; ope3eC@@b66T2< 0 Docket 2000. 34 SEPARATOR FOR POLYMER BATTERY Fi el d of the
I nvention The instant invention is directed to a separator for a polyner or
gel electrolyte battery, for exanple, a lithium polyner battmmmu"ﬂmﬂwmmwmd
of. the Invention Batteries having gel polyner electrolytes o mer
el ectrolytes are known. See U.S. Patent Nos. 5,418,091 & 5, 460, 9Q4%;seand

Li ndeogkd) , 2¢Hhdbook of Batteries) 2nd Edition, McGaw H |ll, New York, NY
(1995), pgs. 36.37-36. 42ERARAFQR FORhZOLYMER PAJUERYed t hat m croporous
menbranes can be used in the assenbly of polyner electrolyte batteries. See
U S. Patent Nos. 5,518,838; 5,604, 660; 5,631, 103; 5,639,573; 5,681, 357;

5, 688, 293; 5, 750, 284; 5,837,015; 5,853,916; 5, 658, 685; 5, 849, 433;

5, 665, 265; 5,716, 421; and ; z . “Plastic Li-lon (PLiON "")
Rechargeable Cells with Bo517 acodla: Clasia Ie‘:mntor ," Tel ecordi a Report,
April 20QQ; and Gozdz, A., et al., ."Fabrication and_Perfornance

Char act erfils | P& T bl Rt £0 | 63 BAFFEF Ao -6 PhoBBRGGHBnEéapedolymer

M croporous Pol yolefin Separators,” 198th_Meeting of the El ectrochem cal
Soci@t elov i roby by baboery separ ae5rEP 1P e2, lébhi Ll BPeVHSET bastery.
menbr anes, designed specifically for use in such batteries are known. See
U S. Patent Application Serial No.

Background of the Invention

Batteries having gel polymer electrolytes or solid polymer
electrolytes are known. See U.S. Patent Nos. 5,418,091 &
5,460,904, and Linden, D., Handbook of Batteries, 2nd Edition,
McGraw Hill, New York, NY (1995), pgs. 36.37-36.42 et seq. It has
been suggested that microporous membranes can be used in the
assembly of polymer electrolyte batteries. See U.S. Patent Nos.
5,518,838; 5,604,660; 5,631,103; 5,639,573; 5,681,357; 5,688,293;
5,750,284; 5,837,015; 5,853,916; 5,658,685; 5,849,433; 5,665,265;
5,716,421; and 5,834,135; Gozdz, A., “Plastic Li-Ion (PLiON™)
Rechargeable Cells with Bonded Microporous Separator,” Telecordia
Report, April 2000; and Gozdz, A., et al., “Fabrication and
Performance Characteristics of Plastic Li-Ion Batteries With Bonded
Untreated Microporous Polyolefin Separators,” 198“‘Meeting of the
Electrochemical Society, October 22-27, 2000. Separators, i.e.,
coated microporous membranes, designed specifically for use in such

batteries are known. See U.S. Patent Application Serial No.
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09/ 016,024 filed January 30, 1998, and WD 99/54953 claimng priority of
April 20, 1998. WD 99/54' 953 di scl oses a conposite electrolyte conprising a
m croporous nenbrane and a coating of an unpl asticized, porous organic

pol ymer contai ning a conpound that has a dissociable Iithiumion. The

non- pl astici zed coating partially penetrates the pores of the nenbrane. The

por i/ P dadt £ POl YdeFaiByrPes ool yybayl hdanrof bugsiudes ln atikg exanpl es, 15%
of the pore volune was filled when t he coating was pol yet hyl ené oxi de

(PEQ)... 359% of ol was filled when the coating was
§%g%é§%€ of :PPIS%H(ngg?

pol I dene fTUOr1 ; and 20% of the pore volune was filled when
the coating was pol ytetrafl uoroethylene (PTFE). U S. Patent Nos. 5,518, 838
and 5, 604, 660 di sclose an electrolyte system conprising a solid polyner
electrol yte HgFregnated into a porous separator. U.S. Patent No. 5,631, 103
di scl osedArP ¥ 17D §iecEgseant c6APPPSiRg 8lR6ABGENESUSORPRLSAETR an
inert filler (for exanple, polyners or inorganic materials) and a
gel ficrmpmyrgpod ynembrane aondniccopbingsofreahr anplastdcized, SpoPaent No.
5,639,573 discloses an el ectrolyte system conprising a mcroporous menbrane
and axrgal+d s ngePotyesinaid a compound that has a dissociable

lithium ion. The non-plasticized coating partially penetrates the

pores of the membrane. The porous organic polymer may be

polyvinylidene fluoride. In the examples, 15% of the pore volume

was filled when the coating was polyethylene oxide (PEQ), 35% of

the pore volume was filled when the coating was polyvinylidene

fluoride (PVDF); and 20% of the pore volume was filled when the

coating was polytetrafluorocethylene (PTFE).

U.S. Patent Nos. 5,518,838 and 5,604,660 disclose an
electrolyte system comprising a solid polymer electrolyte

impregnated into a porous separator.

U.S. Patent No. 5,631,103 discloses an electrolyte system
comprising a homogeneous mixture of an inert filler (for example,
polymers or inorganic materials) and a gel-forming polymer, but no

microporous membrane.



the gel -form ng polynmer "extends at |east partially into, and preferably
t hrough, the pores.” Also see Figure.2. Also see U S. Patent Nos.

