1 1 SEP 2003 SHUTDOWN BATTERY SEPARATOR MADE W TH A BLEND OF POLYMER AND
OLI GOMER Field O The Invention A shutdown separator for an 1e$ mnpchem cal
cell and the battery made therefromare disclosed herein. ckground O

The Invention In lithiumion rechargeable batteries, shut dovvn separators
are used as part of the overall battery safety system Specifically, there
is a need, in these batteries, to prevent, or substantially reduce the

li keli hood of, thermal runaway which may arise fromshort circuiting
caused by, for exanmple, physical danage, internal defect, or overcharging.
Shut down separators, ty@ERIPOYN BREERY [SEPRRARORMPDEechar geabl e cell's,
will shutdown (i.e., ViFH| &iBWRNDDOFePOLMER cANID QIJBGSMERt i al |y stop ion or
current flowwithin the cell) around 130C (the approximte nelting
tenperature of polyethylene) Battery producers wi sh to have separators that

shutdown at even |ower tenperady @3 TRE [hGESESHH safety. To that end,
several alternatives have been proposed, but none, apparently, have

di spl aced t hepSepat 41,01 S« 1306 STt %@v%éﬁzggggmﬂ 'cRARalid/enel ncl ude

mul tilayer separa vi‘ng a par I stretch nenbrane or a
phase i §| on ne ra_g th hav‘g h]ftdo eratures bel ow 130C.
Accor di n ?é efKePadF st It bf °05re errperature shut down

separator. Summary Of The Inventl on The |nstant invention is directed to a
battery separator

Background Of The Invention

In lithium ion rechargeable batteries, shutdown separators
are used as part of the overall battexry safety system.
Specifically, there is a need, in these batteries, to prevent, or
substantially reduce the likelihood of, thermal runaway which may
arise from short circuiting caused by, for example, physical
damage, internal defect, or overcharging. S‘nutdoﬂrn seperators,
typically used in lithium ion rechargeable cells, will shutdown
(i.e., sufficient pore closure to substantislly stop ion or
"current flow within the cell) around 130°C {(the approxinate

melting temperature of polyethylene).

.Eattery éroducers wish to have separators that shutdown at
even lower temperatures for increa;ed safety. To that end,
several alternatives have beeﬁ proposed, but none, epperently,
have displaced the separators with 130°C shutdown. Those

alternatives include multilayer separators having a perticle



i ncluding a m croporous polyol efinic nenbrane having a porosity in a range
of 30 - 80% an average pore size in a range of 0.02 - 2.0 rqipsg;ngmjand
bei ng made froma bl end of a polyolefin polymer and an ol i goner a

pol yol efinic polymer. Detailed Description O The Invention The instant
invention is directed to a separator for a battery (or cell). The battery
may be amyehaht eeybtired oxoal pghatredaivier sfioomrendgrase - of Batdppeat or havi ng
the ability to shutdown the ion (or current) flow between the battery's
anode amgteRiModempar s 0ERENBE14W 1B0S0ort circuit. An exanple of such a
battery is a lithiumbattery, particularly a lithiumion rechargeable
battery. A battery typically conprises an anode, a cathode, a separator
sandwi ched between the anode and the cathode, an electrolyte inionic

contact with.the anode and the.catha vi g the rater, ge
(e.g. a can &chr%6PPf%a55q‘e\Kﬁi %%aal#fq%ﬁ:}r%odgaecdggt%gi %s%ﬁe a?fo‘%e, the

cat hode, the separator, and the electrolyte. For conveni ence, the

i nvent i ghulidqwibsepagetPhed with reference to a Iithiumion rechar geabl e
cell having a liquid organic electrolyte, but the invention is not so
limted. The separator is a mcroporous nenbrane. It nmay be a single ply
or multi-ply nmenbrane. Al separators should have sufficient nechanical
strength to withstand the rBgomaryfOfbdheedynvesntibact ure and battery use.
Additionally, the separator should have sufficient thernmal stability and
shut down capatré i fnstanthenveltishabs | diyeceédrsotd Hateergnisepasassorbility to
substantially maintain its physical dinension during the abnormal

condi ti oNgc BS8 054 & @ Wobbrde iRl oI sNEMBY HemEraidliRivahlgea porosity

in a range of 30 - 80%, an average pore size in a range of 0.02 -
2.0 microns, and being made from a blend of a polyolefin polymer

and an oligomer of a polyclefinic polymer.

