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MATERI AL AND METHOD FOR LOW | NTERNAL RESI STANCE LI -1 ON
'BATTERY 5 BACKGROUND OF THE | NVENTI ON

“The present kfysmbisgn rel ates to secondary, rechargeable i@yuﬁﬁhpﬂfles
particularly such batteries which are constructed of | ayer ed,

pol ymeric conposition eIeptrg@gFﬁggP %ﬁg%ﬁ&k%khgers ﬁlenents | am nat ed

with electrically-conductive typically netallic
foils. More particularly, INPRRNAL RESNGTANCBNLIEIGN GATTERYUCh batteries
conprising reticulate 15 collector foils and provides a nmeans for reducing

the internal el ectrical resistance factor of such batteries which may,
in part, be attributable to insulating netallic oxides formed on
the surface of such collector foils, as well as the insulating ef f ect

of el ectPolyte solution wetting the electrode/collector 20 f ol

I nterface. Typi AL 5l 38 Vi ®TEPNPOSi tion battery
structures with which the présent |nvent|on is useful are descri bed,
for exanple, in U S Patents 5,460,904 and 25 5,478, 668. Such a battery
conprises respective positive and negative polyneric matri x el ectrode
conposition | ayers of lithiumintercal ati on conpound and carbon whi ch
are | am nated ﬂh@gerheentuﬁkWﬁntﬂenarEIQﬁQS dor senendaty e eshazpenble s

that g proyide Lhe PLLIB M8l BALE datieBi8E nidl a2QNP6H 1 W ea of

layered, polymeric composition electrode and electrolyte

elements laminated with electrically-conductive collector
members, typically metallic foils. More particularly, the
invention relates to such batteries comprising reticulate

15 collector foils and provides a means for reducing the internal
electrical resistance factor of such batteries which may, in
part, be attributable to insulating metallic oxides formed on
the surface of such collector foils, as well as the insulating
effect of electrolyte solution wetting the glectrbde/collector

20 foil interface.

Typical laminated polymeric composition battery
structures with which the present invention is useful are
described, for example, in U.S. Patents 5,460,904 and

25 5,478,668. Such a battery comprises respective positive and
negative polymeric matrix electrode composition layers of
lithium intercalation compound and carbon which are laminated
together and to metal foil current collector elements that
provide the primary terminals for electrical connections.

30



: 30 WD 97/ 27636

PCT/ US96/ 11741 As is known in the industry, the individua

el ectrical resi stance of each nenber of a battery structure
“contributes_to an overall internal battery resistance which represents
a non- WU i ve 1 0ad and energy drain in any util iPHYSHU cuit, 5
particul arly one which includes an external |ow inpedance devi ce. The
power di ssi pat-edAsni®vinaaniing thacindugmnynalthe indiekhstlaedechpical y
detracts di omt ef f1.Cl y .Of battery, |t further
generate w{e%?%lttxﬁéeé béag teg%l é&}'%évxgl%%o? Obaéteﬂ(egtt gl %‘éﬁgr?a%’tgqgé%f er9 ous

ef fect on rat ovekyll himtopmadt bentefy hfksisthachaihidly , reépiiesahs8d® #mdhe
integrity of the, battery. nenbers Vviz., the electrqdes and |,

el ectrol yt &° ggﬁl‘é?fg"c%/ds aé\réte)enetgy R dPafRY PRII13RF198) GAEFREE menber s
of the ot gdrkdoibat el one whichhineludys eachregesdl ahatipeligice 15

A significant .source of ele tricalﬁ%fsjstance has been observed in the

|
oxi de whi cKFV3581 1 1PF FAMELFEREPRLRY Adk C¥PTEARing such ApLRENR}| | ect or

foils, partriestikahye aldtriondy dptedetadivectly £FGH R obeliBi LR, RO WTEr
matrix lithiumintercal ati on conpound and carbon el ectrode

conposi ti oP@tERTHat MRy furshey genarats wighin the dbattereaabenal mdt ed
patents. AhsatC@iidh Malsl ANt ous effRY 8hHKE onf Ft@é%ﬁ%%hkﬁoﬂa% been
ich resu

the introduction of activating el ectrolyte sol ution sina
swel | iy athe battexpahuitoglse emcthe dategyityerbaihe dbagtenyroeibersof t he

sol ution bghyeenthdee Al acuadeand de flit g 8 HrectUCLERY 25

£ S
interfering with the firmphysical contac whi ch ensures goo
el ectri cal Pashdcelaxdy altyr bygholyreriarmembers of the noted ldhinatreesent

i nvention RLe}EdRSi &N zeécéh%%%gbm%fies. substantially elimnating the

formation of 1 nsulating netal oxl des on the collector elenents, as
wel | as of maintaining the

15 A significant source of electrical resistance has been
obgserved in the oxide which readily forms on the surface of the
current collector foils, particularly aluminum, preferably
employed with the polymer matrix lithium intercalation compound
and carbon electrode compositions of battery cells such as

20 described in the above-noted patents. Also contributing to the
resistance in these cells has been the introduction of
activating electrolyte solution which results in a swelling and
expansion of the electrode members and intrusion of the
solution between the electrode and collector surfaces, thereby

25 interfering with the firm physical contact which ensures good

electrical conductivity through these members.