5,681, 357; 5,688, 293; 5,750,284; 5,837,015; and 5,853,916; and U.S.
application Serial No. 09/016,024 filed January 30, 1998. U.S. Patent Nos.
5,658, 685 and 5, 849, 433 di sclose an electrol yte systemconprising a

pol ymeri cybd enpla @éné 98! - 6058 NG 7RO RN e AR It AR Igy dHHn NO
m croporous nmenbrane. U.S. Patent No. 5, 665, 265 di scloses an €l ectrolyte

syst I Si | L p TRl t he

1 berao TR A EcRIBSBIEE ARt e e A B T e
an electrolJyte systemconprising a.m croporous nenhrgne and a gelling

ol T Skt ST Ah P FER g FOEGRER B 1Ene toPBAGI e Hshs 1 | o f or ced
into the pores." There is a desire on the part of sone battery
manBEekerap Ly t threvel f r Bht| PURE - &1 ebLE6 Pees Figuge 2or $diSqd see U.S.

el ectrolytes. One reason for this nove is that cells nade with gel or solid
- 3 Patatedieosl vk e68hnyShe hob8&DEE3INn 5t 058 , 281 ety 887, ddpesandAnot her

reason is to prevent the | eakage of the electrolyte. This nove, however,

has Deess releredd by . ¢ heapptichbabnt Berdenduet.i wist/y 16f, oke rgaledrT=a0ld6,
electrolyte is nuch less than that of the liquid electrolyte. To conpensate
for 4he {oyer conductivity of the gel

U.S. Patent Nos. 5,658,685 and 5,849,433 disclose an
electrolyte system comprising a polymeric blend of a gel-forming

polymer and an inert polymer, but no microporous membrane.

U.S. Patent No. 5,665,265 discloses an electrolyte system
comprising a nonwoven and a gelling polymer expanded between the

fibers of the nonwoven.

U.S. Patent Nos. 5,716,421 and 5,843,153 disclose an
electrolyte system comprising a microporous membrane and a gelling
polymer "wherein the gelling polymer and the electrolyte seeps or

is forced into the pores."

There is a desire on the part of some battery manufacturers to
move from liquid electrolytes to gel or solid electrolytes. One

reason for this move is that cells made with gel or solid



and solid electrolytes, thinner electrolytes are required. Thinner

el ectrolytes, however, are detrinental- to the manufacture of the batteries
because of their |ow nmechanical strength. Accordingly, battery

manuf acturers have had to conprom se. That conprom se is the inclusion of a
m croporous nenbrane in the electrolyte. Inclusion of the m croporous
menbr ane has enabl ed the manufacture of these batteries. Gozdz, Ibid. At
first, it was suggested that the gel-form ng polymer should fill the pores
of the menbrane. See U.S. Patent Nos. 5,639,573; 5,681, 357; 5,688, 293;
5,716,421; 5,750,284; 5,837,015; and 5,853,916. Later, it was suggested
that ehec§sPlysesi AgYpSey meldaldel d & imlvar¥ety eheshapes. of Anpiher
menbrane. See PCT WO 99/54953. Although, these separators perform wel

t her erkeasshi ik &onpeeveatcdhie deakagd mr die tdlecomllugte vi t yhdé mheee
coated separators for gel or polynmer batteries. - 4 Summary of the

| nvenhbeevEke hast aelen hMedcred by ahseFIA Whdoreide | ddhdudt PRLYPESE the
battery. The separator conprises a nenbrane and a coating. The nmenbrane has

a f|rg%lsPEféBﬁadafgé%Qle?%rfqgﬁnugﬂgl%dgtHHg tohaf I# GHopor gugﬁtendlng

from I rst sur ce to the secon urface e coatl ng cover

e Bhgcs DUl des BB LS Aty ol gptesy The spalindgy
1:0'5a% Sb%ld electrolytes, thinner electrolytes are required. Thinner
electrolytes, however, are detrimental to the manufacture of the
batteries because of their low mechanical strength. Accordingly,
battery manufacturers have had to compromise. That compromise is
the inclusion of a microporous membrane in the electrolyte.
Inclusion of the microporous membrane has enabled the manufacture
of these batteries. Gozdz, Ibid. At first, it was suggested that
the gel-forming polymer should fill the pores of the membrane. See
U.S. Patent Nos. 5,639,573; 5,681,357; 5,688,293; 5,716,421;
5,750,284; 5,837,015; and 5,853,916. Later, it was suggested that

the gel-forming polymer should partially £ill the pores of the

membrane. See PCT WO 99/54953.

Although, these separators perform well, there is still a need
to continue to improve the conductivity of these coated separators

for gel or polymer batteries.



Description.of the Drawing For the purpose of illustrating the invention,
there is shown in the drawing a formwhich is presently preferred; it being
under st ood, however, that this invention is not limted to the precise
arrangenents and instrunmentalities shown. Figure 1 is schematic
illustration of the instant invention. Description of the Invention
Referring to the figure wherein like nunerals indicate |like elenents, there
are shown, in Figure 1, a separator 10 for a polyner battery. Separator 10
conprises a mcroporous nenbrane 12 and a coating 14. The nenbrane 12 has a
first surface 16, a second surface 18, and a plurality of m cropores 20.

The coating 14 is di sposed oPU®NRFHces tBeaddveRtiopati ng 14 covers the
menbrane 12, but does not fill the plurality of mcropores 20. Separator

10, 5 Thet hnat &ht cknessthess ishan s@pamatraon,ompraeflertail ym hasl yamer

MacMul | in Number (see U.S. Patent No. 4,464,238, incorporated herein by

ref erepgeletgss thanseParatdrnesinpplieker abhmenibrdiie drange @atddg. Thige
coating 14 covers the nmenbrane 12, but does not fill the mcropores 20. The

coati ngoddy SN Chast heripabr 802 chde S BRI EN dihe DALEN ISy of

activate y the addition of electrolyte, the pores 20 may

the liquid electrolyte,.The-copd VAR of .t separat.or, in use in.the

act i valed Brf<®; E?X?ﬂﬁég i fc‘rﬁgglvg&%oéelﬁ:}éécepsélrrataocres Oa\(’}‘lhneg 95994 surface.
The coating covers the membrane, but does not fill the plurality of

micropores. The coating comprises a gel-forming polymer and a

plasticizer in a weight ratio of 1:0.5 to 1:3.

