Docket 2000. 112 OXI DATI ON RESI STANT SEPARATCOR FOR A BATTERY Field of the
I nvention The invention is directed to reducing or preventing oxidation of

the m croporous nmenbrane separator used in a rechargeable |ithiumion
battery. Background of the Invention Rechargeable (or secondary) lithium
ion batteries (hereinafter lithiumion batteries) are commonly used today

in, for exanple, hand held (cellular) telephones and | aptop conputers,
anong other things. Those lithiumbatteries are favored because of their
hi gh engyg¥.densid wa1ohi gh voltage, and good charge retention. These
batteries typically use a lithiated carbon material as the negative

el ectrode, intercal ati on conpounds, such as transition netal oxides (e.g.,
Li xCoQ2), as the poshipsereleridRdasr SEFAROROHSR NO/RAGekyi N menbranes as
t he separator between the electrodes, and liquid electrolyte contained
within the pores of the nenbrane and in el ectrochem cal conmunication
between the el ectrodes (reference to positive and negative is during

di scharge). Further detail ongihes sateLi ahsefsgonstruction of these

vari ous conponents may be found— Ttm Cinden, D, Editor, Handbook of

Batteries, Zthgdiﬁde%QnoNb% W rected to reducing or preventing oxidation

of the microporous membrane separator used in a rechargeable

lithium-ion battery.

Background of the Invention

Rechargeable (or secondary) lithium ion batteries (hereinafter
lithium ion batteries) are commonly used today in, for example,
hand held {cellular} telephones and laptop computers, among other
things. Those lithium batteries are favored because of their high
energy density, high voltage, and good charge retention. These
batteries typically use a lithiated carbon material as the negative
electrode, intercalation compounds, such as transition metal oxides
(e.g., LiyCoO;}, as the positive electrodes, microporous polyolefin
membranes as the separator between the electrodes, and liquid
electrolyte contained within the pores of the membrane and in
electrochemical communication between the electrodes (reference to
positive and negative is during discharge). Further detail on the
materials of construction of these varicus components may be found

in Linden, D., Bditor, Handbook of Batteries, 2nd Edition, McGraw-



-1 HIl, I'nc., New York, NY 1995, pp. 36.1 - 36.77, and Besenhard, J.O,
Edi tor, Handbook of Battery Materials, WIley-VCH Verlag GrbH, Wi nheim

Ger many, 1999, for exanple pp. 47-55, each of which is incorporated herein
by reference. These batteries are distinguished fromso called "lithium
pol ymer" batteries that are characterized by electrolytes that are in the
formof a gel or solid, and consequently, have |ower conductivities. Sone
such separators are described in Besenhard, J.Q, ibid., pp. 557-558,

i ncor por at, her ei n ef er en t |t o] full

char ged, %ﬁg p ’é‘ft i \1]\@3 gP]é}ét (r?&c])’glggfggt?%d@)%' ecgérréég??é g ?génégseeg% gl zi ng )altgent
because of its i.tive val ence reb cr ve
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conponent s | ectrodes, ele tes d separatqrs t he e
coggonentwf %ﬁ@”ﬁus@é’ﬁiﬂ%re %%g'dgéfaajé? R r? p@PaEle%at)elagﬁl of Whlcﬁl is

envi ronnent .  OXi d%a%% of the separat or und gétrabl . .The separator
serves sevSPEPOFY REINORE 54 etrSn?%sul at Efrddes from one

anot her, i nt ernal gor Th| | nsul n f [ i's
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characterized by electrolytes that are in the form of a gel or
solid, and consequently, have lower conductivities. Some such

separators are described in Besenhard, J.0., Ibid., pp. 557-558,

incorporated herein by reference.

When the lithium ion battery is fully charged, the positive
electrode (cathode) becomes a strong oxidizing agent because of its
high positive valence, thereby creating at the positive
electrode/separator interface a very tough environment for the
battery components (electrodes, electrolytes, and separators). All
these components are susceptible to degradation, via oxidation, in

this environment.

Oxidation of the separator is undesirable. The separator
serves several functions, one is to insulate the electrodes from
one another, i.e., prevent internal shorting. This insulating
function is accomplished by the use of polyolefin membranes. When
a polyolefin separator is oxidized, it looses its physical and

chemical integrity and is thus unsuitable for its original intended



a polyolefin separator is oxidized, it |looses its physical and chem cal
integrity and is thus unsuitable for its original intended - 2 function.
This shortens the useful life of the battery because the battery no | onger
can hold its charge due to internal shorting wthin the battery. This

oxi dative environnment at the positive el ectrode/separator interface may be
nore fully understood with reference to the follow ng. For exanple, a
typical lithiumion battery nay have: a positive el ectrode (cathode)
containing lithiumcobalt oxide, Iithiumnickel oxide, or I|ithium
nmanganes el OGO Li KebOBhRIEERD e hediusetiss el fife Péi Haf thatfery bregatsey she

el ectrode (anode) containing a _lithiated carbon; a liquid electrolyte

cont ai ni nBAE9E%t RPukPReat capebetd itisprBage |duel Ea) interan laphertiegor gani c
solvent (m xtures of EC, DEC, DMC, EMC, etc); and a m croporous polyolefin
menmbr ane. V1A h§edPetRivge, |ithiumions migrate fromthe negative

el ectrode (anode) containing the l[ithiated carbon to the positive

el ectrode (cathode) containing LixCoOQ2. The cobalt is reduced froma +4
val ence to a +3 val ence, and current is generated. During charging,
current i s suppiifet*tPEE BAYIEAPRL &t Vit &98iFHveedes§rode/separator

interface may be more fully understood with reference to the

following.

