WD 99/ 0123 | PCT/ US98/ 1 |
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Pechar Gonbl 6 TRBATMERY( PR, MPROVED, FONDHCTLVERY, A SoprkiHA R AhinE
conposi tion eﬂt\fgqi*lﬁﬁﬁ,% ﬁﬂWﬁ@fLmﬁﬂﬂf@N REEHAREBABLE BATTERITESOr

mesh current c ectors, are typically | am nated under heat and
pressure to forma unitary battery cell structure. In particular, the

i nvention provides a nethod of 15 treating such current collector elenents
to ensure a l.asting, uni form col | ector/ el ectrode interface which
provigﬁs hi gh el ectrical conductivity and cycling stability over |ong
peri ods of storage and use in a broad range of tenperatures. 20

El ectrolytic battery cells BECKGROGMDVOEUTHBJINUENSEONT t he present

I nvention include Li-ion intercalation cells of the type described in
U.S. Patent 5,470,357, the disclosure of whi ch is incorporated herein
by reference. Such cells are fabricated of respective positive and
negative el ectrode 25 nenbers conprising finely-divided active material s,
such as | i t Phenpxesat: Lindkértidl] pelatesdtoarbohargeapdesed in a

pol yneric matrix and formed into a flexible layer or nmenbrane. These
nenbﬁHhes%%§§QH9ﬁ¥ﬁ&QxP4¥F%#Vi?ﬁ%*%o@%@P§+§é99iEQKV@erlC fid8ul at i ng
separatorégﬁgg , rishn L o] y i ri:al ,
which will u t|Sﬁ'anc?'e?§s%:%é%f%8%yuéﬁéogﬁ?/?é%kaéﬁétgfﬁgg%ég%%%g%qé& ution
of a |lithifiohlsadt mexslsefwererst atiollectors, which are typically laminated

under heat and pressure to form a unitary battery cell
structure. In particular, the invention provides a method of
15 treating such current collector elements to ensure a lasting,
uniform collector/electrode interface which provides high
electrical conductivity and cycling stability over long periods

of storage and use in a broad range of temperatures.

20 Electrolytic battery cells particularly suited to use of
the present invention include Li-ion intercalation cells of the
type described in U.S. Patent 5,470,357, the disclosure of
which is incorporated herein by reference. Sdch cells are
fabricated of respective positive and negative electrode

25 members comprising finely-divided active materials, such as
lithium-source LiMn,0,4 and carbon, dispersed in a polymeric
matrix and formed into a flexible layer or membrane. These
membranes are laminated to an interposed electrically-
insulating separator membrane, usually comprising a similar

30 polymeric material, which will ultimately contain a uniformly

distributed organic solution of a lithium salt to serve as an

SUBSTITUTE SHEET (RULE 26)



el ectrolytic, ion-conducting bridge between the el ectrodes and enabl e

the interagbabp@azof Li ions flowing reversibly to and PCTYUBAM2066CT | Ve
materials of those el ectrodes ‘during the charge and di scharge cycl es of
the battery cell. Finally, to 5 facilitate the concomtant flow of

e'ECtFOm%iébﬁfﬁifﬁiéﬁ”ﬂbn-coﬁﬁ%étiﬂdCb&idgéaﬁétﬁéehh@héoélébteoaéé and
negative el ectrode menbers has an associated current col |l ector nenber

whi ch al ssnable sthe/cintarcalativmaof bhteions fhewingasawensibivateosddct or

| eading, in. u to.a_utilizatian device. 10 Wai.l halarity
of the po#%?ﬁf‘% atc"l:f‘é"vr?am%?na%'sc %p&gﬁots'leor?&e&trﬁ?eeseldé" tll}'&jteﬁfaen%%@rg%
separ at Orarie e ch D HdVes of eRselISstBes0e1aNdFEHASIGN tal | y

uni nterrupted continuity at the lam nation interfaces of those nenbers,

the & ectfanfelitidte dihe cconeonhtant afkew dof neleehropsaisi fhrabak§exnt age.
The basic dissimlarity o he pol ric_and Llic L.al.s and
the rel at% eﬁﬂﬁ??égfcﬁ?ﬁgi%% %?edg?%%gfgﬁ #H P%?ég%ggeeﬁgkgéggpaces of
col | ect ormdmibd 5s HaHrdfliSasIPi£0éd YoaPFORE ol ect orCARRMBE ra Rl iehU E1EGM

| ead to | ess than opti num adhesi on between 20 these nenbers and, in

addi ti on 39X{eR anherkexninel dpese ofer the ahtarhmen§ eff accoBAUCHOIoX| des,
enabl e t ' [ of _th P as S he i ntervention of
t#%ég#éﬁRJE .&EEL t& g ut%l% y€P8£ PQQQFE.