Description of the Drawing

For the purpose of illustrating the invention, there is shown
in the drawing a form which is presently preferred; it being
understood, however, that this invention is not limited to the
precise arrangements and instrumentalities shown.

Figure 1 is schematic illustration of the instant invention.

Description of the Invention

Referring to the figure wherein like numerals indicate like
elements, there are shown, in Figure 1, a separator 10 for a
polymer battery. Separator 10 comprises a microporous membrane 12
and a coating 14. The membrane 12 has a first surface 16, a second
surface 18, and a plurality of micropores 20. The coating 14 is
disposed on surfaces 16 and 18. Coating 14 covers the membrane 12,

but does not fill the plurality of micropores 20. Separator 10,



pores by the inclusion within the unfilled pores 20 of liquid electrolyte.
The coating, which covers the openings of the pores at the surfaces of the
menbrane, holds the electrolyte in the pores 20, but allows ion mgration
there through. The overall conductivity of the separator and electrolyte is
i nproved when conpared to separators having gel-filled pores, since the
relatively thin coating of the gel-form ng polyner provides only a snal
resistance to ion nobility. Additionally, by not filling the pores with the
gel -form ng polynmer, the shutdown function of the separator is not

i nhi bi t, i..e. ., pores closune | of. prevent ed -form ng, po r,_in
t he p&‘f'lgzg? aCo'@“elﬁlgngesrsefleersgs ﬁ: ohafé]}é;o'éjtc?ﬂ%niﬂ %E?Péﬁgghgngf"ﬁl FyMSSW&H ng
into, or filljng, the pores 20Q. For exanple, the - 6 coating (i.e.,
PVDFﬂWﬂWb%ﬁu) &F notS £ iFateri &2 hahr Lobr 8thén§8F8096Fﬁﬁebe5FéPe#§bIy, no
nore than 100 of the pore volunme, and nost preferred, 0% of the pore

vol umge fiathireme less dffas 3G ana mesoperesenehbyahs. thenbrage ©f dayp2be a
symmetric nenbrane or an asymretric nenbrane. Menbrane 12 nay be nade from
a polyolefin. Exenplary polyolefins include, but are not limted to,

pol yethyl ene (PE), ultra high nol ecul ar wei ght polyethyl ene (UHMAPE)

pol ypropyl e (Rt 1Ml yareidid pentienandibFine COPOl yier 8oet aBy efiithene
foregoi ng, and m xtures thereof. Menbrane 12 nay be nade by either a dry

Stret%ﬁd¥65§ﬁ§5Qﬁﬁsoﬂﬁgw&&gtfﬁgi14 covers the membrane 12, so that

later, when the battery is activated by the addition of
electrolyte, the pores 20 may be filled with the liquid
electrolyte. The conductivity of the separator, in use in the
activated cell, is, thus, improved over separators having filled
pores by the inclusion within the unfilled pores 20 of liquid
electrolyte. The coating, which covers the openings of the pores
at the surfaces of the membrane, holds the electrolyte in the pores
20, but allows ion migration there through. The overall
conductivity of the separator and electrolyte is improved when
compared to separators having gel-filled pores, since the
relatively thin coating of the gel-forming polymer provides only a
small resistance to ion mobility. Additionally, by not f£illing the
pores with the gel-forming polymer, the shutdown function of the
separator is not inhibited, i.e., pores closure is not prevented by

gel-forming polymer in the pores.

Covering refers to the coating 14 not substantially

penetrating into, or filling, the pores 20. For example, the



CELGARD pracess) or a solvent process (also known as the gel extrusion or
phase separation process). Menbrane 12 may have the foll ow ng
characteristics: an air perneability (Gurley) of no nore than 300 sec/ 100
cc (preferably 200 sec/ 100 cc, nost preferably 150 sec/ 100 ce); a thickness
ranging fromb5 to 500 mcrons (u) (preferably 10 to 100 m crons, nost
preferably 10 to 50 mcrons); pore dianeters ranging from0.01 to 10
mcrons (u) (preferably 0.02 to 5 microns, nost preferably 0.02 to 0.5
m crons); and a porosity ranging from35 to 85@6(preferab|y 40 to 800).
Menbrane 12 may be a single |ayer nenbrane, a tri-layer nenbrane (e.g.,

PP/ PE/ PR gt i i/ PPL EE) , poDFanms) t Ehbayar neengiane moMenthame 302 iy el asabd y
a shutdown separator, for exanple see U S. Patent Nos. 4,650, 730;

4,731, 3@31u§e28§régéraél 40p85Rora, PRAN28bs 8£66h” %%reudglume -and most
appllcatlon SerT al hb 0 /839 664 (filed April 15, Z997); Japanese pat ent

