Docket 2000. 138 BATTERY SEPARATOR FOR LI THI UM POLYMER BATTERY Field of the
I nvention The invention is directed to a battery separator for |ithium

pol ymer or "gel" batteries. Background of the Invention A |ithium polyner
battery or a lithiumgel battery is knowmn. See, for exanple, U S. Patent
Publ i cati on No. 2002/ 0168564A1 which is incorporated herein by reference.
These lithium polynmer batteries are different fromlithiumion secondary
batt ePpeketTRO00silg®i fi cant differences are: the use of a gel electrolyte
versus the use of a liquid electrolyte, and the flexible packaging for
containing the active battery elenments versus the rigid can (button or
cylindrical or prismatic) for containing the elenents. Originally, the hope

of pol yner batterﬂpﬁﬁ}%%mt S I o] t he
separator. That is the gel e ectrol@?% Ea%€$gﬁs%§%?§ g Fﬁg%gggde and the

cat hode. But, that scheme has been |eft behind for at |east two reasons.
First, the gel electrolyte did not provide any shutdown capability, a
safety feature to reduce the occurrence of catastrophic short-circuiting.
Second, the soft gel electrofyrddned dinef Iavanui®rhandle in the

The invention is directed to a battery separator for lithium

pclymer or “gel” batteries.

Background of the Invention

A lithium polymer battery or a lithium gel battery is known.
See, for example, U.S. Patent Publication No. 2002/0168564A1 which
is incorporated herein by reference. These lithium polymer
batteries are different from lithium-icon secondary batteries. Two
significant differences are: the use of a gel electrolyte versus
the use of a liquid electrclyte, and the flexible packaging for
containing the active battery elements versus the rigid can {button

or cylindrical or prismatic) for containing the elements.

Originally, the hope of polymer battery develcopers was to use
a gel electrolyte as the separator. That is the gel electrolyte
would separate the anode and the cathode. But, that scheme has
been left behind for at least two reasons. First, the gel
electrolyte did not provide any shutdown capability, a safety

feature to reduce the occurrence of catastrophic short-circuiting.



battery manufacturing process. Batteries are typically made in a

conti nuous operation fromtapes of the elenents and a tape of gel did not
have sufficient nmechanical strength to withstand the rigors of the

manuf acturi ng process. Now, the gel electrolyte separator is replaced with
a gel polynmer coated m croporous nenbrane that is subsequently
inpregnated with a liquid electrolyte. The inclusion of the nenbrane

over caasnd het hé osefrengednetlepreblene wiatshdtilid igellt eleddad)d eirsepas at or.
The nenbranes can provide the shutdown capability and have the mechani cal
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W99/ 54953; V%))l/ 3922?; .and V\Q)%/ 39297, each ii i ncorpaorated_herein by
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2002/ 0168564, the separator conprises a m croporous nenbrane having a
coat i 9. t Themapuf pAgursnERMHECrESM-a mixture of a gel formng polyner, a
pl asticizer, and a solvent. The sol vent dissolves the gel form ng pol yner
and the plasticizer so that the m xture nmay be easily and evenly applied
to the nmenbrane. Al so, the solvent is
Now, the gel electrolyte separator is replaced with a gel
polymer coated microporous membrane that is subsequently
impregnated with a liquid electrolyte. The inclusion of the
membrane overcomes the aforementicned problems with the gel
electrolyte separator. The membranes can provide the shutdown
capability and have the mechanical strength to withstand the rigors
of the battery manufacturing process. Exemplary cocated separators
are described in U.S8. Patent Nos. 5,639%,573; 5,681,357; §5,688,293;
5,750,284; 5,837,015; 5,853,916; 6,322,923; 6,328,770; 6,337,101;

U.S. Patent Publication No. 2002/0168564; WOS59/54953; WO01/35296;

and W0O01/39297, each is incorporated herein by reference.

In U.S. Patent No. 6,322,923 and U.S. Patent Publicaticn
2002/0168564, the separator comprises a microporous membrane having
a coating. The coating is made from a mixture of a gel forming
polymer, a plasticizer, and a solvent. The sclvent dissclves the
gel forming polymer and the plasticizer so that the mixture may be

easily and evenly applied to the membrane. Also, the solvent is



2 relatively volatile, conpared to the other conponents, so that it my be

easily renoved. The renai ning coated separator (i.e., coating conprising
gel form ng polyner and plasticizer) is not porous and is not ready to be
i npregnated with electrolyte until it is nade porous. The plasticizer is

the pore-formng agent. The plasticizer, for exanple an ester-base
pht hal ate or an organic carbonate, nust be extracted to formthe pores-

This extaactéop velapiadds compaiedcest tofe dithaepamBdientACCoslingly, ¢ here
is a need for a | ess expensive coated separator for use in a lithium
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volatile than the second solvent. The second solvent acts as a pore fornmer
for thRerges-aBRniAgnpsl FRecy B&t &8 TEERNRT ohitdt IRCUIFRAEAES ot Rl it
general, a battery conprises an anode, a cathode, a separator, and an

el ectisl yede Fheomnode Thrd pdatshidde zsandw ¢ihg eore-forming agent. The

plasticizer, for example an ester-base phthalate or an organic
carbonate, must be extracted to form the pores. This extraction

step adds to the cost of the separator.

Accordingly, there is a need for a less expensive coated

separator for use in a lithium polymer battery.

Summaxry of the Invention

A battery separator for a lithium battery is disclosed. The
separator has a microporous membrane and a coating thereon. The
coating is made from a mixture of a gel forming pelymer, a first
solvent, and a second solvent. The first solvent is more volatile
than the second solvent. The second solvent acts as a pore former

for the gel-forming pelymer.

