbeepsnl yempPiedt t Aphprdpedt pestdfclend

products’

(i.e., they are inert). For exanple, 600 ppm of cal cium stear

has been addexsistpnyypfopyl engahdc rheipur peséetbbagt amng laeasan oael d

scavenger.

See Wtco's Additive Product Cuide, Polyner Additives G oup,

ate

A ef i ns/ St yre®isSsepageed. f€BMCEUTLEbEaEaRE HRY 8L30caak @aesansybricant to
i nprove the flow

protrude from the membranes surface. The textured surface
reduces frictional resistance. In Japanese Kokai 10-139918
published May 26, 1998, the surface of a microporous
membrane is coated with a lubricant to improve pin removal.
The coating may be accomplished by dip coating or roll
coating. The lubricants include (waxes e.g., paraffin wax,
microcrystalline wax, low-molecular weight polyethylene and
other hydrocarbons waxes); fatty acid esters (e.g., methyl
stearate, stearyl stearate, monoglyceride stearate);
aliphatic émides (e.g., stearamide, palmitamide, methylene
bis stearamide), and combinations thereof. In Japanese
Kokai 10-195215 published July 28, 1998, the surface
portion of the microporous membrane, which has a greater
ratio of polyethylene to polypropylene than the middle
portion of the membrane, has improved pin removal
properties. In U.S. Patent Application Serial No.

09/661,519 filed September 13, 2000, the surface of the pin



characteristics of the polyolefin resins. Wtco, Ibid., page 2.

Pol ypropyl ene resins containing cal cium stearate have been used to make
battery separators, i.e., CELGARD 2400, a single |ayer polypropyl ene
Separator, and CELGARD 2300, a multilayered separator. - 3 In spite of
the foregoing efforts, there is still a need to inprove the pin renoval
properties of these separators. Sunmmary of the Invention A nethod for
renoving a pin froma battery assenbly conprising the step of providing a
separator conprising: a mcroporous nenbrane having an exterior surface
portion of polypropyl ene, the polypropylene including at | east 50 ppm of

netal lic steargbeiandabebngmpdaptegdihorenbihit arpensuemayal force < 7100g.
Description of the Invention A m croporous nmenbrane, as used herein, has a

plurality of gt gfODPEERs! Ea&lsa&eegxwmgg é&tegggrg fapRe Lherdlgropores

have an average pore size ranging fromO. crons, prefterably 0.01
to 5 mcrons nd nost_pref ab=¥ 8 g% m ¢rons. The m croporous
menbr ane a|§%dZ%£ %?83Y?%9 E%@ b73 )g?aﬁaﬁnéleon15 to 100 seconds,
preferably 10-60 seconds. Preferably, these nmenbranes are "shut down
menbranes,” i.e., having the ability to stop ion fl ow between the anode and
cat hode upon the onset of a rapid increase in the battery's tenperature due
to, for exanpl e, Thatesaabfshatclenreu¢atrage Faean gdditpver dpor ous nenbrane
may be a single ply nenbrane or a

polyolefin resins is known. See: Plastics Engineering

Handbook, Chapman & Hall, New York City, NY, (1991), p.

645. Therein, it is noted that calcium stearate, when used

in polyolefins, acts to ‘tie up catalyst,’ that lubricants

are used to enhance resin processibility, and that

‘effective lubricants.do not adversely affect the

properties of end products’ (i.e., they are inert). For

example, 600 ppm of calcium stearate has been added to

polypropylene for the purpcse of acting as an acid

scavenger. See Witco’s Additive Product Guide, Polymer

Additives Group, Olefins/Styrenics, page 2. Calcium

stearate may also act as a lubricant to improve the flow

characterisgstics of the polyolefin resins. Witco, Ibid.,

page 2. Polypropylene resins containing calcium stearate
have been used to make battery separators, i.e., CELGARD®
2400, a single layer polypropylene separator, and CELGARD®

2300, a multilayered separator.