For example, a typical lithium ion battery may have: a
positive electrode (cathode) containing lithium cobalt oxide,
lithium nickel oxide, or lithium manganese oxide {Li.CoO, will be
discussed hereinafter); a negative electrode (anode) containing a
lithiated carbon; a liquid electrolyte containing a lithium salt
{e.g., LiPF¢ or LiClO,) in an aprotic organic solvent (mixtures of
EC, DEC, DMC, EMC, etc); and a microporous polyolefin membrane.
During discharge, lithium ions migrate from the negative electrode
(anode) containing the lithiated carbon to the positive electrode
(cathode) containing Li,CoO,. The cobalt is reduced from a +4
valence to a +3 valence, and current is generated. During
charging, current is supplied to the battery at a vocltage in excess
of the discharge voltage to move the lithium that migrated to
positive electrode (cathode}) back to negative electrode (anode),
and the cobalt is oxidized from the +3 valence to the +4 wvalence

state. In commercial batteries, a fully charged battery typically



of the discharge voltage to nove the lithiumthat mgrated to positive

el ectrode (cathode) back to negative el ectrode (anode), and the cobalt is
oxi di zed fromthe +3 valence to the +4 valence state. In conmerci al
batteries, a fully charged battery typically 3 consists of about 75% of the
cathodic active material (e.g., cobalt) to be at the +4 val ence state and,
if LixCoO2 is used, x is about 3.5. Inthis state, the cobalt of the
positive electrode (cathode) is a strong oxidizing agent. It can and w ||
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oxi dation can be seen. ure 1 is a photograp € magnifi'ed i mage of
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battery failure. or eqoi ati'on probfemis comon. \Wen batteries
are

Separator oxidation can be seen. Figure 1 is a photeograph of
the magnified image of an oxidized separator. The separator is a
microporous polyethylene membrane made by a ‘wet’ or ‘phase
inversion’ process. This separator was recovered from a fully
charged cell that had been stored in an oven (85°C) for three days.
The dark areas are the oxidized areas. Figure 2 is a schematic
illustration of the cross section of the membrane shown in Figure
1. It is believed that these dark areas have less physical and
chemical strength. Poor mechanical strength can lead to shorts and

thus battery failure.

The foregoing oxidation problem is common. When batteries are
stored in a fully charged condition, when batteries are stored, at
temperatures greater than room temperatures, in a fully charged
condition, or when batteries are charged at a constant voltage
“4.2V for an extended period of time, the oxidation problem arises.
The latter situation is common, for example, when a laptop computer

is left ‘plugged in’ and therefore continuously charging. In the



stored in a fully charged condition, when batteries are stored, at
tenperatures greater than roomtenperatures, in a fully charged condition,
or when batteries are charged at a constant voltage -4.2V for an extended
period of tinme, the oxidation problemarises. The latter situation is
common, for exanple, when a |l aptop conputer is left 'plugged in' and
therefore continuously charging. In the - 4 future, the oxidation problem
may become nore severe. The current trend is for these batteries to be
able to operate at tenperatures _greater than roomtenperature and for
these to PEVEEor B P LIOBRIFIE™ FRY tRAELaPeT e SEYPESL er TR &HTF B M
tenperature. Therefore, oxidation at these greater potential tenperatures
will 1i keiBpriBeisntre wrsr B2 IRIESEIFAGPS 2R MkeFR TRETALReBH FYPHAFEE?S es and
separators that resist oxidation at the positive el ectrode

(cat hode)J5§&pEFatB?n Hae FREREI VTS FRE hfUMTDEAS bt B8r FEOBePmefiy 1¥f t he

I nvention A lithiumion rechargeable battery conprises: a negative

el ect r odeFTEdEFEed2t o GIRFE2HPT T ERORE TRAT KGOUI STIRETGEUTS- polieEriere.

el ectrode adapted to gain electrons during di scharge, a m cropaqrous

separ at orO*ERAWPR Hed %&S\ﬁeﬁﬁe%%ﬁrd PR6ETHI e TEMBRER Gt Sakdl Saf Hiely be

more severe.
Accordingly, there is a need for batteries and separators that
resist oxidation at the positive electrode (cathode)/separator

interface of a lithium ion battery.