The present invention provides an effective means of
substantially eliminating the formation of insulating metal
30 oxides on the collector elements, as well as of maintaining the

integrity of a strong physical, electrically-conductive bond



:integrity of a strong physical, electrically-conductive bond

- 2- WD 97/ 27636

_PCT/ US96/ 11741 bet ween the el ectrode and col | ector nmenbers, and

't her eby wolyasgti cal Iy reducing the internal resistancgbﬁﬁgﬁﬁyigpi-ion
I ntercal ation battery cells which are gaining favor in the | ndust ry-

5 SUVVARY. OF_. THE | NVENTI ON 1 In the
i npl ement at | BREETER ﬁ?epﬁég%ﬁ"r’f"‘*\g\f\;é‘ﬁt FBﬁIeﬁ’é‘?ﬁlmem;erSCO?’P%c&tﬁxe@Y enent s,
typically ofacaRielcadny abandidgnthel in@Bénal redisthacabdy dne whieibar m of
open-nmesh grids, are surface-treated . wWith solvent and etching solution
to remove priRERRGAIGtdPRsPakeryY celdst Whifk apg F8dniBg nERAVIUATh§he

manuf acture. jJhengafter, the 15 collector foil surfaces are coated with a

protective, netal - adherent, non-swelling polyneric conposition
conprisiRg a honogeneousl y di spersed el ectrically-conductive materi al,
such as carbon bl ack, which serves to maintain the electrical

conductivity between the coated collector nmenber and its 20 associ at ed
pol ymer - based el ect r ode. SUMMARY OfFh J'HEC LXON t he coati ng
conposition nmay be any

10 In the implementation of the present invention, metal
collector elements, typically of copper and aluminum foil and
preferably in the form of open-mesh grids, are surface-treated
with solvent and etching solution to remove processing oils and
metallic oxides formed during manufacture. Thereafter, the

15 collector foil surfaces are coated with a protective, metal-
adherent, non-swelling polymeric composition comprising a
homogeneously dispersed electrically-conductive material, such
as carbon black, which serves to maintain the electrical
conductivity between the coated collector member and its

20 associated polymer-based electrode.

The polymer of the coating composition may be any
material which is substantially insoluble in and preferably not
wetted or swollen by the solvents, such as ethers, esters, or

25 alcohols, used to extract the plasticizer, e.g., DBP, from the
battery cell electrode and separator members, and the lithium
salt solvents, such as the cyclic and acyclic carbonates,
comprising activating electrolyte solutions. Polyolefin-based
compositions, such as poly (ethylene-co-acrylic acid)

30 copolymers serve well in this role. Such a selected polymer

matrix not only provides a strongly-adherent protective film



.material which is substantially insoluble in and preferably not

or swollen by the solvents, such as ethers, esters, or 25 alcohols,

to extract the plasticizer, e.g., DBP, fromthe battery cell el ectrode
*and separ at ﬂ@f and the lithium salt solvents, such as the
cyclic and‘§?§%¥ car bonat es, conpri sing activati ndPEBVHGyt o __

sol uti ons.

(et hyl ene- odriger getersciupsegoent copiciations et \ﬁésweirésislts ldegrragheiobuch a
Y WBhauct 18 ddnt 1384 9ok @RI By SLESMHYERINCLED s ea

selected p
protective

Pol yol ef i n- based conpositions, such as poly

i

WO 97/2763@*008581ng solvents and electrolyte solut16KHYLB96/ll74l

whi ch” deters subsequent oxidation, but also resists degradation _
conductive continuity upon contact by subsequently-applied processi ng
sol vent® and el ectrol yte sol utions. 5 BRI EF o

e

DESCRI PTI ON OF THE DRAW NG The present invention wll
descri bed with referencehb%;ggrggﬁggégggaﬁﬁgm%ﬁ%m&ﬂéméﬁﬁng of whi ch:
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The present invention will be described with reference to
the accompanying drawing of which:

FIG. 1 is a perspective view of a representative section

of a typical polymeric laminated battery structure;