mul til ayered menbrane, as is well understood in the art. The preferred
mul til ayered structure has a pol ypropyl ene/ pol yet hyl ene/ pol ypr opyl ene
structure (PP/PE/PP). The preferred single ply nenbrane is made from
pol ypropyl ene. The exterior surface portion of the nenbrane (a coined term
that refers to the surface of either a single ply or multi ply nmenbrane) is
preferably a polypropyl ene. The pol ypropylene is preferably an isotactic
pol ypr opyl ene honopol yner. Such pol ypropyl ene has a nelt flow index (M)
ranging from1l to 4, preferably, 1.2 to 1.7. Such pol ypropyl ene has a
density ranging fromO0.90 to 0.91 g/cnB. Preferably, these nenbrane's are
produced by an " ext spdee afineak, fetreetdiny reftfload o, a/tileare hes “sdriyi Ista et ch'
or the Celgard nmethod), but may include other techniques such as " sol vent
extraction. ne SetoK%_ﬁleBge Rhe BYRt Rk aRolpaydra iMyyanesselohn Wi ey
and Sons, New York y, NY (1985), incorporated herein by reference. It
has been degg&g}ggg Ehat the pin renoval properties of the separator are
i mproved by e Irnclusion of a netallic stearate in the pol ypropyl ene
exterior surface portion of the nenbrane, preferably at | east 50 ppm of the
-5 nmetallic stearate. The preferred netallic stearate is cal cium
stearate. Preferably, the calciumstearate in the polypropylene is at |east
50 ppm preferably 50 - 3000 SHRENexNdOknéfen EVEntd@ het ween 300 and 600
ppm The anmount of cal cium stearate was determ ned by induced coupl ed
pl asma (|1 CP) anahysesho@h&okownemoringt adpfilndgorhe ipatiteuy asmemb lof
netallic stearate needed to obtain the inproved pin renoval properties. The
upper i m tcoeprbesnghehsaxtepnodnpuntidinghe mepalbitorsiceapatie el :er abl e
before the ri sk,

a microporous membrane having an exterior surface

portion of polypropylene, the polypropylene including at
least 50 ppm of metallic stearate and being adapted to

exhibit a pin removal force < 7100g.

Description of the Invention

A microporous membrane, as used herein, has a
plurality of micropores that extend through the membrane.
The micropores have an average pore size ranging from 0.005
to 10 microns, preferably 0.01 to 5 microns, and most
preferably 0.05 to 2 microns. The microporous membrane
also has a Gurley (ASTM D726B) ranging from 5 to 100
seconds, preferably 10-60 seconds. Preferably, these
membranes are “shutdown membranes,” i.e., having the
ability to stop ion flow between the anode and cathode upon
the onset of a rapid increase in the battery'’s temperature

due to, for example, internal short circuiting. The



that the netallic stearate will dissolve fromthe separator in to the
el ectrolyte and thereby adversely inpact the el ectrochem cal properties of
the electrolyte, becones to great. Such calciumstearates are commercially
avai l able from Wtco Corporation, G eenwi ch, CT under the tradenane of
"Calcium Stearate Regular.' The present invention will be further explained
with reference to the exanples set forth below. The pin renoval properties
were quantified using the follow ng procedure that nmeasures the "pin
removal force ~g~ .. -6 A battery wi nding machine was used to wind the
separator around a pin (or core or mandrel). The pinis a two (2) piece
cylindrical mien@pelrotist hetbFakle &N W aMRiglg1aN6h1q, SRR AR RXIEF 101
surface. Each piece has a sem circul ar cross section. The separator,
di scussed b i 7l e th i3, (TR f ( ial) on
t he separatg%9$§18§§k%§f%gﬁ%r%ﬁgfegffég Fﬁgﬂsé%%%%%%fxﬁggﬁbdﬁgpa%na rate of
ten (10) inghes inftmenty fﬁ%t gzg& econds. Durb%% wi ndi ng, a tension
roll er enga S PRE ?555 af's 6é|H R OT HHE dPel . The tension roller
conprises a 5/8" dianeter, roller lLocated_on the _side opposite the separator
feed, a % PRAYRECPY.EPE/RAY SLEVHENCH PPLYRE OB 181e Fitadsiiies s appl i ed
(when engaged), and a 1/" rod interconnecting the roller and the cylinder.
The separ at 6PP¢BRZP®) s ofhewpreZpriedmmibtgilét WLyx medbrginecds afadehefrom
menbrane being tested. Five (5) of these separators are tested, the results
aver aged, apdlypeopyeeaged ThkuexterieposuedacEapbrpiiese dfs tépl i ced onto a
separator feed roll on the winding machine with a 1"

membrane (a coined term that refers to the surface of

either a single ply or multi ply membrane) is preferably a
polypropylene. The polypropylene is preferably an
isotactic polypropylene homopolymer. Such polypropylene
has a melt flow index (MFI) ranging from 1 to 4,
preferably, 1.2 to 1.7. Such polypropylene has a density
ranging from 0.90 to 0.91 g/cm®. Preferably, these
membrane’s are produced by an ‘extrude, anneal, stretch’
method (a/k/a the ‘dry stretch’ or the Celgard® method),
but may include other techniques such as ‘solvent
extraction.’ See: Kesting, R., Synthetic Polymeric
Membranes, John Wiley and Sons, New York City, NY (1985),

incorporated herein by reference.