el ectrica at i ng el ectr e sol'vent which further degrade the
essemial cell circuit conductivity. 25 Thi s probl em was
alleviated to sone extent, as_described I n the aforenentigned patent,

by neans of a piRtledthentimilarieyppfsthg PREYESE ABathen™akdifeating of a
CoPErLt S fhions of ndnbiL DB TERSOSIERTUL! BSRRRC! bernny
el ect r odeensuresrearbelosévandt substantbakly uwhéhherrdpéetio cond ihoriryt iagn of
s the lamination interfaces of those members, the electrode/
15 collector interfaces do not enjoy a similar advantage. The
basic dissimilarity of the polymeric and metallic materials and
the relative ease of formation of oxides on the interface
surfaces of collector foils or grids, typically composed of
copper and aluminum, lead to less than optimum édhesion between
20 these members and, in addition to the inherent, deleterious
insulating effect of the oxides, enable the delamination of the
members and the intervention of electrically-insulating
electrolyte solvent which further degrade the essential cell
circuit conductivity.
25
This problem was alleviated to some extent, as described
in the aforementioned patent, by means of a pretreatment
comprising the application and heating of a supefficial layer
of matrix polymer on the surface of the current collector foil
30 or grid prior to lamination with its associated electrode

member. Over time, however, whether due to the formation of
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-addi tional _oxi %ﬁ or the failure of lam nation interface, therusosn2o6s
per f or manc resulting battery suffered a | oss of capacity and
cyeling stability. The present invention has effectively solved this

|1 nger i ng _groplem3nd. 453 al30 il Ovrgﬁi%r;ge %8 "GR8 OGRSSr e LieOr e

econoni ca

SUMVARY  OpeFifle riodiMeTb@NthE0 resulting bathierypraseférédvenioss pfovi des a
met hod of treating metallic foils or %{Ids in order to achieve a

subst ant | gappcity exiddevioldads stakid M < Fhe REARRAY bIRVEREHOR MB3Bol yreri ¢

conpogild on of -Li n_in a | e
Fosting aRd Santi et Red e FRI1AhGRiRCPrCRIER 300 HASTRLES provided
el ect 50l yai & regitimefR o%eéé”' whiBHNe nidre | edonemidel piwciedthematerialst he
above-noted patent, the surface of a current collector nenber, such as

t he coppeﬁn@kﬁanaed foil grid for a negative 20 electrode, is cleaned of
process oils and residues in a prelimnary operation which entails a
brief rinse in a solvent, such as acetone. The surface is then coated
by spraying, di pping, or the like with a thin layer of a dilute
sol ution of a pol ymer conpatible with, or preferably the sane as, the
pol ymer of the el ectrode SUMMARYXt DFnTHE! INVENTIION t period of drying to
renoéﬁ the vol atil e solvent of the applied coating, the col | ector

is heated for few mnutes, in a non-oxidizing at nosphere,
typically of an inert gas such as nitrogen or argon, at a tenperature
at or slightly above that of the initial 30 deconposition of the coated
polyner. After ahe ipxedenta wordatnipn proweidesna meﬂbodsufhtueatdngdizing
conditions, the current

VO 991012%etallic dailsin gwkds ik xder b9 ashievs ﬂa?PBﬁtm:ﬁa&&y
el ectrode ,y; go IHEY W rdde WG SRS cHRPEL Y16 ™H1 O ClnkNpBiGie 24

practi ces.
15 composition of Li-ion intercalation electrodes and promotes

lasting and uniform thermal lamination interfacés between these
electrolytic cell members. In a manner similar to the procedure .
of the above-noted patent, the surface of a current collector
member, such as the copper expanded-foil grid for a negative

20 electrode, is cleaned of process oils and residues in a
preliminary operation which entails a brief rinse in a solvent,
such as acetone. The surface is then coated by spraying,
dipping, or the like with a thin layer of a dilute solution of a
polymer compatible with, or preferably the same as, the polymer

25 of the electrode composition. After a short period of drying to
remove the volatile solvent of the applied coating, the
collector member is heated for few minutes, in a non-oxidizing
atmosphere, typically of an inert gas such as nitrogen or argon,
at a temperature at or slightly above that of the initial

30 decomposition of the coated polymer. After cooling to a working

ambient under such non-oxidizing conditions, the current
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in the course on the investigations |leading to the 5 presegégé%¥ﬁﬂ%%g?, It

was di sco¥PIN0IBAt t he upper tenperature limt of abou err

enpl oyed in the process of the '357 patent to avoi d undesirable
excessive netal oxidation was not entirel . yfficient to thoroughly
bind the FPéLrEAPFeNALEERpher St TeAAYo £OT "@3’1’1°é’ctwd$°q’n€tfhle ey and
that, as fehBedhb, if! the!RannBirCliseBloN RbIBWRI 16l PPy iBr it ces.
oxi dati on was pos$ible, resulting i egradati on of conductivity and
cell performance. The present utilization of an inert atnosphere during

t he period of setting t he protective film 3l

f
tenperatures_raﬁ@!ﬁ&ebéﬁ k&S Res& é@W@@&%ﬂ%&ﬁﬁﬁ%ﬁiﬁgﬁiéQ{E% th&out
450[ err ] CotalseRer i RYSnPl oft, CQHPUSs0h; BEBYELE BRat OFREM Gfpdk ! fempersbfréew

seconds |imt of prior practice, thus providi ng great latitude for
achi evi ng laptitnom &bbutadfefenemployed in the pFbeepsevfethaehB5Ppopynenti s

sel ected on the hasis of thf 20 olyner e oyed .in,the electgode )
conposi ti &fs aVRAACHRAgEL Epble eﬁFgFE gﬁlWegghp¥¥§€aﬁleﬁpBP§nﬁP ofntirely
pol yvi nyl i fs ri.de | - HE i nei: 6%