Detailed Description of the Invention

In general, a battery comprises an ancde, a cathode, a

separator, and an electrolyte. The anode and cathode sandwich the

separator. The electrolyte resides in the separator and is in




separator. The electrolyte resides in the separator and is in - 3

el ectrochem cal communication with the anode and cat hode. These conponents
are then sealed within a package. The conponents of this battery are
conventional and well known. For exanple see: Linden, D., Handbook of
Batteries, 2nd Edition, MGaw H |Il, New York, NY (1995) and Besenhard,

J. O, Handbook of Battery Materials, WIey-VCH New York, NY (1999). A

| i t hiedqraiophamiar]l gedmiyat 2k yon swiknhownhe Seacdended, caktbibde,. pFhese

36. 37-36.42, Besenhard, Ibid., pgs. 513-517, U S. Patent Nos. 5,418, 091;

5, 45eAfbnant 460G hadseebed Wsthiwos ppaakedeher ehae bympehenerces The
use of m croporous nenbranes as part of the separator for a polyner
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2002/ 0168 564A1 MD 99/54953 %é/39297 WO 01/ 39296; szdz A., "Plastic
Li -1 dOPLIEN(EH3°5) b eeaphardel ¥ sOw t HoBIRARE MEcBEH6ESYSs Massarialsy, »
Tel ecordia Report, April 2000; and Gozdz, A, et al, "Fabrication and

Per f dtifete/Charav e¥oxk | BY of 1¥$a5tic Li-lon Batteries Wth Bonded

A lithium polymer (or gel} battery is known. See Linden,
Ibid., pgs. 36.37-36.42, Besenhard, Ibid., pgs. 513-517, U.S.
Patent Nos. 5,418,09%1; 5,456,000; and 5,460, 904; each is
incorporated herein by reference. The use of microporous membranes
as part of the separator for a polymer battery is also known. See
h.S. Datent 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;
5,84%,433; 5,665,265, 5,716,421; 5,834,135; 6,322,923; 6,328,770;
6,337,101; U.S. Patent Publication No. 2002/0168564A1; WC 99/545953;
WO 01/39297; WO 01/39296; 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,” 198th Meeting of the
Electrochemical Society, October 22-27, 2000; each is incorporated

herein by reference.



Untreated M croporous Polyolefin Separators,” 198th Meeting of the

El ectrochem cal Society, October 22-27, 2000; each is incorporated herein
by reference. The separator for the gel polyner battery is a m croporous
menbrane having a coating thereon. The coating will be discussed in
greater detail after the follow ng discussion of the m croporous nenbrane.
The m croporous nenbrane refers to any suitable m croporous nenbrane. The

menbrane Ry ke Aetdd,C Ry ane, 91 BSYOUBLTic Hephra
menbr ane may begﬁggglfron1a polyoleﬁ?ﬁ Yﬁ€§enp aryypo | yol eflnggsﬁgpﬁde but
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pol yrret hyl pent ene ( P\P), copol ners_ of  any _of the fore oi ng and i xt ures
t her &Bf ITTRE Sfe St Rl e ef‘BJ;/l%Wﬁ%rdésﬁP§séPPeP htaﬁo@é§§099reas
known as the CELGARD(r) process) or a solvent extraction process (also
knownembrehe .gel extrusion or phase separation or phase inversion

process). The nenbrane may have the followi ng characteristics: an air
perneability (Gurley) of no nore than 300 sec/100cc (preferably < 200

sec/ 100cc, nost preferably < 150 sec/100cc); a thickness ranging from5 to

500 m cr oRs e Qi LRRIENED I NerkOr 492 1P0f e rBD8L any suitable microporous

membrane. The membrane may be a symmetric membrane or an
asymmetric membrane. The membrane may be made from a polyolefin.
Exemplary polyolefins include, but are not limited to, polyethylene
({PE, including LDPE, LLDPE, HDPE), ultra high melecular weight
polyethylene (UHMWPE), polypropylene (PP), polymethylpentene (PMP),
copolymers of any of the foregoing, and mixtures thereof. The
%embrane may be made by either a dry stretch process (also known as
the CELGARD?® process) or a solvent extraction process (also known
as the gel extrusion or phase separation or phase inversicn
process). The membrane may have the following characteristics: an
air permeability (Gurley) of no more than 300 sec/100cc (preferably
< 200 sec/100cc, most preferably < 150 sec/100cc); a thickness
ranging from 5 to 500 microns (u) (preferably 10 to 100 u, most
preferably 10 to 50 u); pore diameters ranging from 0.01 to 10
microns (u) (preferably 0.02 to 5 u, most preferably 0.02 to 0.5
) ; and a porosity ranging from 35 to 85% (preferably 40 to 80%).

The membrane may be a single layer membrane, a tri-layer membrane

(e.g., PP/PE/PP or PE/PP/PE), or a multi-layer membrane. The



preferably 10 to 50 ); pore dianeters ranging fromO0.01 to 10 mcrons (u)
(preferably 0.02 to 5, nost preferably 0.02 to 0.5 wu); and a porosity
ranging from 35 to 85% (preferably 40 to 80% . The nmenbrane nmay be a
single | ayer nenbrane, a tri-layer nenbrane (e.g., PP/ PE/ PP or PE/ PP/ PE)
or a multi-layer nmenbrane. The nmenbrane is preferably a shutdown separator,
for exanple see U. S. patent Nos. 4,650,730; 4,731,304; 5,281, 491;

5, 240, 65 565, 281 7,911 5,952, 120: Japanese Patent .No. 2642206,
and JAPIREANS R drte BEREP LAl oTREAC G 38BP TI0RL( 1 T PBACRRY LS, SEE0k-<