Summary of the Invention

A lithium ion rechargeable battery comprises: a negative
electrode adapted to give up electrons during discharge, a positive
electrode adapted to gain electrons during discharge, a microporous
separator sandwiched between said positive electrode and said
negative electrode, an organic electrolyte being contained within
said separator and being in electrochemical communication with said
positive electrode and said negative electrode, and an oxidative
barrier interposed between said separator and said positive

electrode, and thereby preventing oxidation of said separator.



negati ve el ectrode, an organic electrolyte being contained wwthin said
separator and being in electrochem cal communication with said positive

el ectrode and said negative el ectrode, and an oxidative barrier interposed
bet ween said separator and said positive electrode, and thereby preventing
oxi dation of said separator. - 5 Description of the Drawi ngs For the
purpose of illustrating the invention, there is showmn in the drawi ngs a
formthat is presently preferred; it being understood, however, that this

invention is not limted topdNigipRE6RI SE el BAGRIRIY S and instrunentalities
shown. Figure 1 is a photograph Of an oxidized Separator. Figure 2 is a
schematic illpst rafel pOr9fsd NG a1 08S SACHOMLOTidecseRaraldde $80¥LN
Figure 1. Detailed Description of the Invention As discussed above, the

battery iy gnteehariagabh eedidt Rindm i@rbrel;%tfyzprét&@eéatﬂerﬂe% are vel |
known as is demonstrated by reference to Linden, Handbook of Eatterles,

2nd Edi thﬁﬁer%@cﬂ""howﬂ/ér, |G, chew %Welﬁtiwii%%1 1%&&5?%%?‘9%0',

Handbook of Battery Materials, WIley-VCH Verlag GrbH, Wi nheim Gernany,

1999, bOercise arrangements and instrumentalities shown.
Figure 1 is a photograph of an oxidized separator.

Figure 2 is a schematic illustration of the cross section of

the separator shown in Figure 1.

Detailed Description of the Invention

As discussed above, the battery is a rechargeable lithium ion
battery. Such batteries are well known as is demonstrated by
reference to Linden, Handbook of Batteries, 2nd Edition, McGraw-
Hill, Inc., New York, NY, 1995, and Besenhard, Handbook of Battery
Materials, Wiley-VCH Verlag GmbH, Weinheim, Germany, 1999, both

incorporated herein by reference.

The rechargeable lithium ion battery referred to herein may be
any rechargeable lithium ion battery. These batteries may be, for
example, c¢ylindrical, prismatic (rectangular), or pouch type gel
polymer cells. Rechargeable lithium ion batteries with ligquid

electrolytes, however, are preferred. Liguid electrolytes are used



i ncorporated herein by reference. The rechargeable lithiumion battery
referred to herein may be any rechargeable lithiumion battery. These
batteries may be, for exanple, cylindrical, prismatic (rectangular), or
pouch type gel polyner cells. Rechargeable Iithiumion batteries with
liquid electrolytes, however, are preferred. Liquid electrolytes are used
to distinguish these batteries fromlithiumgel or polynmer batteries that
use gel or solid electrolytes. The batteries with |liquid electrolytes are
commercial |y, .avail apl e and include, but are not limted to, types 14500,
16530, 17f§b63,15f88§b%5}26§‘66? BEAa s gé%‘ﬁis‘,thi%@%l, Ognaoimwars. The
negative el ectrode adapted to give_up el ectrons during .discharge.is any
mat eri al RGHPEAEFoh2d )}lsﬁsﬂﬁli% £He a?i?ﬁé:ro Yeetr oddS RateehgSq¥abhe
lithiumbatteries. Such materials are, lithiumnetal, lithium all oy,

it hi at ed B BoRSEHRIVERENET R i TTerEL at 1 GYFOLRRLS F06h 1B HMAR e PUEhare
lithiumalloy may be LiAl. The lithiated carbons é&gtercalation of carbon)
may be LIt 5GATOFeE I 5, SYRASr b THe dAFBOn 47200t of S ampP00 o e 26F
graphite._ The transition netal conpounds may be Li W2, Li MoQ2, LiTiS2. The
Ii t hi at e Bond* 3 4t% e &Pt The positive el ectrode adapted to gain

el ectrons during

The negative electrode adapted to give up electrons during
discharge is any material conventionally used in a negative
electrode in rechargeable lithium batteries. Such materials are
lithium metal, lithium alloy, lithiated carbons, and transition
metal compounds. For example, the lithium alloy may be LiAl. The
lithiated carbons (intercalation of carbon) may be Lip C¢ or LiCg,
where the carbon is, for example, coke or graphite. The transition
metal compounds may be LiWQ;, LiMoQ.,, LiTiS,;. The lithiated carbons

are preferred.