Do oo SHSREABAEY Lo ie it Rt LM TG e S,
di ppi ng, the koldkctgr metslr aynfacd @nal dhedn et & mpsuwltoy Iatérsurface

as 25 a.,solution of about 0.1%to 2% _preferahly 0.75%to 1% )
copolfner inkexvestion efopdgrteodytfefirlventnand a¥rfaheonwpenpossible,

b by si " . anhi o ok
cont od ot seuaERECLn bttt it It CHM B AP ing cefP Kekt8fitandd?
batch or Thet presentpuedddzatyon afemntingy 3G tnsphemeradiir g otigh an

i nert atnosphere, such as nitrogen, . mai ntained in an oven or fluidized
process b@§rdCdgofesssting: £he protective film allows use of - 4-

of about I rr] G i 0 r ki qgmi L S
i kewi se ?gg#)%éfglt g&ie%i %ggl%q'ln#er%teygt?‘ %{Dsp e%ee.pare%&% _ f&t’ea up to
15 about 450°C for periods of a couple of minutes, as compared with
the few seconds limit of prior practice, thus providing great

latitude for achieving optimum film adherence.

_ The pretreatment polymer is selected on the basis of the
20 polymer employed in the electrode compositions, which latter
preferably comprise a copolymer of polyvinylidene fluoride-
hexafluoropropylene (PVAF-HFP) having 6% to-25%, preferably 10%
to 15%, HFP. The polymer is applied thoroughly, by dipping,
brushing, or spraying, to a clean metal grid or foil surface as
25 a solution of about 0.1% to 2%, preferably 0.75% to 1%,
copolymer in a volatile organic solvent, such as acetone; which
is subsequently removed by simplé air drying at ambient
conditions. The coated metal stock may then be heat-treated for
1 to 2 minutes in a batch or continuous process by placement in
30 or movement through an inert atmosphere, such as nitrogen,

maintained in an oven or fluidized process bed at a temperature
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5 BRI EF DESCRI PTI ON OF THE DRAW NG

present i nVERPMYMA32% || be described with reference to th%cygé%ﬁggﬁ?yi ng
drawi ng of which: 10 FIG 1 is a graph of conparative interface
adhesi on between a battery el ectrode conposition and current collectors
treated ackbrabonf t3PAHe t0idP0aFt GAaling pPedenprkipgnembient is

& 2L Bl oo FOrRRI SUE VEn gl hUr P! SEhRGHRere. 1 DLerTace

el ectrical™resistante dafter exposure 1o eleclro € sol vent for
current collectors treated according to the prior art and the present

I nventi on; 20 FIG 3 is a graph of conparative interface adhesion
between a current collector treated according to the present I nvention
and bagtery el ectrodes of Bﬁ@ﬂi %ﬂfﬁcﬁ\pwaﬁg gg?:kv'sWING FIG 4
is a graph of conparative - battery

el ectrode and current collectors treated according to the present

I nvention with conpositions of differing dispersed solids content;
FIG 5 is a graph of conparative interface adhesion 30 between a battery

el ectrode and cuenc CALLEHNMEIGAA be WAL | NG EEEENe to

I nvention with conp I ons of varylng pol ynmer cont ent;
- 5- the accompanyinds dfawsng gfaphich:conparative interface adhesion
‘between a battery el ectrode and current collectors of different net al s

treatt¥ according to the present invention;
FIG. 1 is a graph of comparative interface adhesion

between a battery electrode composition and current collectors

treated according to the prior art and the present invention;

15 FIG. 2 is a graph of comparative battery electrode
interface electrical resistance after exposure to electrolyte
solvent for current collectors treated according to the prior

art and the present invention;

20 FIG. 3 is a graph of comparative interface adhesion
between a current collector treated according to the present

invention and battery electrodes of varying solids composition;

FIG. 4 is a graph of comparative interface adhesion
25 between a battery electrode and current collectors treated
according to the present invention with compositions of

differing dispersed solids content:;

FIG. 5 is a graph of comparative interface adhesion
30 Dbetween a battery electrode and current collectors treated

according to the present invention with compositions of varying

polymer content;

-5 -
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5 FIG 7 is a graph of conparative thernogravinetric anal yses
of a currerWO@¥M232tor treatnent polyner conducted in PCTYUSIIRPEs Of
zero and 20% oxygen; and FIG 8 is a graph of conparative
thernogravinetric 10 anal yses of a current collector treatnent polyner
conducted in FIGt he s esegraphnof absmparative iopepefasabatihesdon
DESCRI PTI C%\ledz THE I|LNVENTI ON .1 ]