FIG. 2 is a plan view of a section of a current collector

grid member used in the battery structure of FIG. 1;

FIG. 3 is a cut-away elevational view of the current
collector member section of FIG. 2 taken along line 4-4 showing

the protective collector coating of the present invention;

FIG. 4 is a representation, in elevational section, of a
typical polymeric laminated battery structure showing
variations in disposition of the coated collector member within

the structure; and

FIG. 5 presents comparative charge/discharge cycle traces
of Li-ion cells comprising collector members with and without

treatment according to the present invention.

wet t ed
used

of



-FIG 1 is a perspective view of a representative section of a typical
polynmeric | am nated battery structure; 15 FIG 2 is a plan view
of a section of a current collector grid menber used in the battery
‘structure of vio$n7és FIG 3 is a cut-away el epeiissugatrayi ew of
the current col | ector rrenber section of FIG 2 taken along line 4-7~
show ng 20 the protective gQ esent invention;

FIG 4 is arepresentatlon a1 evatr ~a typi cal
polymeric |am nated battery structure shovm ng variations in

di sposition of the coated collector nenber within 25 the structure; and
FIG 5 presents conparative charge/di scharge cycle traces of Li-ion

cell's conprising crhd atrAetiRebef sa Wdpteaafit #t {40 Holymer-bhs&@tERlon
?Z_Co{dl n% to the %Desent Igéggt ix?nthe :r)’n%del of FIG. 1 as comprising a
PCT/PS96/117ﬁ$1tary laminate of a positive electrode composition layer 13
with its associated current collector member 12, an
intermediate separator/electrolyte layer 14, and a negative
electrode composition layer 15 with its associated current
10 collector member 16. When initially assembled for lamination,
the structure components typically include: as electrode 13, a
300 pm thick film of 56 parts by weight of a LiMn,0,
intercalation compound and 6 parts of carbon black intimately
dispersed in a binder matrix of 16 parts of an 88:12 vinylidene
15 fluoride:hexafluoropropylene (PVAF:HFP} copolymer plasticized
with 16 parts of dibutylphthalate (DBP); as separator 14, an 85
um thick f£ilm of 20 parts of colloidal silica intimately
dispersed in 30 parts of the copolymer plasticized with 50 parts
of DBP; and as electrode 15, a 200 pm thick film of 56 parts of
20 microbead coke and 3 parts of carbon black intimately dispersed

in 15 parts of the copolymer plasticized with 23 parts of DBP.

Since, as described in the above-noted patents, the post-
lamination processing of the battery structure will include a
25 solvent extraction of the DBP plasticizer from the polymer
matrices, one or both, as depicted in FIG. 1, of copper
collector foil 16 and aluminum collector foil 12 may be
reticulate, for example in the form of a 50 pm thick expanded
metal grid, such as the MicroGrid precision foil marketed by
30 Delker Corporation, in order to provide suitable pathways for

solvent penetration.



-DESCRI PTI ON OF THE | NVENTI ON The structure of a
representative pol yner-based Li-ion 5 battery nmay be seen in the nodel of

FIG "1 as conprising a unitary lam nate of a positive el ectrode
‘conposition | ayer 13 with its associated current collector nmenber 12,
an i ARt e separator/electrolyte layer 14, andPeI/ussgative __

el ectrode conposition layer 15 with its associated current 10 col |l ector
menber 16. Wen i triepkbyentsseitid ettamples adf NRlgr@ferred edtindenpChur e

conponents typically include, as electrode 13, a 300 pmthick film of
56 parts byt%gi%ﬁﬁs‘%r‘ OYFRERD Tespefhive SRHIBS eonporrrr &ad 6 parts of

carbon bl ackniniinufResbiinded foidi YReESE0 (Frd BindRreMBbiiag Uichbaparts of
an 88:12 vinyljdene 15 f1 uori de: hexaf | uor opr opyl ene ( PVdF: HFP) copol yner

pl ast i ci zedonductiye; fonpogihiian of grENeYFink IEHageccompwytive basparut or 14,

an 85 5  cq¥Bdrhibikcki | Sudl 20 v bapet IQ.OH:'L@:;QQ'Sea! Lhc% é&&de?@&&ii’y-
di spersed in 30 parts of the copolyner plasticized wt 0 parts of
DBP; and asa‘@@@%lsdéq%?u%\ FPepion ek 4 idopadiynes phrpclwthlensai cr obead

coke and 3 S car bl | i | in.15 parts of
t he copol yrr‘gj?{ 1'fol gg? }g?zgg% téacggé g%??gﬁ g#ryt[%ﬁg&%agﬂ Adcote p§ilﬁ'8§, as
descri bed i¥GiZ% Zbsvreswlttihpaemest coblemisir- material ampatise, pagcessi ng

of the batt A uelu widl hnc ) L vent traction of the DBP
pl asti ci zer%‘%/lﬁntegihgﬁp%%heir' enld Ln%lgg%?%’ésd son%tg?gﬁo SHETREEPEY eth i n
FIG 1100of alspem 1-5 pmmothimk dayeoi bf Iomhattdhvencomiosidicectar, foil 12 may
be