No. 2§4 ?%@%%%g?fi Ed ﬁh %t g%eagggk%gtlon Nos. 98395/1994 (filed May 12,

| 994) ; and UK patent application No.
9604055.5 (February 27, 1996), all of which are incorporated herein by
reference. Menbranes 12 are comercially avail able from CELGARD I nc.
Charlotte, North Carolina, USA, Asahi Chem cal Industry Co.; LTD., Tokyo
Japan; Tonerﬂ"l@abp@mtianre%kyotw apanmlgﬁ@ppﬁéasmﬁmanvoky@ﬂenm@m lehd
Nitto Denko K K., Osaka, Japan. The coating 14 conprises a gel-formng

pol ymermaydba a symmetric membrane or an asymmetric membrane. Membrane 12

may be made from a polyolefin. Exemplary polyolefins include, but
are not limited to, polyethylene (PE), ultra high molecular weight
polyethylene (UHMWPE), polypropylene (PP), polymethylpentene (PMP),
copolymers of any of the foregoing, and mixtures thereof. Membrane
12 may be made by either a dry stretch process (also know as the
CELGARD® process) or a solvent process (also known as the gel
extrusion or phase separation process). Membrane 12 may have the
following characteristics: an air permeability (Gurley) of no more
than 300 sec/100 cc (preferably 200 sec/100 cc, most preferably 150
sec/100 cc); a thickness ranging from 5 to 500 microns (n)
(preferably 10 to 100 microns, most preferably 10 to 50 microns);
pore diameters ranging from 0.01 to 10 microns (n) (preferably 0.02
to 5 microns, most preferably 0.02 to 0.5 microns); and a porosity
ranging from 35 to 85% (preferably 40 to 80%). Membrane 12 may be
a single layer membrane, a tri-layer membrane (e.g., PP/PE/PP or
PE/PP/PE), or a multi-layer membrane. Membrane 12 is preferably a
shutdown separator, for example see U.S. Patent Nos. 4,650,730;

4,731,304; 5,281,491; 5,240,655; 5,565,281; 5,667,811; U.S.



plasticizer:-in a weight ratio of 1:0.5 to 1:3, nost preferably, 1:2. The
surface density of the coating is 0.4.to 0.9 ng/cnR, and preferably 0.55 to
0.7 nmg/cnR. The gel-form ng pol yner nay be selected from but is not
limted to, polyvinylidene fluoride (PVDF); polyurethane; polyethylene

oxi de (PEO; polyacrylonitrile (PAN); polynethylacrylate; polyacryl am de;
pol yvi nyl acet ate; pol yvinyl pyrrolidone; polytetraethylene glycol

di acryl ate; copolynmers of any the foregoing and conbi nati ons thereof. One
criterion for conononer selection is the conmononmer's ability to nodify the
surface energy of the honopol yner. Surface energy inpacts, at least: the
sol ubi fpp}icatine Eepdryn¥p,. PREBEBy664g (filedf Apatilng Scodtd9¥) it Weapanese
copol ymer onto the nenbrane; the adhesion of the copolynmer to the nenbrane,
t her ebyaaéhecNbng2babbesyamdanubhpehese padeatbsegpleanta tperf Gamnes3 sakh $de
wettability of the coating, thereby affecting absorption of |iquid

el ectrokyliedi nho 1he sepayat oyseSubt abl ecgopmRrerens i ndoide, e B HNUnt
limted to, hexafl uoropropyl ene, octofluoro-1-butene, octofl uoroisobutene,

I
and teé%giﬂ%ﬁ??%hgﬁ&?”@soIB?sQ@”‘?BQH%haEWE%Dt 1Blogher %1@'1?/ o[fﬁ%ﬁ%iﬁ rm s to

20% by and nost preferably, 7 to"15% Prefera e gel-formng

pol ymer ig aocggol yggr OL Bol ¥vif2¥I6indgne &Ieu g{i 91%' F{r ef er abl trg:e PVDF

copol y?‘r%? f8°% %%o yﬁ%% o] ypofayw nyFl denBFPE8F e 4nd Fex ”l?(}-rolr?r | ene
available from: CELGARD Inc., Charlotte, North Carolina, USA; Asahi
Chemical Industry Co.; LTD., Tokyo, Japan; Tonen Corporation,

Tokyo, Japan; Ube Industries, Tokyo, Japan; and Nitto Denko K.K.,

Osaka, Japan.

The coating 14 comprises a gel-forming polymer and a
plasticizer in a weight ratio of 1:0.5 to 1:3, most preferably,
1:2. The surface density of the coating is 0.4 to 0.9 mg/cm?, and

preferably 0.55 to 0.7 mg/cm?.

The gel-forming polymer may be selected from, but is not
limited to, polyvinylidene fluoride (PVDF); polyurethane;
polyethylene oxide (PEO); polyacrylonitrile (PAN) ;
polymethylacrylate; polyacrylamide; polyvinylacetate;
polyvinylpyrrolidone; polytetraethylene glycol diacrylate;
copolymers of any the foregoing and combinations thereof. One
criterion for comonomer selection is the comonomer’s ability to
modify the surface energy of the homopolymer. Surface energy

impacts, at least: the solubility of the copolymer, thereby



(PVDF: HFP), rand, nost preferably, the PVDF: HFP ratio is 91:9. The PVDF
copolyners are commercially avail able .- fromElf Atochem Phil adel phia, PA,
USA; Sol way SA, Brussels, Bel gium and Kureha Chem cal Industries, LTD,

| baraki, Japan. A preferred PVDF: HFP copol yner is KYNAR 2800 from El f

At ochem Plasticizer is selected frommaterials that are conpatible with
(i.e., mscible with or will not phase separate from the gel formng
polymer, that, in trace anounts (e.g., 10-20% of the original coating
anount), wll not have a detrinental effect upon the battery chem stry