Detailed Description Of The Invention

The instant invention is directed to a2 separator for a
battery (ér cell). The battery may be any béttery that would
.benefit from the use of a separator having the ability to
shutdown the ion (or current) flow between the battery's anode
and cathode in response to a short circuit. 2&n example of such a
batter.y is a lithiuvm battery, particularly 2 lithiuvm ion

rechargeable battery.

A battery tvpicelly comprises an anods, a cathode, &
separator sandwiched between the encde and the cathode, an
electrolyte in ionic contact with the anode and the cathode via

the separator, and & packege {e.g. a cen or a foil bag) which



shrinkage at elevated tenperature, and able to prevent phySiC?%&P%&ﬁtaCt of
I togF r

anode and cat hode at el evated tenperature). Shutdown capabi1 ers to
the nenbrane's ability to substantially close its pores, through which the
el ectrolyte's ions conduct current flow between the anode and the cat hode,
as aresult of thermal runaway. Shutdown should occur at a tenperature of

less thapcd3Ps €hbi snvisk! bee iddtustiedt etid Rephgat e, deldaiche bel ow) and
shut down shoul d occur sharply (e.g. the breadth of tenperature response

for shut ﬂ%\@“%@a&%” OWDraPQﬁl%?rﬁT,e%c@ . tlhl% tih'ﬁfeﬁ{ﬁ%noiziilh%esB@Qiﬂblé'dy

separatg nical " Stren thérmal stability, and shutdown capability

all reside. in the single p 3.1.1 SEP 2003 t he : - ply
separ at ith & er?&ree%c’( Brﬁ‘é}f’%ﬂﬂ v T h &S RG2S p6r Bﬁlsfqn%%%ﬁénagsl c utr%lgri se
the separator. Typically, at |east one nenbrane proviggﬁfsufficient

mechani calgarste endiat iy tehePihl the dBIVentiomniy @04ndP he™Eibr ane provi des
the shutdown capability. A multi-ply separator nay be made in any nunber
of ways, but preferably by nmaking individual nenbranes which are
subsequently bonded together for exanple, by lamnation (i.e., heat and/or
pressure), orrThy Seaddtiy Qr. al Ridhepd osuermembiutievi dlal mageibr antsnaddy be
ei ther m croporous or non-porous prior to bonding. The m croporous

”E”braneﬁlgaxknﬁuﬁﬁb&ﬁy ARk . Stab | séya FBYoPe driled have exafipt Bentby
y

either a d stretch or solvent extraction nmethod. Such nenbranes are

Carol | nat e Cehant s Py P TRD T a8bts (drepmelhariotte, Torth
manufacture and battery use. Additionally, the sepzrator should
have sufficient thermal stability and shutdown capability.
Thermal stability refers to the membrane's ability to
substantially maintain its physical dimension during the abnormal
conditions associated with thermal runaway (e.g. tolerable
shrinkage at elevated temperature, and ablé to prevent physical
contact of anode and cathode at elevated temperature). Shutdown
capability refers to the membrane's ability to substantially

~ close its pores, throﬁgh which the electrolyte's ions conduct
current flow between the anode and the cathode, as e result of
thermal runaway. Shutdown should occur st a temperzture of less
thaﬁ i30°(_1 (this will be illustrated in greater detzil below),

and shutdown should occur sharply (e.g. the breadth of

temperature response for shutdown is narrow, about £-5°C).

In the case of the single ply separztor, mechaaicel
strength, thermel stzbility, and shutdown capability ell reside

in the single ply.