7/ 56320 (filed March 15, 1995); and UK Pat ent Agpllcatlon No. 9604055. 5
(fil ePFemtuAIGE 274, 69067204 £. 631 uBPER r &8ind8lpoPatéd . KEPsi 15 (HF5, 281 ;

ref erence. Suitable nenbranes are comercially available from Celgard

| nc., Thaa1 Alle, NSSUSA20Asdapathenai Bakehtdiist.r $6€820Et; dand Telpeameskapan;
Tonen Corporation, Tokyo, Japan; Ube Industries, Tokyo, Japan; N tto Denko
KK, Osakdent) aassl i @hdi BAt RKs . | pbeppat bonal(fillebamay, 10R 1USA) ;They sizatg ng
is added to at |east one external surface of the nenbrane. Preferably, the

coat i “&iﬁe@ﬁ@if&@ i8, b@%Bs,?xtsﬁaabK weteﬁee%g%ﬁltca%l@%m@n%oarc%fsersabl Y

t he coating es not stantially (e.g., % by volune) penetrate into
the pores of plEIDLADeST0Fh RS f ALY, LbEC 951! 19, G950 P Sy
reference. Suitabkle membranes are commercially available from
Celgard Inc., Charlotte, NC, USA; Asahi Chemical Industry Co. Ltd.,

Tokyo, Japan; Tonen Corporation, Tokyo, Japan; Ube Industries,

Tokyo, Japan; Nitto Denko KK, Osaka, Japan; and Entek

International, Lebanon, OR, USA.

The coating is added to at least one external surface of the
membrane. Preferably, the coating is applied to both external
surfaces of the membrane. Preferably, the coating does not
substantially (e.g., < 25% by volume) penetrate into the pores of
membrane; most preferably, the cocating does not penetrate into the
pores. The surface density of the coating, based upon the gel-
forming polymer alone, ranges from 0.12 mg/cm® to 0.7 mg/cm?,
preferably from 0.15 mg/cm2 to 0.3 mg/cm®, and most preferably about
0.25 mg/cm’. The coating is intended to facilitate bonding cof the
laminate structure, namely the anode/separator/cathode structure.

Additicnally, the coating helps retain liquid electrolyte within




pores. The surface density of the coating, based upon the gel- formng

pol ynmer al one, ranges fromO0.12 ng/cn2 to 0.7 ng/cnk, preferably fromO. 15
ng/cn2 to 0.3 ng/cnk, and nost preferably about 0.25 ng/cnR. The coating
is intended to facilitate bonding of the [|am nate structure, nanely the
anode/ separ at or/ cat hode structure. Additionally, the coating helps retain
liquid electrolyte within the |am nate structure and thereby reduces the

ri sk OE electrolyte | eakage coatlng i's agglled to. the nenbrane as a
m xt ukF flaylg’a f%rlfﬁqugﬁl%é thereby syedyryentNeandshk S&cEhacssPeehe.
The gel - form ng pol yner, descri bed in greater detail below, facilitates
bondi Agaskaehe nenbrane to the el ectrodes and retention of the electrolyte
within the |am nate structure. The solvents, both the first solvent and

t he second solvent, are preferably organic |iquids having a vapor pressure
of at least 760 mmHg at a tenperature of 150C or less. The first solvent,

described imhe ¢Ral®{g del alpp Pfé@"‘to'@hé'sﬁgn159agbsgg| ¥entiheugel Sffornm,pg
pol ymer and second solvent The first solvent allows the gel-form ng
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ShOU|%og%fﬁg(%gf§£é¥rn§%scrf§t algogggngglggtggl below, facilitates
bonding of the membrane to the electrodes and retention of the
electrolyte within the laminate structure. The sclvents, both the
first solvent and the second solvent, are preferably organic
liquids having a vapor pressure of at least 760 mm Hg at a
temperature of 150°C or less. The first solvent, described in
greater detail below, is ﬁsed to dissolve the gel ferming polymer
fand second solvent. The first solvent allows the gel-forming
polymer and second solvent to be intimately mixed and facilitates
the even application of mixture over the surface of the membrane.
The first solvent should be able to form at least a 20% scliution of
the other components. The first solvent also is easily driven out
of the mixture. Preferably, the first solvent has a boiling point
of < %0°C. Easily driven off preferably refers to a solvent that
will evaporate with little or no applicatiocn of drying energy
{e.g., heat). The second solvent, described in greater detail
below, is also referred to as the pore former for the gel-forming

polymer; is a weaker solvent or a non-sclvent when compared to the

first solvent; and may swell the gel-forming polymer, but does not




t he ot her conponents. The first solvent also is easily driven out of the
m xture. Preferably, the first solvent has a boiling point of < 90C

Easily driven off preferably refers to a solvent that wll evaporate with
little or no application of drying energy (e.g., heat). The second
solvent, described in greater detail below, is also referred to as the

pore fornmer for the gel-formng polyner; is a weaker solvent or a

non- spl vent when np red,to the first solvent; and may swell the

gel - ?Han Fpbi t HoePhét the 9% V€Q¥TF%%nB?%Y@g§-di§§Bﬁ§etbﬁe

gel - forn1ng pol y mer. After the first solvent |eaves the m xture, the

r emai ﬁnﬁgtcéﬁéb’@ém d era3tafi &£ henohipoibrs coat Teme bhi kaecouppacsat sf fnembaane.
When the second solvent is driven fromthe coating, a porous coating of

gel foonmpgropd yorert ingsiatestion 4inef sue f af emefbtdmee mrenbhanethdheesenand
solvent is less volatile than the first solvent (i.e., it is not as easily

drivepodi/bnas itheidivest sRiveaiid  cSoihql &tpdLdws né‘oéeﬁngsebsgémt EéHang
remai ns) while the first solvent is renoved. Preferably, "the Second
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driven off as the first sclvent), so that it remains (or
substantially remains) while the first solvent is removed.
Preferably, the second scolvent has a boiling point of about 20°C or
more than the first solvent, preferably, about 30°C or more above
the first solvent. Preferably, the second solvent has a boiling
peint no greater than about 150°C. The second solvent may be

driven off by the application of drying enexrgy (e.g., heat).