asticizer.tha ontalﬁ hones H% tes, an n|t ogen), apd

h |
Chas BT ARE st bhE o PapRIa e PLe Fhey MRAPEeRe A E1dn of

tenperature) < 50C. The IastiC|zer _ % may be sel ected fron1 but is
not ||ﬁh@eGOP@lywﬁrhapar-g%a}gé@ré@teer§ CEPEIY @fé§|€l§éﬁilé{t &attedlyneri c
carbonates, and m xtures thereof. Phthal ate-based esters are selected from
but armanofattuteedndosubquuyhtppehébamenceycbmd taeberitted idrid ys el fedtles
from et hyl ene carbonate (EC), propyl ene carbonate (PC), butyl ene carbonate
(BC), asdtimhytutrerkber aefecPehymabisorparibonalies jaie dselleetedfemiduyg are
not limted to, polyvinylene carbonate, and |inear propylene carbonates. In

the ”HQH£a§éH£§a95rthesﬁ@@h%@es%B%bﬁb%%rstH%cﬁ%@@ra%%t'%r%o%kﬁdf@ﬂﬂtéﬁ
solution of gel form ng polynmer, plasticizer, and solvent. Coating nay be

aCCO”péb?hﬁgx9¥188¥o£%8B9h8H8, gg%o%lﬂoro—l—butene, octofluoroisobutene,

and tetrafluoroethylene. The comonomer content preferably ranges
from 3 to 20% by weight, and most preferably, 7 to 15%.

Preferably, the gel-forming polymer is a copolymer of
polyvinylidene fluoride. Preferably, the PVDF copolymer is a
copolymer of polyvinylidene fluoride and hexafluoropropylene
(PVDF:HFP), and, most preferably, the PVDF:HFP ratio is 91:9. The
PVDF copolymers are commercially available from E1f Atochem,
Philadelphia, PA, USA; Solvay SA, Brussels, Belgium; and Kureha
Chemical Industries, LTD, Ibaraki, Japan. A preferred PVDF:HFP

copolymer is KYNAR 2800 from Elf Atochem.

Plasticizer is selected from materials that are compatible
with (i.e., miscible with or will not phase separate from) the gel-
forming polymer, that, in trace amounts (e.g., 10-20% of the
original coating amount), will not have a detrimental effect upon
the battery chemistry (such as plasticizer that contain sulphones,
sulphates, and nitrogen), and that are fluid at room temperature or

have a Tg (glass transition temperature) < 50°C. The plasticizer



coating is preferred. The solvents include, but are not limted to, nethyl
et hyl ketone (MEK), acetone, N-nethyl pyrrolidone (NMP), tetrahydrofuran
(THF), dinethylformam de and conbi nati ons thereof. To coat the nmenbrane, so
that coating covers the nenbrane, requires consideration of severa

factors. The gel-form ng pol yner should have a nol ecul ar wei ght as high as
possi bl e, and a Kuhn I ength as high as possible. It is believed that the
conbi nati on of high nol ecul ar wei ght and Kuhn |l ength (a neasure of polyner
stiffness) creates "balls" of dissolved polynmer. The menbrane shoul d have a
pore dianeter as small as possible. The solution concentration should be

gr eat enay hae selequall fvomdso bytweesghot phefitedbity.i phtha ledregdasfedl to 50,
and nost preferred in the range of 2 to 4% It - 10 is believed that at
t hese gonees|rayedna thabohheeshapb3ymet ipokymdbnatrisgngel nfiktifials t hey
cannot physically enter the pore. The present invention nmay be enbodied in

other spegibic fPﬁHﬁaﬁhEéoﬁhséﬁpééEng E&%”bbh%c%@d*ﬂm&ﬁ eRgentialnot
attributes thereof, and, accor |ngly, ref erence should be nade to the

appendfﬂmftga o, r&iBShz%hSHtB%EPS E?Q?ﬂ' 09 3RBE t%%t :?% 23 ARLFLFLINY

t he scope of the'inven whi e s ¢
ethylene carbonate (EC), propylene carbonate (PC), butylene

carbonate (BC), and mixtures thereof. Polymeric carbonates are
selected from, but are not limited to, polyvinylene carbonate, and

linear propylene carbonates.

In the manufacture of the coated separator, the membrane is
coated with a solution of gel forming polymer, plasticizer, and
solvent. Coating may be accomplished by any technique, but dip
coating is preferred. The solvents include, but are not limited
to, methyl ethyl ketone (MEK), acetone, N-methyl pyrrolidone (NMP),
tetrahydrofuran (THF), dimethylformamide and combinations thereof.
To coat the membrane, so that coating covers the membrane, requires
consideration of several factors. The gel-forming polymer should
have a molecular weight as high as possible, and a Kuhn length as
high as possible. It is believed that the combination of high
molecular weight and Kuhn length (a measure of polymer stiffness)
creates “balls” of dissolved polymer. The membrane should have a
pore diameter as small as possible. The solution concentration
should be greater than or equal to 1% by weight, preferably in the

range of 1 to 5%, and most preferred in the range of 2 to 4%. It

- 10 -~



1. .A separator for a lithium polyner battery conprising: a nenbrane having
a first surface, a second surface, and a plurality of m cropores extending
fromthe first surface to the second surface; a coating, the coating
covering the nenbrane, but not filling the plurality of m cropores, the
coating conprising a gel form ng polynmer and a plasticizer in a weight
ratio of 2:0.5 to 1:3. 2. The separator of claiml wherein the coating
covers the first surface and the second surface. 3. The separator of claim
1 wherein the gel-formng polymer is a copolyner of polyvinylidene
fluoride. 4. The separator of claim3 wherein the conpnoner content of the
pol yvilfyeddry ed (datd et te gt SAnet ORoppE F3BECRBoLR2E- DY, Hy2 hbFghef - 12