Japan, and Tonen Corporation of Tokyo, Japan. The m croporous nenbrane
havi ng sui tabl e shutdown capability is the instant invention. The

separator, e.g. for a lithiumion rechargeable battery, has a HinyEPkiiBs s

|l ess than 3 mls (75 mcrons) and, preferably, a thickness in the range of
3 to 75 mcrons and, nost preferably, 1in the range of 5 to 37 mcrons. The
separator has porosity in the range of 30 to 60% preferably, in the range
of 35 to 60% The pore size is in the range of 0.02 to 2.0 m crons,
preferably, 1,0:04 t8:s0.&F @ auvhs-plihesepepatator thasokh "GFE ey Number of 1 to
4 11SEP 2003 150 seconds, preferably, 7 to 80 seconds. (C:lqul ey nunber
as used herein,re - POUN G e fcempiDsectiaf saperaton?. 2

i nchesqérfre%trg?ﬂ Ofcgfge)t lt&%‘éé ¥ o

ass’ through one square inch of menbrane.) The inventive

m cr oporous pal yol ef | ni c_ nenbr i rm%,-fdegﬂ & rblkeagk gf=cdapdtydl ef i n
pol yrrerTYé?i’cFaaiLr?' ol iaéoL%?stonae Bo‘qug%%%i nic. pol ysrlfler Pol yner, as used
herein, refers to a |long chain g}el ecul.ar structure

. 1 H d. .
del et i ot xEngtdnowsk shegBal HEPLLFGh 1 Tbaht 1379 npgcfnlemb% Brbbeqegdition or

I'ts physical
properties. An oligonmer, as used herein, refers to a_s _.GRakp pol yner
whose tmepsntidwchangbihith t AeMaHeiTRbh %‘?parrear}"l?\fafnaﬁ?g% F’\jg%rgepeati ng

units (or nononer). The oligonmer does not have to be ma e_.fr()e%rgpl%ssarre
repeat i agyUpikisef osf maysreb)t g efRrsapdyyhermakied PsiyrdYecdifenplated for
use in the instant application refer to ones based on C G T peati ng
uni ts (Qf:BRNQRET Jubdddt@nise, borideel obpgbher EontexaitadedP¥ of2MIdE H& i n
refer to C, - C, based nononers. Polyners include polyethyl ene,

pol ypr ORél.%D?’ heBP! MRUtoH @ressaryl ,polry gt hypkpenteien - PAIny BRI I s

jpreferre
individual membranes may be either microporous oI non-worous
prior to bonding; The microporous membranes having svitable
thermal stability may be made, for example, by either z dry
stretch or solvent extraction meihod. Such membranes zre
commercially available from, for example, Celgard Inc.,
Charlotte, North Carolina, Asahi Chemical Industry, Ltd., Tokyo,
Japan, and Tonen Corporation of Tokyo, Japén. The microporous

membrane having suitable shutdown capability is the irnstant

invention.

The separator, e.g. for a 1ithium ion rechargezsblsz battery,
has 2 thickness less than 3 mils (73 microns) and, preferably, a
thickness in the range of 3 to 75 microns and, most preferably,
in the rznge of 5 to 37 microns. The sepgrator has porosity in
the range of 30 to 80%, preferably, in the range of 35 to 60%.
The pore size is in the range of 0.02 to 2.0 microns, preferably,

0.04 to 0.5 microns. The separator has a Gurley Nurzsr of 1 to



and hi gh density pol yethyl ene (HDPE)
ol i goner

6000. Most preferred is a polyethyl ene wax
t he range -of 200 - 5600. The
together, so that the oligoner

pol y”erlgahgecehsa,dspmr@gmpr i serd e dedtamda0% hpundeghturdidarggfensedmost 1
1SEP i

Is nost preferred. The preferred
I ncl udes pol yet hyl ene wax having a nol ecul ar weight of |ess than

havi ng a nol ecul ar Wi §ERt7083n
pol ymer and ol i gonmer are bl ended (or m xed)

Is uniformy distributed throughout the

003 preferred are in the range of 2 - 40% digonmer is chosen so
that it is

y bt t : # dthazt.or egoi
rrenbran}égrss‘gsggife?%ﬁ}gqﬁlgﬁa%mt be Poly BSr FXRIPLESa® regoi ng

ow. Exanples The follow ng exanples utilized
the ingredients set out, in Tabl %xl' Pe&g

en % 5 .ef.8r SediOraneeight
per cent 1PGheB @ HAEST KhP \RESGhE IO &Y eﬁ IFF( ﬁ&cglnfg?De%si ta;I\/EI t
Tenperature erc (C)Crystallinity HDPE1O. 9613576 HDPE220. 9613478

d i gomer 3100 PEWAX15000. 96119 PEWAXx10000. 9611193 PEWAx8500. 9610599
PEWAX7250. 9510189