It has been determined that the pin removal properties
of the separator are improved by the inclusion of a
metallic stearate in the polypropylene exterior surface

portion of the membrane, preferably at least 50 ppm of the



overlap. Fromthe free end of the separator, i.e., distal the spliced end,
ink marks are made at 1/2" and 7". The j" mark is aligned with the far side
of the pin (i.e., the side adjacent the tension roller), the separator
i's engaged between the pieces of the pin, and winding is begun with the
tension roller engaged. Wien the 7" mark is about fromthe jellyrol
(separator wound on the pin), the separator is cut at that mark, and the
free end of the separator is secured to the jellyroll with a piece of
adhesive tape (1" wide, ~" overlap). The jellyroll (i.e., pin wth
separator wound thereon) is renmoved fromthe w nding machi ne. An acceptable

jellyroll hascpo1Wei BkbgsaBRd NOhbepes¢epirad mEhellald Wrdldrde placed in a
tensile strength tester (i.e., Chatillon Mddel TCD 500-Ms from Chatill on

Inc., @ ?enéQ?EQumNgkgg&g@ﬁ@ l??@f%?'&lklg§o%§§ Eadcdaisrdialiod 4 S 50)-
The strain rate s 2.5 1nches per mnute and data fromthe load cellT is
recorded at_a,rate of 100, poipt e cond. The _peak.force is reported as
the pin renbVaYPFEP¥ ?nﬁh%geﬁgmgggﬁ%aégrggmac€5F5|56%93'5 N@Eﬁ%@?é?W“CCF
(Coefficient of friction) Static was nmeasured according to JIS P 8147
entitled "MERCEOFbr PERERFREAI NGSEWBERI ¢PENENGF CRO BPon Jhepayyurdn®f
Board." _g_ Exanples In Table 1, sanples C1 - C2 and 1 - 2 are single
| ayer pol yptapgienesttarapervas derbranesd by anducedweraprdedmeleisaa y
avai |l abl e nenbranes (prior art, PA) sold under

(ICP) analysis. The lower limit defines the minimum amount

of metallic stearate needed to obtain the improved pin

removal properties. The upper limit defines the maximum

amount of the metallic stearate tolerable before the risk,

that the metallic stearate will dissolve from the separator

in to the electrolyte and thereby adversely impact the

electrochemical properties of the electrolyte, becomes to

great. Such calcium stearates are commercially available

from Witco Corporation, Greenwich, CT under the tradename

of ‘Calcium Stearate Regular.’

The present invention will be further explained with

reference to the examples set forth below.

The pin removal properties were quantified using the

following procedure that measures the ‘pin removal force

(g) .’



t he nanme CELGARD 2400. Sanples 1 and 2 illustrate the present invention.
Each of these sanples was extruded through a circular die at 200C, anneal ed
at 150C with 6% stretch, and stretched, i.e., cold stretch 16-18% and hot
stretch with relax to the anbunt shown in the table. Table 1 Cl1 (PA)C2

(PA) 12Resi nPPPPPPPPM FI 1. 21. 21. 21. 2Total Thi ckness m | 1111Curl ey

10cc/ sec24242424Porosity %10404040Total Stretch %100100100100Cal ci um

St earate ppnB40<12501545Pi n Renoval Force (g) 6500720067006600Avg COF

STATI C0. 360. 460. 420. 36 In Table 2, sanmples C3, C4, and 3 are multil ayered
(PP/ PE/ PP) m croporous nenbranes. C3 and C4 were conmercially avail abl e

pr oduct s, A%%@@@Qﬁgﬁql%q% E;%Cﬁﬁ]@g I;;laaélz,ugeq;sq__ecpt“;ivrgﬁeyétheSarrpl e 3illustrates

t he present inven ayer PP was extru on a circular die at
224C. All tril %%/rers wer e .ann@al ed (1250 arglgﬁ ]g bﬁ/ropded, 133C) with 11%
st r ePERATRIER, HRETE PRids OF FRG & i e o- 2589 REhotS A ret ched and
rel axed for the total stretch listed in Table 2. Table 2 C3 (PA)C4

( PA) 8rResi(RpPPPPPR FYLiREricadT feaidrm ddids & M 116 ipreh diaamatgtkness

m | 0. 360. 360. 36Gur | ey 10cc/sec242424Porosity %104040Total Stretch
94092081689 €nbottimeSteariare pPrHeEE<158RIM Remey dlas-er ce (g) 690073006100Avg
COF STATI C0.560.58 In Table 3, sanples C5, and 4 are nmultil ayered

( PP/ PEMPB) routnepetrows medhrianes. THe wapaatonerdisldgseavai | abl e product
(prior art (PA)), CELGARD 2320. Sanple 4 illustrates the present invention.