The positive electrode adapted to gain electrons during
discharge is any material conventionally used in a positive
electrode in rechargeable lithium batteries. Such materials are
characterized as having: high free energy of reaction with lithium,
wide ability for intercalation, little structural change on
reaction, highly reversible reacticn, rapid diffusion of lithium in
solid, good electronic conductivity, no solubility in electrolyte,

and readily available or easily synthesized from low-cost



di scharge is any material conventionally used in a positive electrode in
rechargeable lithiumbatteries. Such materials are characteri zed as havi ng:
high free energy of reaction with lithium wde ability for intercalation,
little structural change on reaction, highly reversible reaction, rapid
diffusion-of lithiumin solid, good electronic conductivity, no solubility
in electrolyte, and readily available or easily synthesized from | ow cost
- 7 materials. Such materials include, for exanple, MS2, MQ2, Ti S2,
NbSe3, Li Co®2, LiN @, LiM2O4, V6013, V205. The preferred materials

i ncl ude maCe®Rald i NisGRh hatr2@ds Theludsst fpreéeanmded . i Bosi CadlR., The:,

m cr oporous separator is sandw ched between the negative electrode and the
posi ti ve NoiSeet rlodeD: ,THede OsedaMat@r sVahe, M9pi c&hkypneie rfedonm pat yadlsef | ns,
but other filmform ng polyner nmay be used. The pol yol efins include

pol yet hyliewéugde nigd Grdi: NgL1M0RE, LiIMDPE, HBPEposnbreERE) ,ispdligpPopyl ene
(PP), polynethyl pentene (PWMP), polybutylene (PB), copolyner thereof, and
m xtures of any of the foregoing. These separators may be nade by either a
dry stretch (Celgard) process or a wet (or phase inversion or extraction)
process. SuchTkepuircaioprsoas esepamaerti B [spndvacheblbtetwkennti@elrnggrdiverc. of

Charlotte, NC, Tonen Chem cal Corporation of
electrode and the positive electrode. These separators are

typically made from polyolefins, but other film-forming polymer may
be used. The polyolefins include polyethylene (including LDPE,
LLDPE, HDPE, and UHMWPE), polypropylene (PP}, polymethyl pentene
(PMP) , polybutylene (PB), copolymer thereof, and mixtures of any of
the foregoing. These separators may be made by either a dry
stretch (Celgard) process or a wet (or phase inversion or
extraction) process. Such separators are commercially available
from Celgard Inc. of Charlotte, NC, Tonen Chemical Corporation of
Tokyo, Japan, Asahi Kasei Corp. of Tokyo, Japan, and Ube Industries
of Tokyo, Japan. Such separators may be single layered or multi-
layered. Single layered HDPE and UHMWPE separator and PP/PE/PP

multi-layered separators are preferred.

The electreclyte may be any conventionally known electrolyte.
Such electreolyte may be characterized by good ion conductivity
{(>107 S/cm from -40 to 90°C) to minimize internal resistance, a
lithium ion transference number approaching unity, a wide

electrochemical voltage window {0-5V), thermal stability, and



Tokyo, Japan, Asahi Kasei Corp. of Tokyo, Japan, and Ube Industries of
Tokyo, Japan. Such separators may be single |ayered or multi- |ayered.
Single | ayered HDPE and UHMAPE separator and PP/ PE/PP nulti-|ayered
separators are preferred. The electrolyte may be any conventionally known
el ectrolyte. Such electrolyte may be characterized by good ion
conductivity (>10-3 S/icmfrom-40 to 90C) to mnim ze internal resistance,
a lithiumion transference nunber approaching unity, a wde

el ect r ocheginaly, yﬁlg g8 Bﬁﬁg\é (c%ﬁvlmééh mal st era%)%g at'\f'ectm' yte is a

conmpatibility wt her conmponent Préfera

ol PR GR E8 1P\ i au Ihe BRTLT O] ddG 1GRDT 1300 B 20LER 200 2

salt. The solven ovvn aprotic sofvents i hc , but are

not Ilmt@&nptrqse?byt%/aﬂﬁe%egf? gngélg)ér bon{@é&?ggéy;@g F;Tidﬁlm s

di met hoxyet hane ene carbonate (EC),

di met hyl amtfggn Bod )R}%g c‘:Lecaf,lg),pr}:l tehereoﬁmlt%l eEhoxyet hane (DEE),

et hyl methyl car nat mxtures e salts nay i ncl ude,

but are nQfc bttt (e PF@etzhH}@%EQ Cgﬁégfect "lc% 7 eg vaxi: F6,

Lid &4, and 'm xtures thereof e pre erre TPF6 in
EC DEC, LB 1kRe B M mar@andpdy Pl @h&/ﬁ]ene carbonate (EC), dlmethyl

carbonate (DMC), diethyl carbonate (DEC), diethoxyethane (DEE),
ethyl methyl carbonate (EMC) and mixtures thereof. The salts may
include, but are not limited to, LiPFe¢, LiAsF¢, LiCF3S0,,
LiN{CF380;)3, LiBFs, LiCl0Q,, and mixtures thereof. The preferred
electrolytes include: LiPF; in EC/DEC; LiBF, in EC/DMC; and LiPFe in
EC/EMC. The most preferred electrolytes include: LiPFg in EC/EMC

and LiBF, in EC/EMC.