I

essent i al 1SS i3 &8 ?ﬁ%(?elsegctﬁﬂde and %ﬁgrﬁ%g%%%%?%fﬁ&%t

foil or grigkade chrdstd® Pecds@fhg to Be APrEEAt! iAPbnEYLRENt collector in
a |lam nated rechargeable 20 battery cell structure. The purpose of the

treatnent is to enhance t he adhesi on between the current coll ector

I d - i ated_el de durj t th | .l am nati
cesomtly o T babt chySkare ohyoepatek e  ERsERGO TR PRE A Spce. of

material s dieryads [Gbrd Cht et GoPROLESY EPLLEMBRE POIyhBE EBAHuCEedPdt
described in U S Patent 5,470,357 and rel ated paten di scl osures.
The pr ef eradtaepsphgposs toHnzefo comdh2@h okegént t ang el ectrodes and
separator/electrolyte elenents are fornulated 30 conprise a

pol y(vinylidene fluoride) copolyner of about 75%to 92% by wei ght
vinyl i dene fl uorpge, (8/d Bt 5 rXei gt : ;
hexaf | uor opr opyl ene (FF%%.Q orﬁg%v?ggég%pﬁﬁ%?%gﬁ1ggafgggg?VlmetfﬁgxibiIity
and tHer medn 3 ot dur¢ugréntn ool lectonntireatment ppoliyneracbasustiedr in

el ectrol yt énterchan e ng@@gubsequgnt cell activation, the
conposi t | on¥ RETHEICT ART i PSRt 0503, FOPPEr substrate.

DESCRIPTION OF THE INVENTION
15 '

The present invention essentially comprises a process for
treating the surface of a metal foil or grid which is to be used
as an electrical current collector in a laminated rechargeable

20 battery cell structure. The purpose of the treatment is to
enhance the adhesion between the current collector element and
an associated electrode during the thermal lamination assembly
of the battery cell layers. Such assembly and the types of
materials used in fabricating the battery cells are for the most

25 part described in U.S. Patent 5,470,357 and related patent

disclosures.

The preferred compositions from which the battery
electrodes and separator/electrolyte elements are formulated
30 comprise a poly(vinylidene fluoride) copolymer of about 75% to
92% by weight vinylidene fluoride (VdF) and 8% to 25% by weight
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5 70% by wei ght of a conpatible organic plasticizer, such Jobg!t V1
pht hal at e ‘(’93 123%5ch of the positive and negative el ec?ré'(l)vc!"es’s,ijmmil
conpositions further conprise, usually in finely- di vi ded di spersed
form electrolytically-active onent . [ , ' \/

mat eri al s%ﬁﬁﬁf‘@%?’%ﬁy g?&‘gl_a@?ﬁg '13% |rtqr¥iltﬁir%] iaﬁsﬁdﬁfﬁgﬁ%ﬂé of
Charge/diiigﬁﬁﬁﬁliﬁg|QﬁdOEhb&maQ|bbm%@aon duriaig eXamination, and #s
described in the '357 patent, e.g., in Exanple 9, adhesi on between the
current cprb¥dder aabasdkeforogd egtandite ntershange Hpomt FRPSSAUERE

battery cel l conponents._may, he l e re ' t i regrid
coIIectorcgb&cﬁg&ﬂ?ﬁ@éon' ¥h§iF8?8°§%FE%8%ngg?¥P%5 g%@%#?%&égﬁgﬁgiQOSdﬁgHFP
copol yer 788dby weil®d! g a konpralisd & taejariic gFlastitcioep) ysechaad
provi de a conpatible transition | ayer. The cohesion between the
simlar 20ibusyd phehadater i (BBP)of Bagh afedihe deshel Yac2RE aR8TRESNE| ayer

provi des a.siqgnificant degree of added |am i i lty.and. -
results iﬁlF qﬁgﬁ H&Tgﬁﬁigﬁﬂyﬁxﬁﬁéﬁkﬁ%xéaégﬁﬁégh 5@@911§ if Q%Pe%Xs si nce
been not e viRMRY i sgeidled R rnt, N & 1B 1561 W 1 291 1 §L H¢ B8¢e 286mpEReats
batteries constructed in the earlier- descri bed nmanner, the initial

hi gh perf eshimihc @ref esmentdellly materiahplcapaidle defrboeerapdagingth a
neasyr.ed i.ncrease.in the ., tnternal electrical resi,stancge.,,Physica
oot aiEhatae sobs' hring, ch FhATory ol Shbmits, oY Gar Ato s e iy ifate

delaninat%@&tg&ﬁﬁo failure of adhesi on between coll ector and el ectrode

el enent s i'ch in addition to allowi ng separation and current

-7- interruption at this-interface al so enabled the-

i ntervention of i nsul afing el ect yte sol vent betweep these el enents
with the r 85U SHTHRAY Het éhﬁeﬂééﬁu?éﬁﬁnﬁxt%ngrvean€§§FP §t§0n into
the cause ffhddiod BURALPRLHA! dtforliagop] €0EbPhnlNE1LLELLEE elements
tenperature and processing tinme required of the pretreatnent operati on

in orlder tdmavay dakeigraariadn af ofhe Heajprerpatell components may be
improved by precoating the foil or grid collector stock with a
dilute solution of the electrode matrix VAF-HFP copolymer and
heating the coated stock to set the copolymer and provide a
compatible transition layer. The cohesion between the similar
20 copolymer materials of the electrode and the transition layer
provides a significant degree of added lamination integrity and

results in the desired unitary battery cell body.