ALl pBiBwl aysr tBRewaspe X t&%@dg%.a GieC Wk ide r224C. Al trilayers
wer e anneal ed (125C) and bonded (133C) with 11% stretch. Then, the filmwas

ool dyehhshabed: 5! ORIt e e A e i I nd o
separator is wound at a rate of ten (10) inches in twenty
four (24) seconds. During winding, a tension roller
engages the separator being wound on the mandrel. The
tension roller comprises a 5/8” diameter roller located on
the side opposite the separator feed, a %” pneumatic
cylinder to which 1 bar of air pressure is applied (when

engaged) , and a %” rod interconnecting the roller and the

cylinder.

The separator consists of two (2) 30 mm (width) x 107
pieces of the membrane being tested. Five (5) of these
separators are tested, the results averaged, and the
averaged value is reported. Each piece is spliced onto a
separator feed roll on the winding machine with a 1”
overlap. From the free end of the separator, i.e., distal
the spliced end, ink marks are made at ¥* and 7”. The 4%~

mark is aligned with the far side of the pin (i.e., the



Resi nPPPPMFI 1. 21. 2Tot al Thi ckness ni | 0.780. 78PP | ayer Thi ckness

m | 0. 240. 24Curl ey 10ccl sec2020Porosity %343Total Stretch %422122Cal ci um

St earate ppnkl1428Pi n Renoval Force (g)83006900Avg COF STATI CO. 410. 46 The
present invention nmade be enbodied in other fornms wi thout departing from
the spirit and the central attributes thereof and, accordingly, reference
shoul d be nmade to the appended clains, rather than to the foregoing
specification, as indicated the scope of the invention. -11 In the
claims: 1. A nethod for renoving a pin froma battery assenbly conpri sing
the step of providing a separator conprising: a m croporous nmenbrane having

an exteriorg sy f Ageadoit | e of cROL ¥RT PBY1 80, the Beb¥pEEBY! €BechBabud ng
at | east 50 ppmof” a calcium stearate. 2. The battery separator of Claiml

wherein th | Cl rang b e . 3000 _.p :
pol ypr opyl gkﬁgeew%ﬁj%%é gg{)%érist o?ﬁagzﬁ:%rg'ﬁrﬁ:g ?%égfgﬁgnlégmggr glg)ﬁgijh\tg%h

m croporous_nenbrane further conprises lurality,of m cropores N

t her et hr ough® sEFF IR ricpores 9% anagﬁﬁ aﬁ%ep r eM&F elFaﬁéPHﬁ ¥rom 0. 05
to 10 mcrons, and said nenbrane having a CGurley ranging from5 to 100
seconds. 4.freRe B tigll ekl at SRPIF2EPHI WP eF RSt RENhenbR8ne furt her
conprises a nultilayered nenbrane having a

pol ypr opy!| eseppoitymt hyd engt gt Virloply | maek standtthe. fra@ end. ofheheenbr ane
according to claim4 being a shut down separator. 6. The separator of claim

1 wherein tdeped ngar qpy | Srusadmpre sting PePDyy@Y Dpyl €heawpibca o8lt flow
adhesive tape (1" wide, %” overlap). The jellyroll (i.e.,
pin with separator wound thereon) is removed from the
winding machine. An acceptable jellyroll has no wrinkles

and no telescoping.

The jellyroll is placed in a tensile strength tester
(i.e., Chatillon Model TCD 500-MS from Chatillon Inc.,
Greensboro, NC) with a load cell (50lbs x 0.021lb; Chatillon
DFGS 50). The strain rate is 2.5 inches per minute and
data from the load cell is recorded at a rate of 100 points

per second. The peak force is reported as the pin removal

force.