5. The separator of claim4 wherein the cononomer content conprises about 7
to 15%dyneei glentagiglfie sepdiraltt okhey einnot 4ohpererhly hentenohbaepors -
selected fromthe group consisting of hexafl uoropropyl ene,

oct of | uor o- 1- but ene, octof | uoroi sobutene, tetrafluoroethylene, and m xtures
t hereof . 7.rnEherseparatidiveric tdmimap whessbodide COPOLYERrspécific forms
pol yvi nyl i dene fluoride is polyvinylidene fluoride:

without departing from the spirit or essential attributes thereof,
and, accordingly, reference should be made to the appended claims,

rather than to the foregoing specification, as indicating the scope

of the invention.
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hexaf | uor opropyl ene in which the hexafl uoropropyl ene conpri ses about 9% by
wei ght. 8. The separator of claiml1l wherein the ratiois 1:2. 9. The
separator of claiml wherein the coating has a surface density of 0.4 to
0.9 ng/cn2. - 13 10. The separator of claim9 wherein the coating has a
surface density of 0.55 to 0.7 ng/cnez. 11. The separator of claim1l wherein
the plasticizer is selected fromthe group of phthal ate-based esters,
cyclic carbonates, polyneric carbonates, and m xtures thereof. 12. The
separator of claim 11l wherein the phthal ate based esters includes dibutyl
pht hal ate. 13. The separator of claim 11 wherein the cyclic carbonates are
sel ect gthatr ovhitdie igr aulmioomdi st i ng of et hyl ene carbonate, propyl ene
carbonate, butylene carbonate, and m xtures thereof. 14. The separator of
claiml1l wherein the nmenbrane is a single |ayer m croporous nmenbrane. 15.
The separator of claim1 wherein the nenbrane is a nmulti |ayered

m cropor ous jmenbhang. kb £h6-a ThE1SERRRTAL Pymet Sl 8135 uhstekinthe
nmenbrane is a tri
a membrane having a first surface, a second surface, and

a plurality of micropores extending from the first surface to the

second surface;

a coating, the coating covering the membrane, but not
filling the plurality of micropores, the coating comprising a gel-
forming polymer and a plasticizer in a weight ratio of 1:0.5 to

1:3.

2. The separator of claim 1 wherein the coating covers the

first surface and the second surface.

3. The separator of claim 1 wherein the gel-forming polymer

is a copolymer of polyvinylidene fluoride.

4, The separator of claim 3 wherein the comonomer content of
the polyvinylidene fluoride copolymer comprises about 3-20% by

weight.



| ayer' separator having a pol ypropyl ene/ pol yet hyl ene/ pol ypr opyl ene
structure. 17. The separator of claimZ wherein the nmenbrane is a shutdown
menbrane. 18. The separator of claim1l wherein the nenbrane contains an
ultra high nol ecul ar wei ght pol yethylene. 19. A nethod of nmaking a
separator for a lithium polynmer battery conprising the steps of: providing
a m croporous nenbrane having a plurality of mcropores; providing a
solution, the solution conprising a gel-form ng polynmer, a plasticizer, and
a solvent, the solution concentration being > 1% by wei ght; coating the
solution onto the nenbrane; - 15 driving off the solvent of the
solution; and form ng thereby a coating covering the nenebrane, but not
filling the plurality of mcropores. 20. The nmethod of claim 19 wherein the
solution concentration ranges fromabout 2 to 4% by weight. - 16

A2, A SO. A99. A ANeAsAyay aharAoka.cA A NN.A Wvishel(n thllcddndmer content
<x6~ytoj e [V]ca] ca]ca] ca] ca] ca] ca] cRa] ca] ca] ca] ca]ca] ca]ca]ca]ca]ca]ca]ca]c

a] caV] eahgal eakcabeakcal e¢a] aalUlsasjRal 600

6. The separator of claim 4 wherein the comonomer is
selected from the group consisting of hexafluoropropylene,
octofluoro-l-butene, octofluoroisobutene, tetrafluoroethylene, and

mixtures thereof.

7. The separator of claim 6 wherein the copolymer of
polyvinylidene fluoride is polyvinylidene fluoride:
hexafluoropropylene in which the hexafluoropropylene comprises

about 9% by weight.

8. The separator of claim 1 wherein the ratio is 1:2.

9. The separator of claim 1 wherein the coating has a

surface density of 0.4 to 0.9 mg/cm?.
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p. OjHD

C}N*}xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca]ca]ca]ca]ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! *dnmlLo4u4QUu7v5>DEWN w mhc”Y] c] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caV] ca]ca] ca]ca]ca]ca]ca]ca]c
a] ca] ca] ca] ca] ca] ca! #aLi $g*3u3q #[ | w mhc”Y] c] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c”a] ca] cal Z5r{

OBl I+" """ #p#H##ISz$$S8YA%A4 xsni d_Z] c]] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]

ca ca ca] ca)] ca) cal cal ca]ca] ca] ca] cal cal ca ca cal ca ca! Y&K&&&
] ] (%(Ii‘ (%J %5‘]*’ gﬁﬁ]ﬂ%l L‘ g]‘”’glﬁ]r %‘]glhj ] c%ﬁ’elﬂ?lf] 4] ca]ca] ca