Example 1

A typical coating composition was prepared by dispersing
15 in a ball mill for about 1 h at room temperature about 5 parts
by weight of carbon black, about 100 parts of about a 12%
copolymer suspension, and about 100 parts of ethanol. The
dispersion was then thinned with about an equal part of ethanol
to provide a convenient viscosity for dip- or spray-coating the
20 grid substrate which ensured retention of the open areas 25 in
the grid. Prior to spraying portions of grid substrates with the
coating composition, oils and oxides were removed from the foil
surfaces with an acetone rinse and, for the aluminum grid, about
a 50 s dip in a 1 N aqueous solution of KOH or NaOH, followed by
25 water and acetone rinses and drying. The conductive coating
composition was then applied, and the coated grid material was
dried in air at room temperature. The amount of carbon has been
found to be useful in a range of about 5-50% by weight of the
dried coating, preferably about 30%.
30



.reticulate, for exanple in the formof a 50 pmthick expanded met al
grid, such as the McroGid precision foil marketed by 30 Del ker

‘Corporation, in order to provide suitable pathways for sol vent
‘penetration. - b- WO
97/ 27636 WO PCT/ Us/ 11741 Cr oot T,
representative exanples of a preferred enbodi nent of . the present

i nventi on, respechfve measuynenofofheohpryovemgnt in the xwASIFIABLBanded foi

grid 20 (FI G20 W8T By GIRILHErBhifedt accordCRGHLthee i O8PORI,| PR1OE of
commer ci al grade c¢onductive battery 5 carbon bl ack, such_as MM Super
P, di sper sedléh mn’cepemiarisalofytreated anghupsprated RAARELsGEHENsTh of a

copol yner Of]ragtﬁl %anégrleestpectivw%%ﬁ%l be &t 1800pm tNAORilms of

I nternati onal Adcote prine Cl2. The resulting current col|ector
mat eri al 5conhid sbdyeasoke electivpie taposificn 3 fopm atrele diesg sebdtrate

:232 enconmpassgd 1N 1916 v?é)rC)eUtth%nli:gsgga'g:&ércnpiilrlgﬂ%sérgé SPOGYSRYe conposition
resistance at various stages representative of the processing
of an actual battery cell. As initially prepared, the
comparative resistances of the treated:untreated collector

10 cells were 0.26Q:0.6Q). After methanol extraction of the DBP
plasticizer, the cells tested at 0.15£:0.50. Finally, after the
cells were immersed in 1 M LiPF¢/EC/DMC electrolyte solution to
substantially saturate the electrode composition, the tests
indicated resistances of 0.20Q:6.00. Similar test cells were

15 prepared of aluminum grid and films of LiMn,0; electrode
composition. The staged resistance tests of the treated:
untreated cells yielded results of 1.0Q:1.570, 0.720:0.65%,
and 0.83€:14.00Q.

20 Example 2

The coated collector grid materials of Example 1 were
assembled with previously-described electrode and separator
members 13, 14, 15 to fabricate battery cell laminates, such as

25 depicted at 10 and 40 (FIG.4)}. Due to the high level of
electrical conductivity exhibited by the coated collector
members, they may be respectively situated at any desired
location in the cell structure. For example, each collector
member may be overlaid upon its respective electrode film or

30 layer, as shown in FIG. 1, to be laminated with and, if in grid

form, embedded to any desired depth in its associated electrode



-A typical coating conposition was prepared by di spersing 15 in a ball

mll for about 1 h at roomtenperature about 5 parts by wei ght of
carbon bl ack, about 100 parts of about a 12% ~ copol ymer suspensi on,
‘and about 100 Jg,arts of ethanol. The di spersion was then thinned with

about an eq of et hanol to provide a conveni eRETUS%aIdity for
di p- or spray-coating the 20 grid substrate which ensured retention of the
open areas @u rthe applibatipwn chf I%rabmicamdrprtﬂgaitngnﬁoisfém&f grid

jon, oils and oxides were renoved

substrates y t he coa C

fromthe foil(\ﬂféé}na@w?ﬁyf W’t% %nmi %%ne r TR BCHREVE I EeE al uni num
grid, aboutimprovemen@ Sndi:lp)elﬁ‘btﬂ:cl;anadﬂeﬂuEeﬁﬁJlUEme Pésidrle BAOH,