The present invention is directed to reducing or eliminating
oxidation that occurs at the interface between the positive
electrode and the separator. The reduction or elimination of
oxidation that occurs at the interface between the positive
electrode and the separator improves the cell’s performance.
Performance enhancements occur in cycle life characteristics, and
shelf life characteristics at low and high voltages and at low and
high temperatures, but especially at high temperatures (e.g., >
35°C, especially > 55°C. For this purpose, an antioxidative

barrier is interposed between the separator and the positive



EC/ EMC. The nost preferred electrolytes include: LiPF6 in EC EMC and Li BF4
in EC EMC. The present invention is directed to reducing or elimnating

oxi dation that occurs at the interface between the positive electrode and
the separator. The reduction or elimnation of oxidation that occurs at
the interface between the positive electrode and the separator inproves
the cell's performance. Performance enhancenents occur in cycle life
characteristics, and shelf life characteristics at |ow and hi gh vol t ages

and at |low and high tenperatures, but especially at high tenperatures
(e.g., > eldmEroggperinyieavgns gsidatisr ¢hidHFEPasetoan FAVEBXT Fcive

barrier is interposed between the separator and the positive 9 electrode to
prevent BATTAErSn BFT tHESéPardtoret BVerfil%uch barriers, for exanple, are
set out below. The m croporous separator may be made of a polymer that is
resistant to oxidation, and that polynmer nmust be in contact with the
positive electrode, Here, the polyner of the separator is the ,

ant i oxi dat i ve THEr P SFOPERYSi FERAFFLREFRAIPSATEASt Pk B ATArEERrthadydR

pol ymers incl ude pol ypropyl enes and_hal ocar bons, 619'“ pol vinyLigene

f1 uoride ’(Wlﬁlt)'ﬂ,nth‘Pﬁ’@t‘géﬂPﬁor"i‘Pdettﬁ?Feﬁ%lWFE)‘?t € 1n contact Wit

the positive electrode. Here, the pelymer of the separator is the
antioxidative barrier, and it is integral with the separator. Such
polymers include polypropylenes and halocarbons, e.g.,
polyvinylidene fluoride (PVDF), polytetrafluoro ethylene (PTFE),
and copolymers of halocarbons. Such polymers must have a greater

resistant to oxidation than polyethylene.

The separator may have a discrete polymer coating formed onto
a separator, and that polymer coating must be in contact with the
positive electrode. Here, the discrete polymer coating is the
antioxidative barrier. Such polymer, as above, includes
polypropylene, halocarbons, e.g., polyvinylidene fluoride (PVDF),
polytetrafluoro ethylene (PTFE) and copolymers of halocarbons, and
metal oxides, e.g., Rl;0; and Ti0O;. In this solution, the coating
is formed on any conventional separator, discussed above for
example, by any conventional means. The coating may be very thin,
e.g., one molecule thick, and should not impede the movement of
ions across or through the separator. A coating of PVDF, for

example, may be < 0.4 mg/em®. Accordingly, the coating must be



and copol yners of hal ocarbons. Such pol ynmers nust have a greater resistant
to oxidation than pol yethyl ene. The separator may have a discrete pol yner
coating formed onto a separator, and that polyner coating nmust be in
contact with the positive electrode. Here, the discrete polyner coating is
the antioxidative barrier. Such polyner, as above, includes
pol ypropyl ene, hal ocarbons, e.g., polyvinylidene fluoride (PVDF),
pol ytetrafluoro ethyl ene (PTFE) and copol yners of hal ocarbons, and netal
oxi des, e.g., A1203 and Ti®2. In this solution, the coating is fornmed on
any conventfifdpabnsbpatdcsr to didubdsedxbdihionf of thex@epheatyny, dwy not
conventional neans. The coating may be very thin, e.g., one nolecule
thi ck, ar® shégkdasocic urgede ildbibyéearntlcof acters tder 6sBaHrtthridugh t he
separator. A coating of PVDF, for exanple, may be < 0.4 ng/cnt.
Accor di ngingulyhengesiseng niesialbaesigpanegpitsientls ceAtték to inhibit
oxi dation of the separator, but not so thick as to unduly inhibit ion flow
across the separator (i.e., wunduly increase internal resistance within the
cell). The positive el ectrode (cathodg%qnay have a di screte pol yner
coati ng for medheheeeidi veafdesHadepdryrerded o 88Y g VuSt IPECFRL T MIPLHEEY with
the separator. Here, the discrete polyner coating is the

coating formed therecon, and that polymer coating must be in contact

with the separator. Here, the discrete polymer coating is the
antioxidative barrier. Such polymer, as above, includes
poelypropylene, halocarbons, e.g., polyvinylidene fluoride (PVDF),
polytetrafluoro ethylene (PTFE) and copolymers of halocarbons, and
metal oxides, e.g., Al;0; and TiO,. 1In this solution, the coating
is formed on any positive electrode, discussed above for example,
by any conventional means. The coating may be very thin, e.g., one
molecule thick, and should not impede the movement of ions across
or through the interface between the separator and the positive
electrode. A coating of PVDF, for example, may be < 0.4 mg/cm’.
Accordingly, the coating must be sufficiently thick to inhibit
oxidation of the separator, but not so thick as to unduly inhibit
ion flow (i.e., unduly increase internal resistance within the

cell).