It has since been noted, however, that over the course of
25 storage and use of batteries constructed in the earlier-
described manner, the initial high performance of some cells
inexplicably degraded along with a measured increase in the
internal electrical resistance. Physical examination of cells
exhibiting this phenomenon revealed sporadic delamination or
30 failure of adhesion between collector and electrode elements

which in addition to allowing separation and current
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‘copol ynmer \&i I9n}ﬂ¥%§ well as to avoid formation of poorly
oxi dati on ? urface of the nmetal current - coll ecto Ienent

insufficient to effect a substantially 10 per manent bonding of the precoat

filmto the_collector surface The ti

bresent | RUEREFBRELAR FF TRES intexfage afsq srasydd W ritiryéiftih 0¥
stock is ¢RahEHdtIhheBectrol§lbUbblient Betieka %?fes@r eflemabits @xﬂﬁ%m 1%
PVdF-HFP 15 copolyner- in a volatile solvent, such as acetone, air-dried to

renmove t heesoltveoaf, fandhehedeﬂuemaatapnabamteasarr@r np&etsdilmlémr Jimto

pref erabl y, at about 0 0,425] r|o t 0.2

nm nut es |ﬁhﬁn CRNEFL O Bh i%ﬁﬁ??ﬁé°3t%ﬁ%bHEFeSBFgﬁﬁ Fgggﬁaér%he Timited e
Thi s beattaﬂpaﬁxtasersaal b¥oE85EiRE @Yhel eeaaned BIFOERES P& tPitment
conprising a bed of sand or simlar particulate material fluidized by

a stream openatiogein étder theaWoddi dggradatgjen of, tihlee presmc@t col | ector
stock is cooled to room t erature in n- oxi di zi at nosphere to
ensur e agSPROLYPRE flfmrfaﬁnﬂﬁﬁ Pt thoPRch SRTTREARE AR ROTRD, 2
The treatgd 89E£§§QOBXEBEEEb a%a¥hEh§h§%BE%ro?et%@ et %0 curréﬂtthe

preV|oust escri manner l'am nation at about 120[err]C
150[err]CCmﬁlhcaoraemempntataaelénsudddchemartbaeﬁﬂmmﬂjaﬁSubstantlally

conposition of active intercalation material,,, such as carhon or 30

Li wn?§r r] BpERANeng; bgedieg Ph &hgaPreeost i mpgor-thep GRf Suffeace.
resulting el ectrode/collector interface exhibits a nore

- 8- per manent, hi gh-conductivity bond than previously achieved,

even with electmbdsecﬂﬂumehtions médiﬂﬁrﬁheeﬁreséhveiﬁméhdson incwihiehta and
under actlvated condition, i in the presence of el ectrol

sol vent. §heet of fm#h@’-’pﬂc?éé‘n?“irﬁ@éﬁt o3 Lok age shagk Aey %ac'qffa%trl';i‘ﬁf 3 he
ot Ler anaBIAEEHR, PEOSKICKLAN, CpRRROARILA oS P 1 e 25T
cl ariby, bopelg¢merainugbeplatile solvent, such as acetone, air-dried to
' remove the solvent, and then heated at about 350°C to 450°C,
preferably at about 400°C to 425°C, for a period of 1 to .2
minutes in an inert, non-oxidizing atmosphere of nitrogen or
the like. This heating may be readily carried out in a
20 processing oven comprising a bed of sand or similar particulate
material fluidized by a stream of nitrogen; After the heating
period, the coated collector stock is cooled to room
temperature in a non-oxidizing atmosphere to ensure against the
formation of poorly conducting metal oxide.
25
The treated collector material may thereafter be utilized
in the previously-described manner by lamination at about 120°C
to 150°C with an appropriate electrode layer fashioned of a
composition of active intercalation material, such as carbon or
30 LiMn,0,, dispersed in a matrix of the PVAF-HFP copolymer. The

resulting electrode/collector interface exhibits a more
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10 repres tﬁ%ﬁ¥ﬁ conpositions, along with typical processﬁQgﬂxmuﬂﬁkgps,
are includ | e foll ow ng exanpl es.
Exanmple 1 15 A stock negative electrode material used to test the

efficacy of the present . invention s prepar.ed subst anti L0s t he
manner )c/)f PE%QﬁBFEtS g’f"gpﬁ&“@é‘f"%ﬁé{%t W@&Sﬁ%d’ﬁ%@'Odﬁ%gﬁ%ﬁY?%h from
a sol vent ogbaPGithoB1ke 2Rl RofpoditEldndldf indRiHNNaCIPE | S6DUdsi N

wei ght ratio, about 56% graphite-and 3% 20 Super P conductive carbon
" honpgeneosshyedtsandbunddri achiwateflxcondisfonboit €169 NdFherPresparenef

(88:12 Atoiheg1K¥n%r FL ﬁgpl) and 25% di butyl phthal ate. The
resul ti ng®ftPEXFBI-&-E S0 VE8E - material was cut to desired size and used
as the | am nat ed el ectrode elenment in the follow ng test exanples. 25
Exanpl e 2 A stock current coll ector sheet was prepared by

di pping a Jhe prasentmisweatden ceppdre griidized rikh dapy eefsthea
expanded 30, foil - Del ker Corporation), into a 1% acetone soluti,on of,the
copol ymer P8 tEX¥nfSLEctroMls ﬁqéiﬁ%ﬁqﬁf4%¥t%ﬂﬁﬁﬂgﬁnﬁﬁﬁﬁn %s%flged fn®tnt

-9- 1357 patedl LeAPerAldikd 1akh&Reld WAt Xi vd eeshs Nt Dnt ¥Reequal
sections, and the first section was oven-heated in air at about