fol | owned by acetone rinses and drying. The conductive

d
coati ng °a2t§6%1ﬁ5§ht FB LT MSTREp L SBRY B%d llaﬁ‘énﬁ’é%ﬁ Rptyieea mat eri al

was 5 draettionsabf elledtyode! RAPSFR1ULS. id f&aam%@&ﬁ@é@éw Jﬁ%ilgee“
found to be eful .in a range of about 5-50% by wei ght of
Coatlng, pr?ﬁé&%&b e BoSTtERfR, oxpa grid collector member 49 may be

assembled at the interface between its associated electrode 47
and separator member 45. In such latter embodiments, it is
convenient to allow for an extended collector grid tab, as at 42

10 or 48, in order to provide an accessible cell terminal.

After lamination, a completed battery cell as represented
in FIG. 1 was processed as described in the noted patents by
immersion in methanol to extract substantially all the DBP

15 plasticizer from the electrode and separator matrix
compositions. Ready access of the extracting solvent to these
members is ensured by the retained grid openings in at least one
of the collector members. Subsequent activation of the cell, in
the described manner, by immersion in an electroiyte solution

20 of 1 M LiPFg in an equipart mixture of ethylene carbonate (EC)
and dimethyl carbonate (DMC} prepared the cell for charge/
discharge cycling. The cell exhibited remarkably good internal
resistance of about 50-150 mQ/Ah capacity.

25 Example 3

In a comparative example to quantify the efficacy of the
collector coating compositions of the invention, a similar cell
was prepared in the manner described in U.S. Patent 5,470,357,
30 that is, the collector grid elements were pretreated with a

thin, post-heated prime coat of the PVAF:HFP electrode matrix
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As a neasure of the inprovenent in the resistance achieved by this
~treatnment according to the invention, pairs of 160 mmferr] sections of

“treated and &d copper grid were | am nated to rggRRRédMAPOrtions
of about 180“%%& Ick films of 5 the above coke el ectrode corrposlf‘tion To

formsinple test cells. These cells were then tested for transverse

el ectrical Polymer ke wnlpwsesilapipricin SCRGELOR DRGSR Lhpy BloFtiods

processi Ng ana cofiedbrtidtdlerBat Aftdr BltlracfSohNddd aldtt vBEEBAWIkn t he
conparative resistances of the treated:untreated col|ector 10 cells were

0.26: 0. 6[ erallectrplvie AslngAen. cshe selilopxlaibiypd pppinternyd) gepistange the
cells teste I 4doo0 I bapgeid) | bRty Nen ma€ils were

i mrer sed | n%fa%'ﬂbg?gllz%é% d[gl\gcmgll[fg‘%t rgf,gt%@so%ﬁﬁ%qn to{, © snt?bst anJ(i ally

sat ur at €5 t hempllered catd venrgoand jedectrpdyte ssalutions| vepseatfagct bohatiwes of

0.20[err]:6.4§rH%E L mlar .te re m grid

and filnms o [ Cgﬂ’ éea etc erl%dé&eiﬂlllioﬁgﬁ%gﬁét%pcz’tea%élggtr%é#estaaq’hé?e

tests of thesepacated:copolymenrninataicek cdlslos pgnetristed ahel tolbéctor

1.0[err]:1.52[err], O.72[err].0.65[err d 83[errl]:14.0] er.r]. 20

Examl o 5 eleficht plinds ZloakiBel sl [degragen PRE TSR SOOLRIY |

wer e aeteebh cthe\i éYediiredies ushd - thas coilhedt et efdirlodarfades exxrd at or

nmenbers_ 13, 14, 15 to_fabrjcate batt cell Jam npates, such as 2

Con o el ar crptxtiuben (<& s biosiae {nfStrat, ayaratte  Hhoed ediies,

conduct i vi t in@ibhbet ek Ravaht ageohclli @ald EFol the use of the preferred
collector coating composition polymers which are substantially

inert to the cell—pfocessing solvents.

15 Further indicative of the efficacy of the collector
element treatment of the present invention are the comparative
cycling traces of FIG. 5 which evidence the lesser degree of
available charging, represented by less deintercalation of
lithium iong, in the untreated sample prior to charging current

20 cut-off at 4.5 VvV, as well as the lower level of productive

voltage output under the same constant current load.

It is anticipated that numerous other implementations of

the described manner of effecting improved internal cell
25 resistance will occur to the skilled artisan, and such variants
are nonetheless intended to be within the scope of the present

invention as defined in the appended claims.