The gel-forming polymer may be selected from, but is not
limited to, polyvinylidene flucride (PVDF); polyurethane,
polyethylene oxide (PEQ), polypropvlene oxide (PPO);
polyacrylonitrile (PAN), polyacrylamide, polymethylacrylate,
polymethylmethacrylate, polyvinylacetate, polyvinylpyrrclidnone,
polytetraethylene glycol diacrylate; copolymers of the foregoing,
and combinaticns thereof. One criteria 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 affecting coating the copolymer onto the



driven off by the application of drying energy (e.g., heat). The

gel -form ng polynmer may be selected from but is not Ilimted to,

pol yvi nyl i dene fluoride (PVDF); polyurethane, polyethylene oxide (PEO,
pol ypropyl ene oxide (PPO; polyacrylonitrile (PAN), polyacryl am de,

pol ynmet hyl acryl ate, pol ynet hyl met hacryl ate, pol yvi nyl acet at e,

pol yvi nyl pyrrolidnone, polytetraethylene glycol diacrylate; copolyners of

t he foregoi ng, .,and nbi.nat i ons. thereof. One criteria for compnomner

sel ecr?elﬁ“fns !t HeE c%‘r%@ﬁ%ﬁgp' ggag}"fai EYPPO YIS 1y (R S PdER%en DY t he
honopol ymer. Surface energy inpacts, at least: the solubility of the
copol CtinrRdyt ary eBRIHG 266 HEEnGEh 6 WBSSAURRSr R drentintheche he
adhesi on of the copolynmer to the nmenbrane, thereby affecting battery
manufwestiglel ady sobsehaenbapenpor tthecebyard fient i ngetattaduirptiorofof ehe
coating, thereby affecting absorption of the liquid electrolyte into the
separlaiqrid S é@bt €l gogonaner shei Bepadardut ana tild idad@thridys

hexaf | uor opr opyl ene (HFP), octofl uoro-I-butane, octofl uoroisobutane, and

tetrafiuoiaet whengre fBe GORBRRAER ~CORLSRlr IRTRIRRAW &anogs-4y om 3 to 20%
by weight, ©preferably 7 to 15% Preferably, the gel™-formng polyner is a

gggglé[yén’%grf% oxgcg% %{#ﬁg%%%gﬂ%&:tﬂogpbggbai? %]:Jecra%%l ,y ’ax}dqetee:\é%%lfoolpooé%‘@efezjles. a
The comonomer content preferably ranges from 3 to 20% by weight,
preferably 7 to 15%. Preferably, the gel-forming polymer is a
copolymer of polyvinylidenefluoride. Preferably, the PVDF
copelymer is a copolymer of polyvinvlidenefluoride and
hexafluoropropylene (PVDF:HFP), and most preferred is PVDF:HFP with
a weight ratio of 81:9. The PVDF polymer and copolymers are
‘;ommercially available from Atochem, Philadelphia, PA, USA, Sclvay
SA, Brussels, Belgium, and Kureha Chemicals Industries, Ltd.,

Ibaraki, Japan. A preferred PVDF:HFP copolymer is KYNAR 2800 from

Atochem.

The first solvent may be selected from, but is not limited to,
tetrahydrofuran, methylethylketone, acetone, low molecular weight
glymes, and combinations therecf. The first solvent is the major
component of the mixture that forms the cocating. The mixture is a
dilute solution, where the first solvent forms from 80-99% by
weight of the mixture, preferably 85-55%, and most preferably 86-

88%. The preferred first solvent is acetcne.



hexaf | uor opr opyl ene (PVDF: HFP), and nost preferred is PVDF-HFP with a

wei ght ratio of 91:9. The PVDF pol yner and copol yners are commercially
avai l abl e from At ochem Phil adel phia, PA, USA, Solvay SA, Brussels,

Bel gium and Kureha Chemi cals Industries, Ltd., |Ibaraki, Japan. A
preferred PVDF: HFP copol yner is KYNAR 2800 from Atochem The first sol vent
may be selected from but is not limted to, tetrahydrofuran,

nmet hyl et hyl ket one, acetone, | ow nol ecul ar wei ght glynes, and conbi nations
thereof. The first solvent is the mgjor conponent of the m xture that
forms the coating. The mxture is .a dilute solution, where the first

sol vent foFRE FEBRANBOSEIVEHY LReitdiit PO e HOLHSE ¥ WreraghnigremRes5% and
nost preferably 86- 88% The preferred first solvent is acetone. 9 The
secondo$pheent Khet fie rpdr scfloremsr ifsormarse vyel atfiolgri vhpn goiey nezcoride first
solvent is nore volatile than the second solvent (e.g., the second sol vent

has asbDwenhtvapog.pr essukecind e 1v&ane Heaperlajws e tdidr theeddiitd at the
solvent). The second solvent may be selected from but is not limted to,

pr opagghe tgﬁagteeeen%, thRYE &l £iand ottt hergal . sddhaddidieont onthe

second solvent, sone water may be added. The weight ratio of gel forning

pO'VWBE selected from, but is not limited to, propanol, isopropancl,
butanol, and mixture thereof. 1In addition to the second sclvent,
some water may be added. The weight ratio of gel forming polymer
to second solvent may be 1:0.5 to 1:4, preferably in the range of
1:2 to 1:3. When water is added to the second sclvent, the water
to second sclvent ratio is in the range of 0.25:1 to 2:1,
preferably 0.5:1. The second solvent is not a plasticizer.
’Plasticizers are, for example, phthalate based esters, cyclic
carbonates, polymeric carbonates, and mixtures thereof. Phthalate-
based esters are selected from, but are not limited to,
dibutylphthalate. Cyclic carbonates are selected from, but not
limited to, ethylene carbonate (EC}, propylene carbonate (PC),
butylene carbonate (BC), and mixtures thereof. Polymeric

carbonates are selected from, but are nct limited to, polyvinylene

carbonate and linear propylene carbonates.