The inventive microporous polyolefinic membrane is made from
a blend of a polyolefin polymer and an oligomer of a polyolefinic
polymer. Polymexr, as used herein, refers to a long chain
molecular structure in which the addition or deletion of monomers
does not significantly impact its physical properties. An
oligomer, as used herein, refers to a short chain polymer whose
properties change with the addition or removal of the repeating
units (or monomer). The oligomer does not have to be made from
the same repeating units (or monomer) as the polymer. The
.bolymer contemplated for use in the instant application refer to
ones based on C; - C; repeating units (or monomer}. Likewise,
the oligomer contemplated for use herein refer to C, - C; based

_ monomers. Polymers include polyetﬁylene, polypropylene,

polybutylene, and polymethylpentene. Polyethylene is preferred,
and high density polyethylene (HDPE} is most preferred. The
prefe?red oligomer includes polyethylene wax having &z molecular
weight of less than 6000. Most preferred is a polyethylene wax
having a molecular weight in the range of 200 - 5600. The
polymer and oligomer are blended (or mixed) together, so that the
oligomer is uniformly distributed throughout the polymer. The

blends may comprise less than 50% by weight oligomer, most



PEWAX6550. 949408 PEWAX6000. 948995 1 Fina 7208 commercially avail able from
Fina Gl and Chem cal Co. of Dallas,

Texas. 2 Escorene 7845 coume%[q;j ﬂhj y
avail abl e from Exxon Chem cal Co. O Houston, Texas. 3 PEWAX's 'ar

comercially available from Baker Petrolite Polynmer Division Co. of Sugar

Land, Texas. Thirty percent by weight P 1 hand.{jdxgdsyi th 70%
HDPELl. Phefsiresd RAs %a&t%déax‘é? 0118%0 to for m%gqu}gﬁ%r fﬁ:e }#Bisl mi 1 SEP 2003
was anneal ed at 100C for 10 m nutes then stretched on an Instron at 95C.

The resthig drte iseeasily ibdendppe 2ithptke PAVTRFHDPEL Bl end Thi ckness
(ml) 0.64 0.50 Gurley (sec) 54 Porosity ($) 30 45 1 35 Shutdown

Examples of the foregoing membranes are set forth below.

Examples

The following examples utilized the ingredients set out in

Table 1. Percentage (%) refers to "weight percent” or "percent

by weight.”

Table 1

Melt Temperature Pexce?t.

Polymer Density (°C) Crystallinity
HDPEl® 0.96 135 76
HDPE2* 0.96 134 78
Oligomexr’ _
PEWax 1500 0.96 ‘ 119 12?
PEWax 1000 0.96 111 S
PEWax 850 0.96 105 99
PEWax 725 0.95 101 2:
PEWax 655 0.94 94 ;5
PEWax 600 0.94 B9 S

! pina 7208 commercially azvailable from Fina 0il and Chemical Co.
of Dallas, Texas.

2 pscorene 7845 commercially available from Exxon Chemical Co. of
Houston, Texas.

3 PEWax's are commercislly available from Baker Petrolite Polymer
Division Co. of Sugar Land, Texas.

Thirty percent by weight PEWax 1000 was hend mixed with 70%

. 1
BDPE1. The blend was extruded at 190°C to form & film. The film




Tenperature (C) 130 121 Thirty percent (30% oligoner/70% polymer bl end
filme are nade by an extrude/anneal /stretch (i.e., dry stretch)] pggbﬁ&}s.
The results are set out in Table 3_ Table 3 Thickness Gurl ey Shu tdown
r(Ml)(sec) Tenperature (C) 100% HDPE1 0.65 21 1 130 30% PEWAx 1000/ 70%
HDPE10. 47131115 30% PEWAX 1000/ 70% HDPE10. 60141117 100% HDPE20.82421130 30%
PEVax 106/ Z6%=HDRE261 88261603094 PEWIXE 4900 719% HEPELSd B AM I8 STRE  ef f ect

of different concentrations of oligoner on the blend are set

in Tabl e 4.
11SEP20Q@ Tabke ATHbi ek6gBts are set out in Table 2.
Table 2
Shutdown
Thickness | Gurley | Porosity Tempeorature
(mil) (sec) (%) (°C)
100% HDPE1 0.64 54 30 130
Blend 0.50 45 35 121

Thirty percent (30%) oligomer/70% polymer blend films are
made by an extrude/anneal/stretch (i.e., dry stretch) process.