Gurley was measured according to ASTM-D726(B). COF
(Coefficient of friction) Static was measured according to
JIS P 8147 entitled “Method for Determining Coefficient of

Friction of Paper and Board.”



i ndex between 1 and 4. 7. The battery separator of clainms 6 wherein the
pol ypropyl ene is a polypropylene with a nelt flow i ndex between 1.2 and
1.7. 8. A nmethod for renoving a pin froma battery assenbly conprising the
step of providing a separator conprising: a mcroporous nenbrane having an
exterior surface portion of polypropylene, the polypropyl ene including at

| east 50 ppmof a netallic stearate; a nenbrane thickness <1 ml (25
mcrons); and a pin renoval force < 7100g. 9. The battery separator of
claim8 wherein the netallic stearate is a calciumstearate. -13 10. The
battery separator of claim9 wherein the calcium stearate ranges between 50
and 3000 ppm of the polypropylene. 11. The battery separator of claim9
wherein the cal cium stearate ranges between 300 and 600 ppm of the

pol ypropyl ene. 12. The separator accorg} fo;claim8 wherein the
m cr oporous nenbrane further conprises—éﬂgiurality of m cropores

t heret hrough, sai.d mj cr.opqres havin n average, pore size rangi rom 0. 05
to 10 microns, and ?ﬁ%&eﬁgwbﬁfﬁ@\iﬁﬁﬁﬁg a ngra}q’é%/p]r andl mrs r%lng%f o{?ﬁ@r
seconds. 13. The battery separator of claim8 wherein the nenbrane further
conpri ses aPRHYRLCHYESEE MErBiondd Ry ifgranes. Cl and C2 were

pol ypr opyl ene- pol yet hyl ene- pol ypropyl ene structure. 14. The nenbrane

accor di ng t cormeEnnitd lyeiavgid abdet meovar anssar @iior Bt THRA)S epaldit wndef
claim8 wherein the pol ypropyl ene conprising a pol ypropylene with a nelt
flow the name CELGARD® 2400. Samples 1 and 2 illustrate the

present invention. Each of these samples was extruded
through a circular die at 200°C, annealed at 150°C with 6%

stretch, and stretched, i.e., cold stretch 16-18%, and hot

stretch with relax to the amount shown in the table.

Table 1
C1(PA) C2(PA) 1 2

Resin PP PP PP PP
MF) 1.2 1.2 1.2 1.2
Total Thickness mil 1 1 1 1
Gurley 10cc/sec 24 24 24 24
Porosity % 40 40 40 40
Total Stretch % 100 100 100 100
Calcium Stearate ppm 340 <1 250 1545
Pin Removal Force (g) 6500 7200 6700 6600
Avg COF STATIC 0.36 0.46 0.42 0.36

In Table 2, samples C3, C4, and 3 are multilayered
(PP/PE/PP) microporous membranes. C3 and C4 were
commercially available products, CELGARD® 2300 and CELGARD®
E162, respectively. Sample 3 illustrates the present

invention. All thin layer PP was extruded on a circular

die at 224°C. All trilayers were annealed (125°C) and



i ndex between 1 and 4. -14 16. The battery separator of clains 15 wherein
t he pol ypropylene is a polypropylene with a nelt flow i ndex between 1.2 and
1.7. 17. A battery separator with inproved pin renoval properties
conprising: a mcroporous nmenbrane having a pol ypropyl ene surface portion
including at | east 50 ppmof a netallic stearate. 18. The battery separator
according to claim 17 wherein said netallic stearate being a cal cium
stearate ranging fromb50 to 3000 ppm 19. The battery separator according
to claim 17 wherein said pol ypropyl ene having a nelt flow index between 1
and 4. 20. The battery separator according to claim 17 having a pin renoval
force < 7108gnde=db (1A%A Zwiclk P14 s€rdBcB. ASTReAY tAeFfl18S%alUcolf VY. AU3
e. A{3 R Ah. AALe

e s e e o

total stretch listed in Table 2.

Table 2

C3 (PA) C4(PA) 3
Resin PP PP PP
MFI 1.2 1.2 1.2
Total Thickness mil 1 1 1
PP layer Thickness mil  0.36 0.36 0.36
Gurley 10ce/sec 24 24 24
Paorosity % 40 40 40
Total Stretch % 109 109 109
Calcium Stearate ppm 492 <1 584
Pin Removal Force (g) 6900 7300 6100
Avg COF STATIC 0.56 0.58

In Table 3, samples C5, and 4 are multilayered
(PP/PE/PP) microporous membranes. C5 was a commercially
available product (prior art (PA)), CELGARD® 2320. Sample
4 illustrates the present invention. All thin layer PP was
extruded on a circular die at 224°C. All trilayers were
annealed (125°C) and bonded (133°C) with 11% stretch. Then,
the film was cold stretched at 20-25% and hot stretched and

relaxed for the total stretch listed in Table 3.