The microporous separator may include antioxidants in the
polymeric material. These antioxidants may be dispersed throughout

the polymeric material forming the separator, but preferably it

- 11 -



antioxidative barrier. Such polyner, as above, includes polypropylene,

hal ocar bons, e.g., polyvinylidene fluoride (PVDF), polytetrafluoro

et hyl ene (PTFE) and copol ynmers of hal ocarbons, and netal oxides, e.g.,
A1203 and Ti®2. In this solution, the coating is fornmed on any positive

el ectrode, discussed above for exanple, by any conventional neans. The
coating may be very thin, e.g., one nolecule thick, and should not inpede
t he novenent of ions across or through the interface between the separator
and the positive electrode. A coating of PVDF, for exanple, na¥ be < 0.4
my/ cnR.  SROELE dPh IR CceRhEr h Bt n g fstc D et s iR isapéﬁﬁitgirfﬁ}a&k i &t ikhi bi t

oxi dation of the separator, but not so thick as to unduly inhibit ion flow
(i.e., URHUFPPPIRT 8sENF MRt itdler BSFStEN e WP tTHN ERE © %I"-If)f.lc?ﬁ% of

m croporous separator may_incluyde antioxidants in the ol ric material.
These: anti Gx HBdTe G35 b/ par SaE (H GgHbtRe 1 RESER SretT e s or i o
formng the separator, but preferably it - 11 should ge cqoncentrat ed at
the facePOfOFhE® RFEFEEORIt hdt S/ FP P PR ApUsEE Fo the? Fi Jering
electrodeh to,. maxi mze the efficacg of the,antiodeagi. Ant i oxi dants are
rout i nel y &d88e8°Td PoPyREFES 1 i'6r 9t o PIGEEESFnd YPHTESEY dfft'toxi dant s

rotect the polyner duri
P extrBsggﬁ) as we?? as, subsequently during use, that is exposure

to the atmosphere. Those antioxidants may be useful in protecting
the separator from the instant problem, but the initial
concentration of antioxidant added before processing should be
increased significantly. The significant increase (perhaps,
greater than 100 times) is needed because during processing 70-80%
of the antioxidant conventionally added to the polymer is
sacrificed to protect the polymer. Thus an insufficient amount is
left after processing to adequately protect the separator.
Accordingly, if the conventional addition rate for a particular
antioxidant was 0.01-0.1% by weight of the polymer, then with the
instant invention, the addition rate may be increased to 1-10% by
weight. ©f course, the antioxidant should be present in an amount
sufficient to inhibit oxidation of the separator at the interface
between the positive electrode and the separator. An additional
consideration is that the antioxidant should not be soluble in the
electrolyte. Such antioxidants include, but are not limited to,
for example: phenols; phosphorous containing compounds (phosphates,

phosphonites); and sulfur containing compounds {thiosynergists).
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the rigors of processing (e.g., extrusion, typically nelt extrusion), as
wel | as, subsequently during use, that is exposure to the atnosphere-
Those antioxidants nay be useful in protecting the separator fromthe
instant problem but the initial concentration of antioxidant added before
processi ng should be increased significantly. The significant increase
(perhaps, greater than 100 times) is needed because during processing
70-80% of the antioxidant conventionally added to the polyner is
sacrificed to protect the polyner. Thus an insufficient amount is |eft
af t er pr egessley dfosadequatielxydpnog ectclubde, sieparatonot JAogiaredi ngly, if the
conventional addition rate for a particular antioxidant was 0.01-0. 1% by
wei ght ofiRchropalopwer IRGARDS WicBh [REANOXNSt ant, iamdeARGANOX tMIe 1apd] tdaath rat e
may be increased to 1-10% by weight. of course, the antioxidant should be
present kcpmaerailyt avelidbhle émbmt ©ibatGeboy Oximdakicdonodf thranbepay at or at
the interface between the positive electrode and the separator. An
addi ti on8&ilf. cOmsivder ati anticscitihats t e rarifeoxedlavitens hbel gblhaterbe sol uble in
the electrolyte. Such antioxidants include, but are not limted to, for
exanpl e: mphentdls;isppodphomnoiesec @i urdimg TORPOUNDSE( PRRBHN sinels THMWPE) |
phosphonites); and sul fur containing conpounds (thiosynergists). - 12 -
The separator may have a discrete antioxidant coating formed

thereen, and that coating must ke in contact with the positive

electrode. The coating is, preferably, very thin, i.e., should not

impede the movement of ions across or through the interface between

the separator and the positive electrode, and protects the

mechanical integrity of the separator by suppressing oxidative

degradation. The coating may be applied by any conventional

coating method including, for example, brushing, spraying, via

roller, or immersion. Of course, the antioxidant should be present

in an amount sufficient to inhibit oxidation of the separatcr at

the interface between the positive electrode and the separator.

Like above, these antioxidants should not be soluble in the

electreclyte. Such antioxidants include, but are not limited to,

for example: phencls; phosphorous ceontaining compounds (phosphates,

phosphonites); and sulfur containing compcunds (thiosynergists).