The results are set out in Table 3.

Table 3
Shutdown
Thickness Gurley Temperature

(mil) (sec) (°C)
100% HDPE1 0.65 21 130
30% PEWax 1000/70% HDPE1 0.47 13 115
30% PEWax 1000/70% HDPE1 0.60 14 117
100% HDPEZ 0.82 42 130
30% PEWax 1000/70% HDPz2 0.88 25 . 116
30% PEWax 1000/70% HDPLZ 0.%6 34 118

The effect of different concentrations of oligomer on the

blend are set in Table 4.




Gurley (mil)(sec) 10% PEWax 1000/ 90%HDPEL0. 7822 20% PEWAX 1000/ 80%
HDPE10. 7031 30% PEWAx 1000/ 70% HDPE10. 5224 40% PEWAXx 1000/ 60% HbREPEIBS33

The effect of oligoner variants on set out
Tenperature (C) 125 123 122 121 shutdown tenperature are tdown Sh Thi ckness

E&)sec) Tenp
30%°PEWAx 1000/ 70%+DPE10. 7031122 122 Table 4

Qurl ey u 309%PEWAX1500/ Z0%IDPEL(M | )

in Table 5. Tabl e 5 Shut down

erature 0.5713(C) 124

Shutdown
Thickness Gurley Temperature
(mil) (sec) (°C)
10% PEWax 1000/90%HDPE] 0.78 22 125
20% PEWax 1000/80% HDPE] 0.70 31 123
30% PEWax 1000/70% HDPE1 0.52 24 122
40% PEWax 1000/60% HDPEL 0.58 33 121
The effect of oligomer variants on shutdown temperature are
set out in Table 5.
Table 5
Shutdown
Thickness Gurley Temperature
(mil) (sec) (°C)
30% PEWax 1500/70% HDPE] 0.57 13 124
30% PEWax 1000/70% HDPEl 0.70 31 122
30% PEWax 725/70% HDPEL 0.92 42 122
30% PEWax 600/70% HDPE] 0.64 18 120

The effect of multi-component oligomers on shutdown

temperature are set out in Table 6.

Table €
Shutdown447
Thickness | Gurley | Temperature

(mil) (sec) (°C)
15/15 PEWax 725/850/70% KDPE1 0.85 44 123
10/10/10 PEWax 655/725/1000/70% 0.46 18 123
HDPE1
10/10/10/10 PEWax 655/725/850/ 0.52 24 119

1000/60%HDPE]




30%PEVAX 725/ 7T0%1DPEL10. 9242 n120 30%PEVAX600/ 70%1DPE110. 641 J The effect of
mul ti-conmponent oligoners on shutdown tenperature are set out in _Table 6.
Tabl e 6 15/15 PEWAX 725/850/ 70% HDPE1 10/ 10/ 10 PEWAXx 655/ 7251 1dd6/2803%
HDPE1 Thi ckness Gurley (ml) (sec) 0.85 1 44 0.46 1 18 Shut down
Tenperature (C) 123 123 0/10/10/ 10 PEVMAXx 655/ 725/850/ 0.52 24 119

1000/ 60%DPEL 1 1 S E P 2003 A 30% PEWAX 1000 and 70% HDPE2 bl end was
extruded, anneal ed, and stretched to obtain: Shutdown Thickness Gurley

Tenperature (fiild, GREk {00 and0%0REMBBEROBERA% EDREX A, 20niddl ed,

and stretched to obtain:

Shutdown
Thickness Gurley Temperature
(mil) (sec) c)
30% PEWax 1000/70% HDPE2 1.06 - 20 119 -

A polypropylene/polyethylene/polypropylene (i.e., § microns
thick polypropylene) trilayer (like Celgard 2300) was rzde except

the center layer was replaced with a 30% PEWax 1000/70% HDPE1l

blend to obtain:

Shutdown
Thickness Gurley Temperature
(mil) {sec) (°C)
Trilayer 0.93 44 125

The present invention may be embodied in other specific
forms without departing from the spirit or essential ettributes
thereof and, acco;dingly, reference should be made to the
appen&ed claims, rather than to the foregoing specification, as

indicating the scope of the invention.