30



-menbers, they may be respectively situated at any desired | ocation in

the cell structure. For exanp mlmﬁ““@ﬂﬂmﬁ menber may be overlaid
yer, as shown in FIG 1, to

upon’its respective electrode
‘be | am nated wi th and, enbedded to any desired depth

inits assoNVEH%| ect rode PCT/AUSYGNITAL - 7.

WD 97/ 27636 PCT/ US96/ 11741

upon the apphatais eladtmefiabst cati on heat and pressure.

Alternatively, as depicted in FIG 4, to achieve further I mpr ovenent
in the reduction of internal cell resistance a coated grid collector

menber 41 may be | am nat ed bet ween 5 sections of electrode nmaterial 43

in order toibe sidtabadosheking a 1owwfiﬁmfh41hqze§|1§%ﬁe %ha grid
col l ector nenber, 49 may be assenbl ed at the interface e ween its

associ ased EPEREIIHG E’?s“l"e Aand §’9§&F&Y%re¥m?ﬁ¥9ﬂ94menﬂpﬂr$ dwtvingt aer _
enbodi ment ssepdrdtor membefcﬁ&gﬁﬁéﬂa:thgréﬁé nﬁnrgéégﬁﬂb C%ﬁ%lgéﬁor grid

tab, as at 42 10 or 48, in order to prov e an acces m nal
After | am ng@}inrtox membeEs cin Ingntacy §b¢:¢evans:br epr esent ed

characterized in that
said collector members comprise metallic current collector
10 elements and, prior to said collector members being placed in
contact with said electrode members,
a) the surfaces of said collector elements are cleaned of
insulative materials; and
b) said cleaned collector elements are coated with an

15 adherent electrically-conductive polymeric composition.

2. A method according to claim 1 wherein said conductive
composition comprises an electrically-conductive material

20 dispersed throughout a polymer matrix.

3. A method according to claim 2 which further comprises
contacting said battery with a solution of an electrolyte in an
organic solvent and wherein said coated composition matrix

25  comprises a polymer which is substantially inert to said

solvent.

4. A method of making a rechargeable battery which comprises
30 arranging positive and negative electrode body members with a
separator member disposed therebetween, each of said electrode

and separator members comprising a flexible, polymeric film

- 10 -



-in FIG 1 was processed as described in the nOt'edlgatelntstby_ fi m{ﬁl on
I n nmethanol to extract substant ' pl asticizer fromthe
.el ectrode and separator matri x”ml ’ﬂ"ﬁgwma Wﬁs. dRegdyt ﬁ;mrce,;gia,ff@:jhe |
extracting selog@nbeé 0 t hese ers Iss ensure y 7 gr|
openings in at |east one of the collector nmenbers. Subsequent

activation o I t he des by_J sion in an

el ectrol yte éoﬁ‘%?s'&% hzthlu?‘uig N SOPES fjﬁf% eq&‘llﬁé?? n'f%g{%r éf ethyl ene
car bonat e ( E&ranging anedpelctrisweh)ﬂle:é.bhenalect(ﬂ\ﬁ’é)llpr-epnded:iﬁhe caglcknt or
char ge/ r cli el L. _.exhi emar ka ood

i nt er nal cofri%sclq%t%a%g!é‘g "&9 %SUlﬁlb’ %cfg&?;" %}Tg erd; ana
Exanpl e 3  bonding eachlsmial memoef atd v:enei(@xmmlh £ re@bEYANEd Fyrinhe 1iﬁfii:h9§|0|y of
t he - col cQat i gsitions of the invention, a simlar ce

was prepar edkf Jﬁ’r}? ﬁ’ﬂﬁ‘ gt‘ﬁggacptﬁ%é'd“ﬁu?}“sre Patent 5,470,357, 30 that
is, the collector gridcehegents oy @ pretzeated Wihh ag h a ¢ th| n,

r rre c at of the PVdF: HFP el ectrode matri x
Post_heated g J §9F Jyemlers comprise metallic current collector

PCT/ US96/ 1174flements and prior to arranging said collector members,
a) the surfaces of said collector elements are cleaned of
10 imsulative materials; and
b) said cleaned collector elements are coated with an

adherent electrically-conductive polymeric composition.

15 5. A method according to claim 4 wherein said conductive
composition comprises an electrically-conductive material

dispersed throughout a polymer matrix.

6. A method according to claim 5 wherein at least one of said
20 collector elements is an open-mesh grid and said conductive

composition is coated on said element in such a manner as to

maintain an open-mesh structure in the resulting collector

membex .