-10-
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Ay| w mhc”Y] ] ca] ca] ca] ca] ca] ca] ca] ca] cajaddl]eca ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
cal] ca] ca] ca] ca] ca] ca] ca]ca]caV]ca] ca!y' az{( S8t
F}xsni d_Z]]] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] eglrm] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca'%)Z
PEN zV LI L] """ " #DHRESHY g # S
SVH{ $| $$} xsni d_ Z]]]ca]ca]cg#ca]ca]ca]ca]ca]cﬁ]ca]ca]ga]ca]ca]ca]ca]ca]ca]ca
] ca] ca] ca] ca] ca] ca] ca] ca] cahiapiiRh&almal cal $SBSSISWREL AIBBOBRI2 ENBEZEL.
"SWA Y U (| wihe”MY] ] ca];cgg,h,cﬁ,],&a]sga] ca] gajcal Céﬂﬁ a] ca] ca] ca) calca]calc

Aedeal cal calgpl cal | 06 ()))) *x)rer ¥ * ¥ ++Ht+++

a ca?ca] ca] ca4scal caj gg] ca] ca] ca] ca] ca] ca] ca]
@jcaljcalcy a]cal22 ..... /1 0@z000000- 191
j ca] cg ca] C a]J ca] ca] ca]ca] ca] ca]ca
@]ca ]cal g a) cal 222222223+3, 3MVB}

f a] cglgal ca] Cal ca] ca] ca] ca] ca] ca] ca]
a?cafca ca]ca]ca]ca]ca]ca]ca]ca]cal)6*6E6266666

ca] ca] ca] ca] ca] ca] ca] ca] ca Gt
DIE1k11111122/ 2>2p2x2y22| wg
] ca] ca] ca] ca] ca] ca] c”a] ca]
333333' 474 _44445. 5\ 5555556?
cal calca]cal ca]ca]ca]ca]calc
666777C7R77777778828 8;

8F868X8Y8rr888}x calca] ca cal cal ca] ca]
ca] ca] ca] ca] ca] %%\%%é%cja e % o %a"}‘%(g%c%% % gacghegtrelealenl
without departing from the spirit and the central
attributes thereof and, accordingly, reference should be

made to the appended claims, rather than to the foregoing

specification, as indicated the scope of the invention.
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9/.909F9z9999": 9: Art::::

s @up vzl <k<}xsnid_Z]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]cal
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! k<t <<<<F9z9999": 9:
At

s @u; vz <k<pxsnid_Z]]]ca] cal cal ca]ca] ca]ca]ca]ca]calcalca]calcal
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca

(?niK-9"10% & ()-10% & ()-10% & ()-10% & ()- @&10% & ()-Lnl0% & () -$10% &
()-$]CGK-&!'10% & ()-"10% & () -

10% & ()-310% & ()-10% & ()-10% & ()-y1l0% & ()-C~( i K-3s!10% & () - Of
10% & ()-. 10%tde()r1admbld% & ()-s*10% & ()-Y(10% & () - @&

10% & ()-W*+, CiK3sTI0O% & ()-s! 10%m& ()- "~ 10%& ()-10" 1010 :10% & ()-Y7
10% & ()-5'10% & ()-1)i K-Kyz10%& ()- "!'10%& ()-F 10%r& ()-10%r& () -
10%m& ()- 10%& ()-10%%& ()-)e O iK-K , 10%& ()-GS10%& ()-'

109%18' () - % 10%1&., () - #: 10%0& { )t 1Q%r& () - M_1Q%78 () - <i K- K

s! 10tym(&') () - 9310%%1(&') 0 Aa%%%‘f( 3’%&%‘8@%&% (’%Q%%zﬁg%%é? F. 310%r&' ()
-<@BCs i K@s' 10%g& %) - m,09Z& %)h 10928 ()-s109@Z& ()-F

10928&' () - 10REERITEA¥1GRTEPLE Fhe |§hekcio@ Vit £]HaKAEze () - L
1092& ()-F 1 109%& () -, 109%Z& () - 109Z& () - $Xi K- KsO@

1092& () - F. FROBZESENG:, 109Z8& () -*2109%Z& () -

1092& () - UGLO09ZE () - #109Z& () - <wh si KsO@ 1092& () -

10%4| & () - 10Z10Za0@82t0ep&ronsl m8id¥asie( havint0Ws etedzior surface

109Z& () --ai K- K9109%| & ()- 10%}| & ()-10%4| & ()- 10% & ()- &

10%4| & () - 1984t &oh) 0818%llyEropyIanc)i Kkt Bk op)-Desiel Q%H 1% d)ng @t
10%] & ()- 940%| & ()-#10%4| & ()- YAL0%| & ()- @0%| & ()- X ji K-K 10%| & ()-8
109%] & () - 64 109 8o ( bphz 5@%A| &iafl kit QML) 90 10%] &' () -