In the manufacture of the foregoing coated separator, the
mixture is prepared. The mixture may be applied to the membrane in

any conventional manner, e.g., ceoating, immersion, spraying.



to second solvent may be 1:0.5 to 1:4, preferably in the range of 1:2 to
1:3. When water is added to the second solvent, the water to second
solvent ratio is in the range of 0.25:1 to 2:1, preferably 0.5:1. The
second solvent is not a plasticizer. Plasticizers are, for exanple,

pht hal at e based esters, cyclic carbonates, polyneric carbonates, and

m xtures thereof. Phthal ate- based esters are selected from but are not

limt butylp e r at e Sel ect d from .but not
Ilnrtgge%grab?k I%ﬁe E%?%g%%tés( fgp g%éﬁiar % P CB%%§P%ne
car bonat e nd _m xture thereof carbonates are se] ected
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carbonates. In the manufacture of the foregoi ng coated separator, the

m xt uvethgupr &par ege Pite heirkt ur Enearafd appliled s-ate se gaheikn any
conventional manner, e.g., coating, imrersion, spraying. - 10 Preferably,
t he nexapOEatedappkbé@rb%&a dnubhecﬁ&hiwiﬁﬁ)KhEHdpEﬂi¢mD£ﬁﬁSofTheaELrSt
solvent is allowed to evaporate, preferably wthout the use of heat.
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the application of heat. Uniformty of resistance of the coated separator

s Oflﬂﬁé?QBH@% to the battery manufacturer. Uniformity of resistance,
as measured by McMullin Number, is controlled by controlling the
relative humidity (%RH) during the coating process. It has been
determined that when the %RH is below 45%, preferably between 15-
45%, and most preferably between 38-44% that the McMullin Number
{see U.S. Patent No. 4,464,238 for discussion of McMullin Number,
incorporated herein by reference) may be controlled within the

range of 5-12, preferably 5-6 with a coating density of about 0.25

mg/cm?.

In the manufacture of a lithium polymer battery with the
foregoing separator, prior to the lamination of the foregoing
separator between the anode and the cathode, the separator should
be treated with a solvent and/or plasticizer to plasticize (or
soften) the coating, so that it can bond to the electrodes when
they are laminated together. Lamination occurs by the applicaticn
of heat and pressure usually applied via nip rollers. The
treatment is preferably a solution comprising a plasticizer and a

solvent. This solution preferably comprises between 10 to 30% by



inportance to the battery manufacturer. Uniformty of resistance, as
measured by McMullin Nunber, is controlled by controlling the relative
hum dity (9%RH) during the coating process. It has been determ ned that
when the %RH i s bel ow 45% preferably between 15- 45% and nost preferably
bet ween 38-44% that the McMiullin Nunmber (see U. S. Patent No. 4,454,238 for
di scussion of McMullin Nunber, incorporated herein by reference) may be

control} i £ hj - ge_o -12 referably 5-6 with.a ting density
oP" S Tk %?%Eﬁ?l?%ﬁ Spoknd 1on Ruekel Ax SIS Shets bt B Wit h
the foregoing. separator, _prior_to_the |lam nation of_ the foregoin

separ gtorPHREWtehZEhE éﬁﬁagdﬁnali‘ﬁéeéﬁt REFEONEE S e Phrdtor slﬂgmédlg s,

treated with a solvent and/or plasticizer to plasticize (or soften) the
coat idpllpl traccinataf . beadikylt Réicksesr odés lyan sefimatare |tamialaned
toget her. Lam nation occurs by the application of heat and pressure usually
appl igtbsplanep, robleadkyThee tilgatiert hes spr ehelr alilxe wa <50l dHd b CONPIHSI N
a plasticizer and a solvent. This solution preferably conprises between 10

to 3Webyents lincwehghl oRbrphasbhenzer kiek ohke , Seldwld, N, IMsihArgf erably 15

to 20% The plasticizers include al kyl ene carbonates, dialkyl phthal ates,
hydrocarbons, halogenated solvents, chlorinates hydrocarbons,
chlorinated fluorocarbons, and mixtures thereof-. The soclution may

be applied in any conventional manner, such as coating, dipping, or

spraying.

The foregoing shall be further illustrated with reference to

the following examples.