25

7. A method according to claim 6 which further comprises
extracting at least a portion of said plasticizer with a solvent
therefor and wherein said matrix polymer is substantially inert

to said solvent.
30
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. polymer to enhance | am nati on adhesi on between the el ectrode and
col l ector nenbers. After extr tion with el ectrol yte
solution, the cell exhibited mlm mﬂﬁ"m} Imt ance of about 600-2000

-merr]/Ah ca aC|t Apparently, € norem npl oyed _sol vents and

el ect rol yt ¥YQ&AT6®ons whose functionality depends upSRTURMTAL | Ling

and penetrating the el ectrode and separator copolyner matrices al so

penetr at ed &.he Acwethed axccordimgetrenclpin ¥e whdoht fugtsh%mcbodwﬁ.aeled t he

el ectrical y et C n he._call f ol

surfaces anctcf%rl%cwh%t?rf%uet e(fat\é%g?h%a?%ec eaststgg'glﬁ %r‘%ﬁh %é’s%é & tIehese

results soliutdbnadmd theradyvass hd) maxe ik evelymiero hst hebsmmfamhelnéﬂf erred
col l ector oatln [o30) 05|t|on pol yners which are substantially i nert
to the cell‘bF@%gs S vents. 15 Further indicative of the
efficacy of the collector el ement treatnent of the present invention
are the conparative cycling traces of FIG 5 which evidence the | esser
degree of avai |l abl e chargin represented by | ess deintercal ati on of

lithiumior, Anm?hboérﬂq@&tdé&gsgﬂp%am ifomhesedRapdihtc depsht one
cut-of f at c‘bﬁe&o@sm&%ér 33 Tafﬁeléﬂg\@rpalﬁ‘i%'ni}f RGNS 1% the vol tage

out put under the sane constant current i s anticipated
t hat nuner cwsesmper $%¢%mfatlii§n§e%ﬁ’ecuve ?Recﬁég‘éﬁlmemnner of

effecting inproved internal cell 25 resistance will occur to the skilled

artisah? and such variants are nonet hel ess intended to be within the
scope of the present I nvention as defined in the appended cl ai ns.
30 10. A method according to claim 6 wherein said at least one

collector member is situated within the body of its respective

electrode member.

15
11. A nethod according to claim 6 wherein said at least one
collector member is situated at the interface between its
respective electrode member and said separator member.

20

12. A low internal resistance rechargeable battery comprising
positive and negative electrode body members with a separator
member disposed therebetween, each of said electrode and
separator members comprising a flexible, polymeric £ilm

25 composition, and respective flexible electrically-conductive
current collector members in contact with said electrode
members, each said member being bonded to contiguous members to
form a unitary flexible laminate battery structure

characterized in that

30 a) said collector members comprise metallic current

collector elements the surfaces of which have been cleaned of

insulative materials; and

- 12 -



-What is clained is: 1. A nethod of makisng a low internal resistance
battery 5 conpri si ng p03|t| ﬂ“‘“ﬂﬂgiectrode menbers having a
_separ ator nmenber di sposed the Eemﬂ\m&mg ective current

'col | ector MeRR§§Mmrédg contact therew th * C pchusesarfast e_r [
zedint hat sai d coIIector menbers conprise netallic current™

collector 10 e nent ri to said col |l ector I ng pl aced
in cont act tﬁa’si #]e@“&%t SRR SFFsments are cwa)q;oet%helgﬁr rgces of

sai d coll ect (Hdhélreﬁenélsec&fﬁdall&&ﬂedn@lﬁctlve pnﬂsméﬁia: veommisétiahs; and
b) said cleaned collector elenents are coated with an 15 adher ent

el ectrically-conductive pol yneric conposition. 2. A nethod
according to claim1 wherein said conductive conposition conprises an
el ectricall yﬁonaiusawérmaadrahng to &iSRENICnbREOVIAH BnlRtYIRS

matrix. 29 . A nethod according to claim2 which further conprises
contacting s&@maﬁtié@? Wmla%oﬁatﬁeb?ﬁﬁm&ﬁlﬁré@i@lﬂ%ﬂ{‘@ patgpial

organi ¢ sol veqiteapd &h@ﬁg %ltd CBé‘i Qikt ion matrix 25  conprises a
pol ymer whi ch |s su stant| y I nert sol vent .

14. A battery according to claim 13 which further comprises a
10 . .

solution of an electrolyte in an organic solvent and wherein

said coated composition matrix comprises a polymer which is

substantially inert to said solvent.

15 15, A battery according to claim 13 wherein at least one of said
collector elements is an open-mesh grid and said conductive
composition is coated on said element in such a manner as to

maintain an open-mesh structure in the resulting collector

nmember.

20
16. A battery according to claim 15 wherein said at least one
collector member is at least partially embedded in the
outermost surface of its respective electrode member.