350] er r ] CihgeraistuoflFustbhen slani hherhawanai ata iyt e@dfin air to
obtaig t he ﬁrior r%#collectorégyenent f Examgle 9 of tfe ' 357 g. atent.
The ™mai AERGCREPE A ven SOMPRAT Wt TN ekt crymeal Pradssgindl nder
and pl acedtiepls Arel a4 R4 alniRinyIRd1uksy MY Cdkample@s continual |y

flushed with nitrogen. The tube was i mersed for about one mnute in a
400[ err] C sand bed fluidized with nitrogen
Example 1
15 A stock negative electrode material used to test the

efficacy of the present invention was prepared substantially in
the manner of Example 8 of the '357 patent by casting the
composition from a solvent dispersion to obtain an electrode
membrane comprising, in weight ratio, about 56% graphite and 3%
20 Super P conductive carbon homogeneously distributed in a matrix
of about 16% VAF-HFP copolymer (88:12 Atochem Kynar FLEX 2801)
and 25% dibutyl phthalate. The resulting flexible electrode
material was cut to desired size and used as the laminated

electrode element in the following test examples.
25

Example 2

A stock current collector sheet was prepared by dipping a
300 x 300 mm expanded copper grid (MicroGrid precision expanded
30 foil - Delker Corporation) into a 1% acetone solution of the

copolymer of Example 1 and air-drying for several minutes at
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and then renoved fromthe bed to cool to roomtenperature in the 10

ni trogen avowspidse. A pair of test strips of about 150 x 2BCTWIS98/1206fs cut
fromeach of the treated collector sanples and each pair was | am nat ed
at about 120[err]C to opposite sides of a 125 x 25 mm strip of the

el ect r oderséfiCkepe EXEARES TheEsRBetf whbedigitied inkanitwat espuads in turn
mounted by the extending grid tabs in a 15 tensile test machi ne where the
yi el d poi PECBionfe 2n@i Hhae cfirst SRHEQDHIHRTERTRITRT nif S AL ut
det er m ne splis t S bRvFLSh1ddasnt 4 fE 650 12
of the prlg%(r)l;{E H$}c§§§%§n%ﬂ %%gég:ﬁéﬁg aﬁ§a§4?§?§?ﬁgtg?gséntlinve%tion. In
addi tion dptabr 4RO%I16r ease ¢ol belbtest oalethertighfh Bxdmble 3 dofy @t 36

material of the invention, it was_gbserved fromthe fil m of, el ect rpde
resi doe oPdEeBteoThecremainipgcBathaPtt kbej FEategc stock Qﬁﬂﬂaﬁ%ﬁlQiﬁgﬁﬁed

the cohesiye,s W‘lg%’tehré’%a%’gf Pl 280 a c1698R8hHA Qﬂumiﬂﬁmpﬁv%li@é wiich

[
material, on the "ot separated at the el ectrode/collector
i nt erf acewa85continually flushed with nitrogen.Efhepltabe was immersed

357 pat oRPE ARORHETE GSIHLS Tort 101 feranioBeust haidi rod ERF A EEF eFach
si de of rsaae%ée{er%ﬁa«&é@n&&a e bed to R8Qat k¥er8bRCtémperarhieli #h e

Exanple 1. Addition sect1ons el ectrode nenbrane were |l am nated to
t he @Qposeiltsogéacasmotphere. A pair of test strips of about-130 x 25 mm

the grid sanple ip order to conpl etel nca t he coll ector S | es
within t hESPESRECITYR G26H (RH & s EERBIEES COMECTOr SRmBlamng gy PACE ABRLbr
each testwaéswmmaw@geawseo‘ae' 2628 £8 opposPPEUSiQEs! RIS YPECR ¥ETiRm

subsequent|ly connected to a four 5 point resistance neter for testing.
During eashripstfpthieod)leatrodel atonkt efaEsamiple ias Haurersfedhe tesipyl ene

CR1 DOMAL ) o oS UIRTLE EHROHELPRESC AL Sarellg MHAE s 4n 9 g
R A N O
adhesion under increasing stress was determined. Results of
these tests may be seen in FIG. 1 as traces 12 of the prior
collector treatment and 14 of the present invention. In
addition to the 100% increase in adhesion strength exhibited by
20 the material of the invention, it was observed from the film of
electrode residue on the collector surface that the interface
adhesion exceeded the cohesive strength of the electrode
composition. The prior art material, on the other hand,
separated at the electrode/collector interface.
25
' Example 3

Samples of collector grids prepared as in Example 2
according to the '357 patent and the present invention were
30 similarly laminated to each side of respective sections of the
negative electrode material of Example 1. Additional sections

of electrode membrane were laminated to the exposed surfaces of
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at trace 2goddifizd2m nated material conprising a collector gidqusesrn2oe6s
treated in an’1nert atnosphere according to the present I nvention
exhibited equilibration to a | ower resistance (greater retained

conducti vi , |le-the prio e : 2 t he
hi gher restltl'}s/% %!gi dse‘-’t\}tgll oepr?'e'{ntér@éé. éénd‘?érgt??%%e%g %R%%%%%ﬁgoéaégtg ?\r%gg