Examples

In the feollowing examples, the mixture comprised 280-285
pounds (127-130 kg) acetone; 8.5 pounds (3.8 kg) PVDF:HFP copolymer
(Kynar FLEX® 2800 from Atofina Chemicals, Inc., Philadelphia, PA);
22.7 pounds (10.3 kg) isopropanol; and 11.3 pounds (5.1 kg) water.
The mixture was applied by a double side, dip coating process.
Add-on was controlled in the range of about 0.25 mg/cm®. Acetone
was allowed to evaporate. The isopropanol/water was removed by
evaporation in an oven. It has been determined that the uniformity

{as measured by the McMullin Number} of the separator is improved



di al kyl succinates, dial kyl adi pates, dial kyl sebacates, trialkyl
phosphat es, pol yal kyl ene glycol ethers, and m xtures thereof. The solvents
i ncl ude | ower al cohols, ketones, esters, aliphatic hydrocarbons,

hal ogenat ed sol vents, chlorinates hydrocarbons, chlorinated fluorocarbons,
and m xtures thereof-. The solution may be applied in any conventional
manner, such as coating, dipping, or spraying. The foregoing shall be

furth il t i e : h owi_ng | e les In
the FaI5 b G REAT Bet o HhE® R RRLb sk SO Ee) Bt BT 1 )
acetone;, 8.5 pounds (3.§ Eﬁ) PVDF: HFP cogglyner (Kynar FLEX(r) 2800 from
At of iStE R el cBPRETmed PR PEHBEBRI 4> PA¥:~ 22.7 pounds (10.3 kg)

i sopropanol ; and 11.3 pounds (5.1 kg) water. The m xture was applied by a
doubl e side, dip coating process. Add-on was controlled in the range of
about 0.25 ng/cnR. Acetone was allowed to evaporate. The i sopropanol /water
was renoved by evaporation in an oven. It has been determ ned that the
uniformty (as neasured by the McMullin Nunber) of the separator is

i nproved when the percent relative humdity during the coating and drying
steps is controlled to between 15-44%

- 13 -



Rol | #Act ua
21718. 9- 386.80.24 4923.90.20 5107.50.23 6917.10.47 799.50.25 8910. 10. 28

91014. 50. 24 10418.1 -0.23 11426.50. 23 12426. 60. 24 13915. 00. 23 149na-
151010. 50. 22 16911. 00. 22 17912. 60. 23 181014. 50. 21

na

% McMul | i n #Add- On Fi ni sh Rel

Hum di tyng/cn2 11714. 3-

Actual % Add-On Finish
Roll # Rel. Humidity McMullin # mg/cm?
1 17 14.3 -
2 17 18.9 -
3 8 6.8 0.24
4 9 23.9 ¢.20
5 10 7.5 0.23
& 9 17.1 0.47
7 9 9.5 0.25
8 9 10.1 0.28
9 10 14.5 0.24
10 41 8.1 0.23
11 42 6.5 0.23
12 42 6.6 0.24
13 9 15.0 0.23
14 9 na -
15 10 10.5 0.22
i6 o 11.0 0.22
17 9 12.6 0.23
18 10 14 .5 0.21
19 13 12.6 0.21
20 44 6.8 0.27
21 49 8.5 0.28
22 54 8.1 0.27
23 49 11.2 0.27
24 54 8.4 0.29
25 52 na 0.24
26 45 na 0.25
27 48 8.1 0.22
28 45 5.5 0.23
29 44 10.7 0.23
30 54 10.3 0.23
31 48 12.2 0.24
32 45 11.7 0.22
33 na 11.4 0.23
34 41 6.0 na
35 41 5.8 na
36 42 5.9 na
37 42 5.9 na

not available

- 14 -




191312. 60. 21 20446. 80. 27 21498. 50. 28 22548. 10. 27 234911. 20. 27 24548. 40. 29
2552na0. 24 2645na0. 25 27489. 10. 22 28455. 50. 23 294410. 70. 23 305410. 30. 23
314812. 20. 24 324511. 70. 22 33nall. 40. 23 34416. Ona 35415. 8na 36425. 9na
37425.9na na = not avail able The present invention nay be enbodied in other
fornms w thout
The present invention may be embodied in other forms without
departing from the spirit and the essential 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.




departing fromthe spirit and the essential attributes thereof, and,
accordingly, reference should be made to the appended clains, rather than
to the foregoing specification, as indicated the scope of the invention.
That Wiich Is Clainmed: 1. A battery separator for a lithiumbattery
conprises a mcroporous nenbrane, and a coating thereon, said coating
being made froma m xture conprising a gel formng polynmer, a first

sol véiltatanghacketsndlaswedent, the first solvent being nore volatile than
t he second solvent, and said second solvent adapted to formpores in the

gel formng. pol xMeattryThephatiery f3RPAI Atidh iAGE Wil iyt & Sehsth 1a ds wher ei n
sai d second sol vent includes water. 3. The battery separator according to

Caiml mhereinaSQEQrogggohgrgk&%r%glyng&dFeing sel ected fromthe group
consi sting of polyvinylidene fluoride, polyurethane, polyethylene oxide,

pol ypr opyl ene oxi de olyacrylonitril.e, polyacryl am de .
bol yiret hyl acr yl &t 652 ONSmECRyERRr haaryt L8 36l JU 1A diadson @ mixture
pol yvi nyl pyrrol i dnone, _pol yt etraet hyl ene %Lycol diacryl ate copol yners of
t he &t %b?gaﬁdgﬁfxﬁapggngh@péappr, a Tirst solvent and a seccnd

sclvent, the first solvent being more volatile than the second
solvent, and said second solvent adapted to form pores in the gel-

forming polymer.

2. The battery separator according to Claim 1 wherein said

second solvent includes water.

3. The battery separator according to Claim 1 wherein said
gel forming polymer being selected from the group consisting of
polyvinylidene fluoride, polyurethane, polyethylene oxide,
polypropylene oxide, polyacrylonitrile, polyacrylamide,
polymethylacrylate, polymethylmethacrylate, polyvinylacetate,
polyvinylpyrrolidnone, polytetraethylene glycol diacrylate,

copolymers of the foregoing, and mixtures thereof.

4. The battery separator according to Claim 3 wherein said

gel polymer being a polyvinylidene fluoride:hexafluoropropylene

copolymer.