A pol ypropyl ene/ pol yet hyl ene/ pol ypropyl ene (i.e., 6 mcrons thick

pol ypropyl ene) trilayer (like Celgard 2300) was nade except t %EPQQB

| ayer was replaced with a 30% PEWAX 1000/ 70" HDPE1 blend to ob ;i:

Shut down Thi ckness GQurley Tenperature (ml) (sec) (C Trilayer 0.93 44 125
The present invention may be enbodied in other specific fornms w thout
departing fromthe spirit or essential attributes thereof and,
accorgkn%%%,cﬁ%ﬁﬁ&gnce shoul d be nade to the appended clains, rather than
to thé foregoing specification, as indicating the scope of the invention.
1 1 SEP x003 In the Cains: 1. A battery separator conprising: a

m cr oporous pol yol efi nic nenbrane having a porosity in a range of 30 -
80% an aver-age Pp&Edt§irYe SeR3F SERGECBPIBSHNE - 2.0 nicrons, and bei ng made
froma blend of a high density polyethylene polynmer, and an oligoner of a
pol yol ef i ni ¢ polay mErcr cPorTive @@éapéteéﬁnéccmﬁmgngﬂﬁohﬂm@n 3 RPePRt® said
separator having a shutdown tenperature |less than the nelting tenperature
of saiig polrgiRfe oF 3The SOEar arokvacegedppget sifkaim d wegei of s@i @R -
separator having a thickness less than 75 mcrons. 4. The separator

accor gi regmti%rgr@,malqd’%%&@@nfa@led frefbLanechei B ENRi§RY@En it _ _
mul til ayered separator. 5. The separator according to Caim1l wherein said

blendpg %EQ%}EQ%&P&th%%rqyéﬂ% %QtOQEgBREQOB?ra pelyolefinic polymer.

2. The separator according to Claim 1 wherein said
separator having a shutdown temperature less than the melting

temperature of said polymer.

3. The separator according to Claim 1 wherein said

separator having a thickness less than 75 microns.

4. The separator according to Claim 1 wherein said

membrane being one layer of a multilayered separator.

5. The separator according to Claim 1 wherein said blend

having 50% or less by weight cf oligomer.

€. The separator according to Claim 1 wherein said
oligomer being a polyethylene wax having a molecular weight less

than 6000C.

-10-



6. The separator according to Claim1l wherein said oligonmer being a

pol yet hyl ene wax having a nol ecul ar wei ght | ess than 6000. ﬂngﬁm?003
7. A battery separator for a lithiumrechargeable battery conprising a

m cr oporous pol yol efini c nmenbrane having a shutdown tenperature of |ess
t han about 130C, a porosity in a range of 30 - 80% an average pore size
in arange of 0.02 - 2.0 mcrons, and being nmade froma blend of a high
density pol yet hyl ene pol yner and a pol yet hyl ene wax havi ng a nol ecul ar

wei ght | ess than 6000. B. A battery conprising: an anode; a cathode; a
separator according to Clains 1 or 7 , said separator being disposed

bet ween sai d anode and sai d cathode; and an electrolyte in ionic

communi catjon wth said anode _and sai d cat Vj ' RaRalQre, . The
battery actordifhgP?bt e hi 7% Bty JL;OIT iatcr%ialu%%‘glgr{ tfeéracy}1.5‘518119%'E'SDEEL Y
comprising a microporous polyolefinic membrane having a shutdown
temperature of less than about 130°C, a porosity in a range of 30
- 80%, an average pore size in a range of 0.02 - 2.0 microns, and

being made from a blend of a high density polyethylene polymer

and a polyethylene wax having a molecular weight less than 6000.

8. A battery comprising:
an anode;
a cathode;
a separator according to Claims 1 or{ , said separator
being dispocsed between said anode and said cathode; and

an electrolyte in ionic communication with said anode

and said cathode via said separator.

9. The battery according to Claim 8 being a lithium

battery.

-11-