oxi di zed cRNIes Wiltdtih aflte respedSivatlaginstacassembiiesnt The. I n

addi tion to mnim zing such .an _increase in_performance-degradi ng

resi st anceextandinganid tabs of gashtestyassesily yanethen folgesad &fce

of i nter Tagipl 20 sbel s b ok 0 0 SEDEEM 5echAEhBE S oUadashEaD

e
accunul ation-o uring e recharging o battery

cell. 5 point resistance meter for testXAgpl Buf#iR§ each test pelrdeid,ode
menbr anes were prepared in the manner of Exanpl e 1 using increasing

rati os of kRRinate masenblyives immersedohncBEpBHEARe gaKPaRatRor fal |y

enpl oyed t |-|eye r ent LLY LRsar | ¢ ry.
Lam nat es Ctooeng(gg{dﬁgf “%%@E)‘%i%e?%fﬁ%ﬁ% %‘gg{%}%r bi"pégecgt}%l tgtl %g;ltlr%?'er ace
adhesi on resisMdrnte/isditvéion Ntlse agrEdO)Nil 8. raeesss2thd4iaterdending-| G 3

for conposi tions of 56% 65% and 70% solids, respectively. The
- 11 - electrode qeemerare | and hbasinataeinkayLpees: t FABucOatiauadd Y

decr in I @ 0f bi rix to.c on,_since.jn.e i net th

i nt erfac eq‘éeﬁse%fl%én' gl;&eeer e%ser??l eeé{erso%eteggptb_ oasﬁ S isgho‘%"cr% hr}"er%iatf/\feb‘_ rbe "ﬂ{)%ﬁed :

Exanpl e 5 at trace 22, AHY Qlanfiaidtid BT 'dﬁhgﬁé‘siﬁ{ RArRS Id bt b rg vt i
uper

t hat of Exanple 2, with the exception that conductive carbon
10 was adeeepted ain aapuinent abpoEsPRELeodcchsding- HPPtbgpprEaent

invention exhibited equilibration to a lower resistance
(greater retained conductivity), while the prior art treatment,
15 at trace 24, showed the higher resistance deveiopment
indicative of a poorly conducting oxidized copper surface and
iﬁsulating solvent intervention. In addition to minimizing such
an increase in performance-degréding resistance, the present
treatment significantly limits the occurrence of interfacial
20 spacings which might otherwise harbor the undesirable
accumulation of elemental lithium during the recharging of a

battery cell.

Example 4
25

Electrode membranes were prepared in the manner of
Example 1 using increasing ratios of active intercalating
carbon component, a means normally emplpyed to achieve greater
current density in a resulting battery. Laminates tested
30 according to Example 2 exhibited complete interface adhesion
with yield points as shown in traces 32, 34 and 36 of FIG. 3 for
compositions of 56%, 65%, and 70% solids, respectively. The

- 11 -
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solution solids. The resulting suspension was sprayed onto the copper
grid and avO9HPI282 to obtain a coating of abowt 1 g/nferr] PCT/USHERE6:
heat-treatment at about 450[err]C for one mnute in the ni t rogen

at nosphere. Reinforcenent of the treatnent |ayer by 15 the dispersed
carbon redgtredseninhthgseavaiueat BaVabe BSkgibutedsfonther dacr@@sing n
FIG 4, as_conpared.tq the_yield _point trace .42 qQf .a .nr,
copolynerregﬁﬁogitgbﬂgﬁftﬂagflﬁdagdcarbonCaPﬁoﬁ% 1%2SQCh st Y
Exanpl e 6interface adhef¢8h0OBRceeHEH @Re efletlteoddrcompossitiiitnitcattisidre

car bon, were used.as dip-coating treatnment at copol yner concentrations
of 0.25%bond% 0.75% and 1.0%to prepare current collector 25 grids in
the ipert atnosphere processing of Exanple 2. The respecti ve -adhesi ve
bonds~in | am nate test sanples are shown in FIG 5 at traces 52, 54,
56, and 58. Example 5 Exanple 7 30

Expanded netal grids of stainless st , num copper, and ni cke
were pretreated and | am nated according to

- 12 - the invention progedqures of Exanple 2., Respectiv ee
t est resul t 8 BFEtERBHRCALeCE 1tiop Hasg P&?Wf@e?‘é‘tﬁ%ﬁ,t%gh%wd
68. The | hehd poi negpg! | b t @i ‘ve S

sanpl e i sggte?}r{%{ggil'gd@f n@%%?or pa%%g%(%t??l%eﬁ‘é%i%%gu%eé%ﬁ&g%%lYZS% t |?1rg1;
stiflifesswat bHdedrid anbatwanhe oifi aboatlf @Skecdf thea VAR-MRP pmspolympge.
Wth each material, however, the interface adhesi on substantially
exceeded PREVESRBSEOSiEEreffen IFULRANG SUSRANGHON %A% GRTRANEGEIM A rfche

10 copper grid and air-dri@éaqgl%bﬁain a coating of about 1 g/m2
before heat-treatment at about 450°C for one minute in the
nitrogen atmosphere. Reinforcement of the treatment layer by

15 the dispersed carbon resulted in the greater interface bond
shown at trace 44 in FIG. 4, as compared to the yield point
trace 42 of a pretreatment copolymer composition without added

carbon.