] ca] ca] ca]ca] ca] ca] cal] ca] calcal ca ca ca ca]zca] cal ca] ca] cal] ca] ca] ca] ca] ca] ca
| 8- u- -Suxface densipyophed e121582923E9E4MMU445) xsni d_Z] c]] ca] ca] ca] ca] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca! 5(255556Y666#757’>7D7V777
88P8888999u999: $: . ;| wmhc”Y] c] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] calcalc
a] ca] ca] ca] ca] ca] ca\/] ca] cal ca]ca]calcalca]calcalca]ca]ca]cal:?;, Q;
<CRy<<<<=?=y===>]>>>?1 ?_ ?} ???@oH@ @) xsni d_Z] c] ] ca] ca] ca] ca] ca] ca] cajcalc
a] ca] ca] ca] ta] caTka] sapanitalcafcal eaincd] wakecealicaltde] cdlacd]icH]z==a] ciad ca] ca! @
ATA" AAAABB&BSBBBBCC>?! ?_?} ???@H@ @aad xsni d_Z] c] ] ca] ca] ca] ca] ca] ca] ca]ca] c
a] ca] ca¢ra¢cad carem] cad catcapcef cphenhtaleapeskdaketahes)] eajaalcal cal caj ca.
Ei.K-L 10%&& () - &100/@ () g#10%@&’ () -f10%a& () -
nﬂoq@g&&ﬁbé@d@@s &l éza&)c§¥£5na§égq@§nﬁ)mi&%%@%@&ﬂﬂéreof.

1109 () - Yd 0%k (S) #10%@4 ()-Ly 10%@ (
110%@& () -\ _i K-19%10%a& () -y/ 39d0%a& () -
- &10%@& () - Y+! 10%@&' () - @ %40%@& ()-' m' 10%@& () - O/$100/(@L O)-
{]1?19$1098! 1090& () - S&10%& ()-MLO1010 Y: 109&' ()-: 6! 10%@& () - 3, &L0%@&' () -
<x60| K- ’>y (V&O(Vd'& () Lz 1090&' ()-3%0%& () -

B

UKl ( S109TT& 10T10T: 1090°& () - 09409 & $10%T&
Iow&(?ﬁteﬁfﬁb Qlﬂlé-‘% /&“’&X é&ég}é 2E§- '1(()2’/@4 () - rr?/«i(()g/@ ()- 0
"109%@& ()-f$10%@& ()-9 10%@& ()-

13. The separator of claim 11 wherein the cyclic carbonates
are selected from the group consisting of ethylene carbonate,

propylene carbonate, butylene carbonate, and mixtures thereof.

14. The separator of claim 1 wherein the membrane is a single

layer microporous membrane.

15, The separator of claim 1 wherein the membrane is a multi-

layered microporous membrane.
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Ci KoKl (10%@&' ()-9%10%a& ()-"s$10%& ()- 10%& () -
10%& () -s$10%& () -y10%@& () - N*dj i K-K: 109 () - F7y
10%a& () -, 5s$10%@& () - 3SH10%@& () -. 10%a& () -, 4d0%a& () -*9d0%a& () -j kl mLoi K:
10%@& () -s$109& ()-F"109%& ()-&10%& () - &$P10%& () - $10% ()-l0@0@O0@udui K- K
Ol MAO%R ()-3$109& ()-"!10%& ()-$10% ()-$109& ()- MBLOY& () - &LOY& ()-u7vi K-
K@% 0% () - FROSH109%&' () - +y109%& ()-) @109 ()-' nPd0%&' ()-9% 109& () - f #&10%&
()-5; <=>WK@WOY%& ()-5s$10% U& ()-!10% U& ()-f 10%
U& ()-101010Sf >10%& () -1 4F10%& () - Wtai K-K "10% U& ()-10% U& ()-10%
) - S#10% U&' () -&10% U& () - nmPd0% U& ()-F%0% U&' () -aLii K- KO3"10%
)--110% U& ()-+10% U& ()-"110% U& ()-9%0% U& ()-f#S#10% U& ()-9! "10%
) -$g*012i KA710 UL10 Uf>10% U& () -: MpP10% U& () -8%10% U& ()-s6 $10%
)-Y4-8&10% U&' () - @%0%

16. The separator of claim 15 wherein the membrane is a tri-

layer separator having a polypropylene/polyethylene/polypropylene

structure.

17. The separator of claim 1 wherein the membrane is a

shutdown membrane.

18. The separator of claim 1 wherein the membrane contains an

ultra high molecular weight polyethylene.

19. A method of making a separator for a lithium polymer

battery comprising the steps of:

providing a microporous membrane having a plurality of

micropores;

providing a solution, the solution comprising a gel-forming
polymer, a plasticizer, and a solvent, the solution concentration

being > 1% by weight;

coating the solution onto the membrane;