Examples of such antioxidants include, but are not limited to,

IRGANOX 1010, IRGAFOS 168, IRGANOX B-125, and IRGANOX MD 1-24, each

commercially available from Ciba-Geigy Corporation of Cranberry,

- 13 -



Exanpl es of such antioxidants include, but are not limted to, |RGANOX
1010, | RGAFCS 168, | RGANOX B- 125, and | RGANOX MD 1-24, each commercially
avai l abl e from Ci ba- Gei gy Corporation of Cranberry, NJ. The use of
antioxidants is preferred when the polyneric material is polyethylene

(i ncluding LLDPE, LDPE, HDPE, and UHWAPE). The separator may have a

di screte antioxidant coating forned thereon, and that coating nust be in
contact with the positive electrode. The coating is, preferably, very

f[ hin, i.eg. shadlgdefe ahﬂp@;@ﬁatrﬂ% oY, ErQIi \bl?é]’? el Bé :xritchr ough the
interface between the separator and the positive el ectrode, and protects

the mechanieeabii ¥ @@ tynfedd1e iS8PAE AL IBYE S URINEES BbBE, X0 MBE) |
degradation% The cogg{kg ngyebe éppliedggy any conventi onal c?gklng}nethod
i ncludi ng, for exanple, brushing, spraying, via roller, or imersion.
course, the antioxidant should be present in an amount sufficient to

i nhibit oxidathenpdfittile SERANRYR nady hdve sl aw&@eé,eagsawfaﬁa&h%ogg&% Ive

el ectrode and the separator. Like above, these anti oxidants shou t be

sol ubl e ifbried tRéRGHT, Obyé e haSUGRaaDhd GxisdaBt Sih nedider Pty arg not linited
to, for exanple: phenols; phosphorous containing conpounds (phosphates,

phosphonidegsyatand sulkl Uba€omy alsi Pe £HMAYN DS £ NIQSY NS Gi Sthy1a EXQPI es

of such antioxidants include, but are not limted to,
impede the movement of icns across or through the interface between
the separator and the positive electrode, and protects the
mechanical integrity of the separator by suppressing oxidative
degradation. The coating may be applied by any conventional
coating method including, for example, brushing, spraying, via
roller, or immersion. Of course, the antioxidant should be present
in an amount sufficient to inhibit oxidation of the separator at
the interface between the positive electrode and the separator.
Like above, these antioxidants should not be soluble in the
electrolyte., Such antioxidants include, but are not limited to,
for example: phenols; phosphorous containing compounds (phosphates,
phosphonites}; and sulfur containing compounds (thiocsynergists).
Examples of such antioxidants include, but are not limited to,
IRGANOX 1010, IRGAFOS 168, IRGANOX B-125, and IRGANCX MD 1-24, each
commercially available from Ciba-Geigy Corporation of Cranberry,
NJ. The use of antioxidants is preferred when the polymeric

material is polyethylene (including LLDPE, LDPE, HDPE, and UHMWPE) .



| RGANOX 1010, | RGAFCS 168, | RGANOX B- 125, and | RGANOX MD 1-24, each
comercially avail able from C ba- Gei gy Corporation of Cranberry, - 13 NJ.
The use of antioxidants is preferred when the polyneric material is

pol yet hyl ene (including LLDPE, LDPE, HDPE, and UHMAPE). The positive

el ectrode may have a discrete antioxidant coating forned thereon, and that
coating nust be in contact with the separator. The coating is, preferably,
very thin, i.e., should not inpede the novenent of ions across or through
the interface between the separator and the positive el ectrode, and

prot ect s t he Theegranesal invenggent yawfbet kubeding dnopthsr dpFpeesssimpt

oxi dative degradation. The coating may be applied by any conventi onal
coati ng depdodiriondirodi voe Srdriexanplte Brashiyy, aSprapetRy, thereckol ler, or
i mersion. OF course, the antioxidant should be present in an anount

suf fi ci eprdt cedamyidhngl pxi ekfsirencef shhd dsbparadotcathe t #paNGedr fhtienshet ween
the positive el ectrode and the separator. Like above, these antioxidants
shoul d nosther ddlagbke the thrregefiegtgnsiojfécasieh A8t idkiehheds thacseke, but
are not limted to, for exanple: phenols; phosphorous containing conpounds
( phosphafésthe phwyephdait es); and sul fur contai ni ng conpounds
(thiosynergists). Exanples of such antioxidants include, but are not
limted to,
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| RGANOX 1010, | RGAFCS 168, | RGANOX B-125, and | RGANOX MD 1-24, each
comercially avail able from C ba-CGei gy Corporation of Cranberry, NJ. The
use of antioxidants is preferred when the polyneric naterial is

pol yet hyl ene (including LLDPE, LDPE, HDPE, and UHMAPE). - 14 The present
invention may be enbodied in other forns without 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 which is

d ai med: ThatAwhic¢hiienGleame@char geabl e battery conprises: a negative

el ectrode adapted to give up electrons during discharge, a positive

el ect rode adapt ed & d igdinmel@tireghsrakatilgg batdi @chaogeriassi cr opor ous
separator sandw ched between said positive electrode and said negative
el ectrode, an or ganiregekéee rolgntachei adprtedt bd resideniuphe hesaichs sepamat or
and being in electrochem cal communication with said positive el ectrode
and sai d disgherge: el ectrode, and

a positive electrode adapted to gain electrons during
discharge,

a microporous separator sandwiched between said positive
electrode and said negative electrode,

an organic electrolyte being contained within said
separator and being in electrochemical communication with said
positive electrode and said negative electrode, and

an oxidative barrier interposed between said separator
and said positive electrode, and thereby preventing oxidation of

said separator.