4. The battery separator according to Caim3 wherein said gel polyner
bei ng a pol yvi nylidene fluoride: hexaf| uoropropyl ene copolyner. - 16 5.
The battery separator according to aim1l wherein said first solvent
bei ng selected fromthe group consisting of tetrahydrofuran,

met hyl et hyl ket one, acetone, |ow nol ecul ar weight glynes, and m xtures
thereof. 6. The battery separator according to Caiml wherein said second
sol vent bet ng sBhechadtérpnsehergtoupacensidsngngooflbutmanolwhe reropaald

i sopropanol, and m xtures thereof. 7. A lithium polynmer battery conprising

an arfodest asshtdntebeing geepaedt rosantvi gredpbebwegrtsaigd cgnode and sai d
cat hode, said separator conprising a mcroporous nmenbrane and a coating

ther eQih r D3 8- 6P3LERY hEL Y1 BRAS kEeMR  MLXEWERCONBLI $IA% c1 A 98k, f1QE Ng

polymer, a first solvent, and a second solvent, the first solvent belng
nor e latile than.the sec lLvent, and said second solvent adapted to
form%?r%ﬁ?irﬁ?%embﬁ u?%gn?ﬁgréngner. 8. The lithium polyner battery of
Claim 7 further conprising

6. The battery separator according to Claim 1 wherein said
second solvent being selected from the group consisting of butanol,

propancl, isopropanol, and mixtures thereof.

7. A lithium polymer battery comprising

an anode,

a cathode, and

a separator sandwiched between said anode and said
cathode, said separator comprising a micropcrous membrane and a
coating thereon, said ccating being made from a mixture comprising
a gel forming polymer, a first solvent, and a second sclvent, the
first sclvent being more volatile than the second sclvent, and said

second solvent adapted to form pores in the gel forming polymer.

8. The lithium polymer battery of Claim 7 further comprising
an electrolyte being impregnated within said separator and in

electrochemical communication with said ancde and said cathode.



an electrolyte being inpregnated within said separator and in

el ectrochem cal communi cation with said anode and said cathode. 9. The
l'ithium polynmer battery of Caim7 wherein said second sol vent i ncl udes
water. 10. The lithium polynmer battery of Caim7 wherein said gel formng
pol ymer being selected fromthe group consisting of polyvinylidene
fluoride, polyurethane, polyethylene oxide, polypropylene oxide,

pol yacryl chi triTke bbﬂya@m praringe, baﬁ@le}’h‘epﬁylcéérlw at etherein said

pol ynmet hyl met hacryl at e, pol yvinyl acetate, pol yvinyl pyrrolidnone,

pol yteta@et hydErenygl yeoludeacwygkatre, copol yners of the foregoing, and

m xtures thereof. 11. The lithium polyner battery of Caim 10 wherein said
gel form ng pol yner being a polyvinylidene fluoride: hexafl uoropropyl ene
copolynmer. 12. The lithium polymer battery of Caim7 wherein said first

sol vent e?ﬁiﬁ fﬂugci?ghﬁ{i %B’ﬂ?m%&ﬁnﬁ%gg%{}?r Bl g Aqf, gf%ﬂeaﬁé’ﬂ{dé%roa el o

nmet hyl one, ~ace wei ght ynes m Xt

t hereof . 13. Th l'ithj ter f Cdaim7 wherein said second
ol B P OLY BET OBE PR P EREC R o Ehh et B BN L8 1 opanel

i sopropanol, and m xtures thereof. _
polyvinylidene fluoride, polyurethane, polyethylene oxide,

polypropylene oxide, polyacrylonitrile, polyacrylamide,
polymethylacrylate, polymethylmethacrylate, polyvinylacetate,
polyvinylpyrrolidnone, polytetraethylene glycol diacrylate,

copolymers of the foregoing, and mixtures thereof.

11. The lithium polymer battery cf Claim 10 wherein said gel

forming polymer being a polyvinylidene fluoride:hexafluoropropylene

copolymer.

12. The lithium polymer battery of Claim 7 wherein said first
solvent being selected from the group consisting of
tetrahydrofuran, methylethylketone, acetone, low molecular weight

glymes, and mixtures thereof.

13. The lithium polymer battery of Claim 7 wherein said
second solvent being selected from the group consisting of butanol,

propanol, isopropanol, and mixtures thereof.




-- is 14. A nethod of nmaking a battery separator for a lithium polyner
battery conprises the steps of: providing a m croporous nenbrane, providing
a mxture of a gel formng polymer, a first solvent and a second sol vent,
the first solvent being nore volatile than the second solvent, and said
second sol vent adapted to form pores in the gel-form ng pol ynmer, coating
the m xture onto at | east one side of the mcroporous nenbrane, driving
of f the fit4t shlwehhodt héreayihgr i bgtieryi Gegpardyy Mebraanel doated wit h
a non-porous coating of the gel formng polyner and the pore form ng
seconsbBph¥enbat asdydebwpid sefsf thize ssependfsol vent, thereby forming a

m cr oporous nenbrane coated with a porous coating of the gel- formng

pol yner. 15. Thg, g8t 9oL @iairPctdonereiib:Geat i ng conprises dip coating.
16. The method of Caim 14 wherein driving off the second sol vent conprises

heating. 17. Thg netfod of ¢l:glm. 14 whereld s,dhSRFP SlYent firse

solvent and a second solvent, the first solvent being more volatile
than the second solvent, and said second sclvent adapted to form
pores in the gel-forming polymer,

coating the mixture onto at least one side of the
microporous membrane,

driving off the first solvent, thereby forming a
microporous membrane coated with a non-porous coating of the gel
forming polymer and the pore forming second solvent, and

driving off the second solvent, thereby forming a
microporous membrane coated with a porous coating of the gel-

forming polymer.