- 15 -



U& ()-23u3q}_A710 UY310%Z&' () -, @10%Z& ()- "10%Z&' () - YWOow&' ()-"109%Z&' () -
%0%Z& ()-10
U #[i K- 73%0%& () - #&10%Z&' () -! $10‘VZ& ()-"10%& ()- $10%& ()- @10%Z& ()-Gl
0%Z& ()-[Zi K-7 410%& ()-1&10%Z& ()-/s$10%& ()--&10%& () -+ 0%Z& ()-y)g
109Z& () - ' SH109%Z& ()-5rxyz{ iK 410%& ()-9 %0%& () -
%0%&' ()-10Z210Z10Zy, >109%Z&' () -:"10%Z& () -f810%Z& () -
Bi!liK-KS&LO%&' ()-y&&I10%& ()-%0%& ()-%0%& ()-&10%& ()-f!10%& ()-S10%& ()
SPE4Tttt #p# K- K, $109& () -
10%&' ()-' &10%&' () - WAO0%& () - #$10%&' () -!"10%&k () -1 $109& () - p###9$z$$$8% K- K
Y, driving off the solvent of the solution; and
| 109& ()-y8#10%&' () - y69d0%& ()-y4s$109%& () -yy29%40%&' ()-y 0%0%& ()-yF. &0%
& () - 8% %R YDAWORKSE Ky, ; " 10%&' () - 3#10% h& () - S¥40% h& () n?d0% h& () - ¥40%
h& () - 10101096ﬂ:19%3é(ﬁh&&&l§y' Qa] coat knOL&#¥0% R Ehe mb@%ﬁi&'n(e),- 3l%not
h& ()-$10% h& ()-Z2"10% h& ()-y%d0% h& ()-, LMb10% h& ()-' (3(1((()J)iK-K, 2
10% hé&: fi:[@;%%(gzufapzw&b@mfcrég&eg ()-)10% h& ()-1940% h& () - S#9A0%
h& ()-J *A* i _UK 2 10% h& ()-10 h10 h10 hf>10% h& ()-:!10%
h& ()-8" 10% h& ()-s6#10% h& () - Y4@#10% h& ()-J***+J+++, 1 K- K$10%
h& ()-S&40% h& ()-9 $10% h& ()- $10% h& ()- %40% h& ()-10% h& () -%40%
,F,|,,,8-u--iK-KY%10% h& () - @#! 10% h& ()-,!3@40% h& ()-!10%
"10% h& ()-10% h& ()-10% h& ()--- i K- KL6Y% 0% h&' () - 34$10%

) -

) -

)-2110% h&' ()1 &10% h --110% 10%

)2 1179 Gt e oo bt 1 18 z&%ﬁ}f}n P0aPaEE oo RIS RIG A Fooe

)-:$10% h& () -y8&10%

) - h’é@‘é@ﬂ%lﬁﬁ‘?‘i‘l@lk@u'i 1998P &2 ¥ )PH0YRIE E) - b 09| & () - #1094 & () -s! 10%] &
"()-1&10%1 & () - @10%| & ()-2A2223G333i K- K, $10%1| & () -) &10%| & () -' F9d0%l| &
"()-9040% & ()-# $10%4| & ()-s!#10%H & () - F#10%4| & () - 34L4445@B5i K- K: $10%|

& ()-819%40%t| & ()-6#10%4| & ()-4%$10%4 & ()-f2$10%4| & ()-LO@10%t| & ()-3. $10%

4| & () -5555556Y66i K: $10%}| & () -, Z%40%6& () - " 109%6&' () - $109%6& () -! 109 ()-10

4| 104| 104| f >&10%4| & () - 66#757<7=7>7?7V7}si K: $10%| & () - f MLOY%&' () - 10GLOGLOG@

S>&10%G& () - 109" () - s&L0Y% () - YA 0% () - V777

88P888i K- KS#10%&' () - SYVd0%&' ()- 109& ()-SS109%&' ()- Sl $10%&' ()- S10%&' ()-,,

10%&' ()-88999u999: i K- K& @10%&' ()-5-#10%& ()- @/ 109%&' ()- " -"10%& ()-S9' 109%&

O)- %"10%& ()-S

109 ()-:%:+:,:-:.:h: i K@@10%&' ()-910% & ()-@0% & ()-!10% & ()-101010>9

109%&' ()-,910% ()-::?7,Q;;; <iK-K(

10% & ()-&SH10% & ()-#10% & ()-!'10% & ()-10% & ()-, 0% & ()-,f 10% & () -

<Cy<<<<<<<}si K ( 10% & ()-s310%

h& ()-210/10/10/y>910% & ()- 610% & () - Y4Y10% & () - 3.

10% & () -<=?=y===>J>I K-K'$ "10% h& ()-9 10% h& ()- 10% h& ()- 10% h& ()-f

10% h& ()-10% h& ()-y' 10% h& ()-J>>>?!? ?}??i K-Kf > 10% h& () - &F10%

h& ()-6#10% h& ()-08&10% h& ()-.-#10% h& ()-(,#10% h& ()-y&" 10%

h& () -?????2@HA@ @ Kf >: 10%

h& () - @0%B& () - GLOYB&' () - Sf109B&' () - S9$109B&' ()-, "109B& ()-10 h10 hlo0

h[ GAAOATA™ AAI K- Kf 2! 109B&' () -/ 109B& ()-9-109B& ()-& 109B& ()-'f

109B& ()-,!109B& () - S#109B&' () - AAAB#B$BYB&BSB} si Kf 2! 109B&' () - y10% & () - 10B1

0B10B>: 109B&' () -9109B&' ()-6109B&' ()-4

%409B& ()-SBBBBCC }si Kf 2! 109B&' ()-y10% & ()->:10% & ()-y-10% & ()-f "10% &

()-9,10% & ()-y 10% & ()- Normal"™ "Heading 13]c" "Heading 23] c" "Heading

33] c" "Heading 43]c" "Heading 53]c" "Heading 63]c" "Heading 73]c" "Heading

83] c" "Heading 93] c"A "Default Paragraph Font |

=2z@ 1", 2>4- 79<9%@ @FHILNPRTVXZ\ " b6* 98- 5: @23456789:; _ 0 jua?|

| p#8UKE&' J) J*, - _/ h02356V78: :

<<J>?[ @GASBC<=>?@\BCDEFCGHI JKLMNOPQRSTUVWKYZ[\ ]~ _"abcdef ghi j k6Ti mnes New

RomanAri al Couri er New'h Root EntryWrdDocunent

" #$UR' ()*+,-./0123456789: ;

<=>? @GABCDEFGHI JKLMNOPQRSTUWKYZ[\ ]~ _"abcdef ghij kl m

& (
h&(
h& (
h& (
h& (
h&: (

- 16 -