"GLO%| & ()-RiTK: 10081 & ()- GLOSZE ()= y109&& ()-  109%& ()-, 3

109Z& () -104| 104| 104| >10%| & () - T*i K- K10%&Z& () - f 109Z& () - LF109Z& () -3
1092Z& ()-109&2& () - 109%Z& () - S9! 109Z& () - *c: mi K- K3. -

1092& () -, 109Z& () - *109Z& ()-' 1092Z& ().-%0%Z& (- #10%Z&. ().~ 'S

1098 8-4| i KA71é)2102 11‘8%%5??}’; STB%@{F)'{- 6’%1 &7 ){z é’{’gﬁéz“( ehe
4s109@& () - 010%Z& ()-Z } A710Z:! 109%G& ()-S

10938 () ( 2 ! %@E&“‘(‘) %ﬁﬂ%@@&rﬁg‘eslé@&%ﬁ §0169€30P01 8P"np faitieer 4T
10968 ()-! T 109%G& () -1 10%3& () - Ss! 1098 () -9

10968 () - 31ROELLYIPIBSRR" () - (Si K- 76y 10%3& () - 410%3& () -

3. The separator according to claim 1 wherein the
microporous membrane further comprises a plurality of
micropores therethrough, said micropores having an average
pore size ranging from 0.05 to 10 microns, and said

membrane having a Gurley ranging from 5 to 100 seconds.
4., The battery separator of claim 1 wherein the

membrane further comprises a multilayered membrane having a

polypropylene-polyethylene-polyropylene structure.
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y2y109%&' ()-3. 109%&" ()- , 109%& ()-' 1096 () -9 10%& ()-8ti K6yl0%=&' () -
910%@&' ()- !'10%@& ()-3 10%& ()-Y 10%a& ()- 10GLOGLOGL10%% ()- F% i K-K
10%@& () -10%@& ()-sz10%@& ()-Yg 10%a& ()-F@! 10%@& () - &10%@& () - 10%a& () -
Z TE!'z!'i K- KO10%@&' ()-1.F10%@& ()-S, 109 ()-(10%& ()-%

109 () - #10942&' ()-!z1094@& ()-z!!!""]"""""i KA7T10@O0@10%a' () -S;

F10%@& ()-&9S 10%@& ()-7 10%a& () -4f 109%a& () - 2f

109%@& () -"""#D#y###} A710@O0%& ()-s10%& ()-S10% ()-, 10%&k ()-s10%&k ()-F
1109 () -10@ BVIPPSUKY K- 798! 109K () - #&10%&' () - !'y109%&' ()-y 109%& ()-°
109 ()-F109& ()-, 10%&' () - K®BABAR&M&&E K- 76 109&' ()-4 10%&k' ()-|I

2109%& ()-1.&10985( ) - , Thd Ombratie! 4688 ng380%E1 61 m&ESBEE&R A EKOE -
109 ()-2z10%Z& () -

10%Z& () - SL&%%&-& ng&Qép>10%&'() &IY10% ()-A}' "% (((i K-K

109%Z&' () - @AO%Z& %- 10%2& () -y

109%Z&' () - SlO%Z&f()-ZlO%Z&f()-!10@Z&T()-(((((((l?-K 109 ?pZ " 109%Z&' () -
"10%Z& ()- "10%Z& ()- "10%Z& ()- "10%Z& ()- (((((((i?-K 109 ?pZ
"109%Z& "10%Z & "109%Z& "109 - "10%Z& i ?2-K
10% ’?pZ(')'10°/<Z&' (§- (')'“i}éﬁ/a%ﬁef)‘raégﬁo@/&&c{zlm 11@@@&%? tl(l@lO‘V<(Z<(&'(E§(
(CC(C((1?-K 1099 ?pZ "10%Z&' () - "10%Z&f(i "109%Z&' ()- "109%Z&' () -
"109%Z& () - R9$¥Q§prﬂ¢QQO@@mEQ?SHEBQ@JP? ypropygZene)with19o@glt) flow
"10%Z& ()- "10%Z& () -

index between 1 and 4.

7. The battery separator of claims 6 wherein the
polypropylene is a polypropylene with a melt flow index

between 1.2 and 1.7.

8. A method for removing a pin from a battery
assembly comprising the step of providing a separator
comprising:

a microporous membrane having an exterior surface
portion of polypropylene, the polypropylene including at

least 50 ppm of a metallic stearate; a membrane thickness

IA

1 mil (25 microns); and a pin removal force < 7100g.