20 Example 6

Acetone solutions of the VdF-HFP, without added carbon,
were used as dip-coating treatment at copolymer concentrations
of 0.25%, 0.5%, 0.75%, and 1.0% to prepare current collector

25 grids in the inert atmosphere processing of Example 2. The
respective adhesive bonds in laminate test samples are shown in

FIG. 5 at traces 52, 54, 56, and 58.

Example 7
30

Expanded metal grids of stainless steel, aluminum,

copper, and nickel were pretreated and laminated according to
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Thernngfavinetric anal yses of the VdF-HFP pretreat nent f
Exanpl e 2 W@P¥¥3hducted in the preferred nitrogen procgggﬂﬁém%‘e
atnosphere and in an atnosphere of 20%oxygen 15 sinmulating the sinple

prior art processing in air. The greater resulting rate of
?econpg;iFh%nlﬁYeﬁﬁb3§o@éP?ﬁEPréﬁaPﬁngxPWPle ?{a3F§R§$E?¥ﬁMi:?iFﬁqﬁtgg:t
race : : . ¢TXal , %4l 1668
confirms f%%ugglg}jﬁ§ o%%"%'lllilweé 8 éﬁ%‘?%slé?ltﬂl:@nvgént%%n tOCéena e the nore
ef fecti vee®r otiessiowenf y281dt peiptetaneanidynexhibitied the fhe\dtaigiless
del eterious tenperature n%n e of abouyt 400&§rr Cto 425[err]C. Simlar
t?ernngra%?ﬂ%%r?%mple }§e§iFﬁi g.eghénngﬂP§?PQ i J ;h%%%%? PHIT ogen
at mosgher | gey i j o dfhith aff&ORRE!
grid gubs%?%tgésﬁggggng?%aFat%e ngggghgﬁﬁgﬁ-é§§%3§%5325 deé%nposition of
t he copol yhertest geeel carmgbel. SWbehhsdch mdterial, hgwesencethé imeerbHager,
as showmn in FIG 8 at trace Dependi ng upon the sel ected current

84.
col | ect ora@heaipn| subghankdally excgedere e CoORaS ViR (RN RPH R um
processing ﬁiggtéﬂdelectrohgnﬁﬁhgk%h%.“‘thi” t he hi gher ranges enabl ed by
e presen? i 'd ther

th I nventi on -wou efore be advi sabl e.

- 13 - What is clained is: 1. A nmethod for inproving
the | am nat e adhesi on under heat and_ 5 pressure between a pol yneric
rechépgeable'battery el ectrode =-~on and a netallic current
col l ector which conprises pretreating the surface of said collector by
formng thereon a polynmeric filmconpatible with said el ectrode

conposi ti on andThermobeavimgtsdicd ahialliystes efff ciite AtiFeHEh pireteedthentsai d
COIIeCtorcopolymer of Example 2 were conducted in the preferred nitrogen
processing atmosphere and in an atmosphere of 20% oxygen
15 simulating the simple prior art processing in air. The greater
resulting rate of decomposition of the copolymer coating in
air, as shown in_FIG. 7 at trace 72, as compared with the rate
in nitrogen, shown at trace 74, confirms the ability of the
present invention to enable the more effective processing of
20 the pretreatment film in the previously deleterious temperature
range of about 400°C to 425°C. Similar thermogravimetric
testing of the film solely in the preferred nitrogen
atmosphere, but on an inert platinum substrate as well as a
copper grid substrate, reveals that the temperature-dependent
25 decomposition of the copolymer is accelerated somewhat in the
presence of the copper, as shown in FIG. 8 at trace 84.
Depending upon the selected current collector material, routine
experimentation to determine an optimum processing time and
temperature within the higher ranges enabled by the present

30 invention would therefore be advisable.
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10 surface characterizedinthat

sai d heati W9 904232 s carried out in a non-oxidi.zi ng at nosph@C&US98/12066 2 A
met hod according to claim1l wherein said atnosphere 15 consists

essentially of nitrogen. 3. A nmethod according to claim1 wherein
sai d heat "H@tstidp Glalmed igdrried out in a tenperature range of about
350[errJ]Cto 450[err]C. 20 4. A nmethod according to claim3 wherein
said heating step is carried out for a period of tinme up to about 2

m nutes. - 5. A nethod according to claim1 wherein said polyneric
filmis forneg as the dried residue_of a 0.1%to 2.0% solutjon of the
25.  pol yher _&f Mekhgdefeg: ipnEovéngothei baminate adpesponevRdarakeatdang to

R e
- 14 - composition and a metallic current collector which comprises
pretreating the surface of said collector by forming thereon a
polymeric film compatible with said electrode composition and
heating said film to effect adhesion thereof to said collector
10 surface
characterized in that

said heating step is carried out in a non-oxidizing atmosphere.

2. A method according to claim 1 wherein said atmosphere

15 consists essentially of nitrogen.

3. A method according to claim 1 wherein said heating step is

carried out in a temperature range of about 350°C to 450°C.

20 4. A method according to claim 3 wherein said heating step is

carried out for a period of time up to about 2 minutes.

5. A method according to claim 1 wherein said polymeric film is
formed as the dried residue of a 0.1% to 2.0% solution of the

25, polymer of said electrode composition.

6. A method according to claim S5 wherein said polymeric film

comprises up to about 25% homogeneously dispersed carbon.

30

* < L L] s *
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