2. The battery of Claim 1 wherein said separator comprises a

polypropylene membrane.

3. The battery of Claim 1 wherein said separator comprises a

polyvinylidene fluoride membrane.

4. The battery of Claim 1 wherein said separator comprises a
multi-layered separator wherein the layer facing the positive

electrode being selected from the group censisting of



an oxidative barrier interposed between said separator and said positive
el ectrode, and thereby preventing oxidation of said separator. 2. The
battery of Claim1 wherein said separator conprises a pol ypropyl ene
menbrane. 3. The battery of Claim1 wherein said separator conprises a
pol yvi nyl i dene fluoride nmenbrane. 4. The battery of Caim1l wherein said
separator conprises a nulti-layered separator wherein the |ayer facing the
positive electrode being selected fromthe group consisting of - 16
pol ypr opyl ene, hal ocarbons, copolyners thereof, and m xtures thereof. 5.
The bat t gjo1 v@kol Béra 1 hahBEgitbsai dopXl Ehadrisvehboddfi elandCRPNir®eS a coating
formed on said separator and in contact wwth said positive el ectrode. 6.
The battaemerebtC aim5 wherein said coating conprises a polyner selected
fromthe group consisting of polypropyl ene, hal ocarbons, co-polyners
t hereof, netal oxides, and m xtures thereof 7. The battery of Claimb5
wherein said coating conprises an

5. The battery of Claim 1 wherein said oxidative barrier

comprises a coating formed on said separator and in contact with

said positive electrode.

6. The battery of Claim 5 wherein said coating comprises a
polymer selected from the group consisting of polypropylene,

halocarbons, co-polymers thereof, metal oxides, and mixtures

thereof.

7. The battery of Claim 5 wherein said cecating comprises an
antioxidant.

8. The battery of Claim 7 wherein said antioxidant being

selected from the group consisting of phenols, phosphorus
containing compounds, sulfur containing compounds, and mixtures

thereof.

9. The battery of Claim 1 wherein said oxidative barrier

comprises a coating formed on said positive electrode and in

contact with said separator.
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antioxidant. 8. The battery of Claim7 wherein said antioxidant being

sel ected fromthe group consisting of phenols, phosphorus containing
conmpounds, sul fur containing conmpounds, and m xtures thereof. 9. The
battery of Caim1 wherein said oxidative barrier conprises a coating
formed on said positive electrode and in contact with said separator. - 17
10. The battery of Caim9 wherein said coating conprises a polyner

sel ected fromthe group consisting of polypropyl ene, hal ocarbons,
co-polymers thereof, netal oxides, and m xtures thereof. 11. The battery
of Claim9 wheoei mzaibdtcen idfg ctanprd sesrain asdiidoxodaimg cbdprIhesbattery
of Caim1l wherein said antioxidant being selected fromthe group

consi st i @ l@iephesialcs edphosp dfeu §roep icaish kN ing arp euhdsyostleler,  cont ai ni ng
conmpounds, and m xtures thereof. 13. The battery of Claim1l wherein said
oxi dat i venahareresn<,orprbsEpnary itarteaht sedbd pex iz ,i ahd i wzepar at or.

thereof.

11. The kattery of Claim 9 wherein said coating comprises an

antioxidant.

12. The battery of Claim 11 wherein said antioxidant being
selected from the grocup consisting of phencls, phospheorus
containing compounds, sulfur containing compounds, and mixtures

thereof.

13. The battery of Claim 1 wherein said oxidative barrier

comprises antioxidants dispersed into the separator.

14. The battery of Claim 13 wherein said antioxidant being
selected from the group consisting cof phenols, phosphorus
containing compounds, sulfur centaining compounds, and mixtures

thereof.

15. The battery of Claim 13 wherein said antioxidant further

comprising about 1-10% by weight of said separator.
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14. The battery of Claim 13 wherein said antioxidant being selected from
the group consisting of phenols, phosphorus containing conpounds, sulfur
cont ai ni ng conpounds, and m xtures thereof. 15. The battery of C aim 13
wherein said antioxidant further conprising about 1-10% by wei ght of said
separator. - 18 16. The battery of Claim 13 wherein said antioxidant being
concentrated at the face of said separator adjacent said positive

el ect r ode.

16. The battery of Claim 13 wherein said antioxidant being
concentrated at the face of said separator adjacent said positive

electrode.
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