9. The battery separator of claim 8 wherein the

metallic stearate is a calcium stearate.
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)1)$)')*)-).)i?-K 10% ?pZ "1092& ()- "10%& ()- “109Q& ()- "10%& ()-
1092& ()- .)>)B)F) )N Oi ?-K 10% ?pZ "109@& ()- "109&& ()- "109@& ()-
"100Z& ()- "10%& ()- O d)h)k)o)t)u)i?-K 10% ?2pZ "10%&Z& ()- "10%&Z& ()-
"100Z& ()- "10%Z& ()- "10%& ()- u)))))))i?-K 10% ?pZ "10%&Z& () -
"100Z& ()- "109Z& ()- "109%&Z& ()- "10%&Z& ()- )))))))i?-K 10% ?pZ

"100Z& ()- "109Z& ()- "109Z& ()- "109%Z& ()- "109%&Z& ()- ))))*e***bA-K

109 710% & ()- 5109 & ()-( 3'10% & ()- 3110% & ()- /Z10% & ()-

"109@& () - *++ +++Hr++vU4 10% & ()- S@10% & ()- @10% & ()-10! 10! 10!

>109 & ()- F:MLO% & () - +++++++c?2vi4 #3t B

, 1098 & () -, 1098 &1Q) -, Toes RafFery0HegafpL orQWEL clp-irmB+wherily the
# 108 & ()-#3tB, 108 & ()-,10B & ()-,108 & ()-,10% & () - +++++++{_?v4
, 1098 & () -, ¢8%c&ufh) s#3uBate%&nbks, beYwéef) 5,01@%:1&'3(0)0-0+pp1n of BH#
, 108 & ()-,108 & ()-,10% & ()-#3tB,10% & ()-,10%8 & ()-,",#,3,6,9,<, 7VU4
, 108 & () - %g3@§r§§ 1égé6&.() , 1098 & () -#3tB, 10% & ()-<, =, H K N, Q R <vU4
#3t B, 10% & é 096&.() 096&f()-#3tBR,b,f,j n, "DvA4
#3, 1098 & () - #3t B, 10@6&.() 0@6&.() 108 & ()-,10% & () - ,,,,,,,{_°VU4
#,10% & ()-,10% & () - #3t B, 1096&.() 1096&.() ,10& () -,y ,,,, _2vUA
% & 0 0 0
g%&gé&g,é?()lo/a A;?&?%g4%§t£ér§3%§p%ga or of %94&% wherel% tﬁ%PVU4 #
10%>'& ()-t,108 & ()-#3tB, 108 & ()-s---" | [:-410>! >10%! & ()-&
10:109%! & (Faigivmssueapake yaase§l@e¢wean(?00 pndys0g ppm of the
's110%! & ()-. .. ... dD410>! 1S 10%! & ()-1S 10%! & ()-1S 10%! & () -
910%! & () -polypropylene.
10%! & ()-10>110>0 . ... .. .. hL, 4l S 10%! & ()-1 S 10%>'& O)-"n IS 10%!& ()-1S
10%! & ()-1'S 10%>'& O)-"n_..... /11eG+4l S 10%! & ()-'n | S 10%! & ()-1S 10%!

& ()-1S10%!& ()-'n IS 10%>|&() I1118&)1,1eE+4l S 10%! & ()-1S 10%! & ()-|

S 10%! & ()-1S 109! &rHe - s&patStdBletéotdihg 48%1&ih) 8, hinbreAnELReEl/ "/ hL, 4
1S 10%! & ()-1S 10%!& ()-'n IS 10%1& ()-15 10%! & ()-1S 10%' & ()-' n_~/ b/

Iyl ~1111 5 ! T1s1
8%>>'| 20 -fﬁ#/o‘é‘%ﬁ%ﬁ%@gﬁiﬁ@) é@%@;é&r(& tln1§r_3.:9e@ & blokn 10%LE ()-'n

& (0)-1S 10%; & ddordsd 0ok dubh; 'é%%&gﬁ §r£g09§@29999880L8b96E§ag%

pore size ranging from 0.05 to 10 microns, and said

membrane having a Gurley ranging from 5 to 100 seconds.

13. The battery separator of claim 8 wherein the
membrane further comprises a multilayered membrane having a

polypropylene-polyethylene-polypropylene structure.

14. The membrane according to claim 13 being a shut-

down separator.

15. The separator of claim 8 wherein the
polypropylene comprising a polypropylene with a melt flow

index between 1 and 4.
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18. The battery separator according to claim 17
wherein said metallic stearate being a calcium stearate

ranging from 50 to 3000 ppm.
19. The battery separator according to claim 17
wherein said polypropylene having a melt flow index between

1 and 4.

20. The battery separator according to claim 17

having a pin removal force < 7100g.
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