25
17. A battery according to c¢laim 15 wherein said at least one
collector member is situated within the body of its respective
electrode member.

30
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. 4. A nmethod of nmmking a rechargeabl e battery-whi.ch conprises 30 arrangi ng

positive and negative el ectrod s wth a separ at or nmenber
di sposed t herebet ween, each ofﬂ "&éﬁ lmlc’Hm and separator nenbers
.conpri sing | exi bl e, polynerit fd M oL

10 - o birfids VO 97/ 27636 PCT/ USOECTA91s741

conposition including a conpatible plasticizer therefor; arrangi ng
respecti ve 1f8l.ehi bavteh e aadiocdlihg - conciicim 186 wherein said atoléast amerenbers

| cont act hiResa) duGhRst 5908 PRIDES Sir 9 spreceRANdg gaCh 2l d rmEnber

to contiguous ne o forma unrtary exi
structure respective electrodehmamiberm and saifd bepawattbr membeh.a t sai d
col |l ector nenbers conprise netallic current collector el enents and
prior to arranging said collector nenbers, a) the surfaces of said
col l ect®or el enents are cl eaned of 10 insul ative materials; and
b) said cleaned collector elenents are coated with an adher ent
el ectricall y-conductive polynmeric conposition. 15 5. A nethod according
to claim4 wherein said conductive conposition conprises an
el ectrically-conductive materi al di spersed throughout a pol yner
mat ri x.

10

15

20

25

30
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-6. A method according to claim5 wherein at |east one of said 20

collector elenents is an open-nesh grid and said conductive

.ccomposition is coated on said element in such a manner as to mai ntai n
‘an open-mesh whlhsfesy € in the resulting collector e p¥ruseehtizel 7.
A nmet hod according to claim®6 which further conprises extracting art—

| east a portion of said plasticizer with a sol vent t herefor and
wherein said matrix polyner is substanti /4y inert to said solvent. 30
W 97/ 27636 PCT/ US96/ 11741 8. A
met hod according to claim7 which further conprises contacting the
extracted battery structure with an electrolyte sol ution and wherein
said matri x polyner is substantially inert to said solution. 5 9.
A nmethod according to claim®6 wherein said at | east one col | ector
menber is at |east partially enbedded in the outernost surface of its
respective el ectrode nenber. 7 A met@od according to claim®é
wheréin said at | east one nber is situated within the body

of its respective el ect

FIG. 1
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.15 11. A method according to claim6 wherein said at |east one
collector nenber is situated at the interface between its respective
el ectrode nenber and sai d separator nenber. 20 12. Alow internal
sresi stance rgﬁﬂﬁ%ﬁgﬁble battery conpri sing positive apgroggaiive __

el ectrode body nenbers with a separator menber di sposed therebetween,
each of said el ectrode and separ at or nbers conprising a flexible,
polymeric film 25 conposition, and resé%@five flexible

el ectrically-conductive current collector nmenbers in contact with said
el ectrode menbers, each said nmenber being bonded to conti guous nenbers
to forma unitary flexible |lam nate battery structure
characterizedinthat 30 a) said collector nenbers
conprise nmetallic current col l ector elenents the surfaces of which
have been cl eaned of I nsul ative materials; and

- 12 - WD 97/ 27636

PCT/-US96/ 11741 b) _said cleaned collector elenents are coated with
an adher ent electricaaéy-conductive pol ymeric conpoaégion. 13.
A battery according to claival2 sjgerein saad conduckigve conposition
conprises an electrically- o Nag:

34 34 25

23 23

25

FIG. 3



-di spersed throughout a polynmer matri x. 14. A battery according to

claim 13 which further conprises a solution of an electrolyte in an
.organi c solvent and wherein said coated conposition matrix conprises a
‘pol ymer whi chwio97z7636 SUbSt antially inert to said solvent. perdfsnida A
battery according to claim 13 wherein at |east one of said col l ector—
el enments is an open-nesh grid and said coqg?gtive conposition is
coated on said elenent in such a manner as mai nt ai n an open-nmesh
structure in the resulting collector menber. 20 16. A battery
according to claim15 wherein said at | east one col l ector nenber is
at least partially enbedded in the outernost surface of its
respective el ectrode nmenber. 25 17. A battery according to claim15
wherein said at |east one col lector menb@ is situated within the
body of its respective el ectrode nenber ¢ 30 A
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.- 13 - WD 97/ 27636

PCT/ US96/ 11741 18. A battery according to claim 15 wherein said at
.l east one col lector nenber is situated at the interface between its
‘respective elkgghiagig nenber and said separator nenber. $crrusesnizar 10
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