15. The method of Claim 14 wherein coating comprises dip

coating.

16. The method of Claim 14 wherein driving off the second

solvent comprises heating.

17. The method of Claim 14 wherein said seccond solvent

includes water.



I ncludes water. - 19 18. The nmethod of C aim 14 wherein said gel formng
pol ymer being selected fromthe group consisting of polyvinylidene
fluoride, polyurethane, polyethyl ene oxide, polypropyl ene oxide,

pol yacrylonitrile, polyacrylam de, polynethylacrylate,

pol yret hyl net hacryl at e, pol yvi nyl acetate, polyvinyl pyrrolidnone,

pol yt etraet hyl ene gl ycol diacrylate, copolyners-of the foregoing, and

m xtures thereof. 19. The nethod of Claim 14 wherein said gel formng

pol ymer being a polyvinylidene fluoride:hexafl uoropropyl ene copol ynmer. 20.
The met hod of G aim 14 wherein said first solvent being_selected fromthe
group con§#%tiﬁ}?ﬁm?Qﬁ?%h9gr6%ﬁ%ﬁnl4 HE?H?FBtﬁ?PQeBSﬁefogBéPSn@oIﬁmﬁr

nol ecul ar wei ght glynes, and mxtures thereof. 21. The nmethod of C aim 14
wher bied rspise lsggmtl Sodwenive beragp seheésednfir om phéyyioywp idemsi sting of
but anol , propanol, isopropanol, and m xtures thereof. 22. A nmethod of

f or mfngica-ildd higsn noteteindat bel yecnpbeheesxitibe pbepprebylpneviching an

anode,
polyacrylonitrile, polyacrylamide, polymethylacrylate,
polymethylmethacrylate, polyvinylacetate, polyvinylpyrrclidnone,
polytetraethylene glycol diacrylate, copolymers-of the foregoing,

and mixtures thereof.

19. The method of Claim 14 wherein said gel forming polymer

being a polyvinylidene fluoride:hexafluoropropylene copolymer.

20. The method of Claim 14 wherein said first solvent being
selected from the group consisting of tetrahydrofuran,
methylethylketone, acetone, low molecular weight glymes, and

mixtures thereof.

21. The method of Claim 14 wherein said seccond solvent being
selected from the group consisting of butanol, propanol,

isopropanol, and mixtures thereof.

22. A method of forming a lithium polymer battery comprises
the steps of:

providing an anode,

- 20 -



- 20 providing a cathode, providing a separator, said separator conprising
a mcroporous nenbrane and a coating thereon, said coating being nade
froma mxture conprising a gel formng polynmer, a first solvent, and a
second solvent, the first solvent being nore volatile than the second

sol vent, and said second sol vent adapted to formpores in the gel formng
polymer, treating the separator with a solution of a plasticizer for the
gel " formng poPyrerding QAW or the plasticizer, renoving the sol vent
for the plasticizer, sandwi ching the treated separator between the anode
and the cat hoteevand rigoradissgatrizd canodes hds ¢ her Tabhodempoithegsepar at or .
23. The nethod of Claim22 wherein treating conprises innmersing the

sepamatebpbirosial thes®rdrieornd@4 cBx IR hoske o) aééTi&ch\zﬁ\ﬁeﬁﬁgnbéQHQVinQQet he
solvent for the plast|C|zer conprises evaporating the solvent. 25.  The

TeLneRl cCHANTLER WAERR D D porpr s Lariigt g M b heph o0t
and a second solvent, the first solvent being more velatile than
the second solvent, and said second solvent adapted to form pores
in the gel forming polymer,

treating the separator with a soluticon of a plasticizer
for the gel forming polymer in a solvent for the plasticizer,

removing the solvent for the plasticizer,

sandwiching the treated separatcr between the anode and

the cathode, and

bonding the anode and the cathode to the separator.

23. The method of Claim 22 wherein treating comprises

immersing the separator in said solution.

24. The method of Claim 22 wherein removing the sclvent for

the plasticizer comprises evaporating the solvent.

25. The method of Claim 22 wherein bonding comprises

laminating with heat and pressure.




bei ng selected fromthe group consisting of poly-vinylidene fluoride,

pol yur et hane, pol yet hyl ene oxi de, pol ypropyl ene oxide, polyacrylonitrile,
pol yacryl am de, pol ynet hyl acrylate, pol ynethyl nethacryl at e,

pol yvi nyl acet ate, pol yvi nyl pyrrolidnone, polytetraethylene glycol

di acryl ate, copolyners of the foregoing, and m xtures thereof. 27. The
nmet hod of C aim 26 wherein said gel form ng polyner being a polyvinylidene

f1uoride: hegaf | Tigs o Oydiene coReMY 18I whé@eifheheelead ffridy PR3 mwier ei n
the first solvent being selected fromthe group consisting of

B T

and mxtures thereof. 29. Th e second

e 89, B Pl T, Sy LR RE" LT 2 B A RS
polyacrylonitrile, polyacrylamide, polymethylacrylate,
polymethylmethacrylate, polyvinylacetate, polyvinylpyrrolidnone,
polytetraethylene glycol diacrylate, copolymers of the foregoing,

and mixtures thereof.

27. The method of Claim 26 wherein said gel forming polymer

being a polyvinylidene fluoride:hexafluoropropylene copolymer.

28. The method of Claim 22 wherein the first solvent being
selected from the group consisting of tetrahydrofuran,
methylethylketone, acetone, low melecular weight glymes, and

mixtures thereof.
29. The method of Claim 22 wherein the second sclvent being

selected from the group consisting of butanol, propanol,

isopropanol, and mixtures therecof.
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