WD 98/ 12765 PCT/ US97/ 16428

APPARATUS AND METHOD FOR MAKI NG LAM NATED RECHARGEABLE
BATTERY CELLS 5 BACKGROUND OF THE | NVENTI ON
Thi s inventiqﬁbgﬁzﬁses to a nethod of making a r echar peppsPns428
el ectrolytic battery cell conprising a unitary 10 | am nate of polyneric
el ectrode and separator elenents, and, particularly, to apparatus for

perform ng the |am nation of AR&**&} Versatile
l'ithiumion rechargeabl e batt%?§ cells areﬁi?gan PEHENG y prepared from
el ectrode el enents ConprisiHKMHNNEEDbRECHARGEAEEEBGESTBRYDOEUDQr|C
conposition in which are dispersed finely- di vided particul ate

mat eri al s capabl e of reversibly intercalating lithiumions during
battery charge/ di scharge cycles. Such materials include, as positive
electrode 20 conponents, I|th|un1netal OX|de I nt ercal ati on conpounds,
e.g., 5 Licogerr], LiN g e Y8 : IYENEION and, as negative
el ectrode conmponent s, carbon naterlals such as petrol eum cokes and
graphites. Included in the cell structures are flexible

el ectrode-interposed separator/electrolyte Iayer el ements 25 conpri sing
pol yners of essenti k{ npl the_el ectrode
el enents, thus fa0|ﬁ% %tﬁ%ge errmiéyﬁﬁ%sngPl ¥é§£°é]°f qﬁ%énglgnent | ayers

to ultimatel y fesmariduatiat bieyt ol attery céUUiddrpidlsiggl b ehev®@n s,

such as netalllc foil or grld
10 laminate of Ppolymeric electrode and separator elements, and,

particularly, to apparatus for performing the lamination of

such elements.

Versatile lithium-ion rechargeable battery cells are

15 currently prepared from electrode elements comprising flexible
sheets of polymeric composition in which are dispersed finely-
divided particulate materials capable of reversibly
intercalating lithium ions during battery charge/discharge
cycles. Such materials include, as positive electrode

20 components, lithium metal oxide intercalation compounds, e.g.,
LiCo05, LiNiO,, and LiMn,0,, and, as negative electrode
components, carbon materials, such as petroleum cokes and
graphites. Included in the cell structures are flexible
electrode-interposed separator/electrolyte layer elements

25 comprising polymers of essentially the same type as employed in
the electrode elements, thus facilitating thermal lamination of
the element layers to ultimately form the battery composite.
Additional cell elements, such as metallic foil or grid

electrical current collectors, are also incorporated into the

30 battery structure in a laminating operation.



electrical current collectors, are also I ncorporated into the 30 battery
Structure in a lam nating operation.

-1- WD 98/ 12765

PCT/ US97/ 16428 Thi s general process of batter e

fabricati oWQ®A2%65  gdescribed in greater detail in U S @q@g%ﬁas and its
rel ated patent specifications, incorporated herein by reference,

whi ch di scuss,typical co ositiogs andI%Ioc ures for formulating and
5 lanminating conrPdsi I¥F5HNPIRCESS BEI PRt (Ifdde LAPEEFRGIAEE S t he

el ectrode el®entBbe8OIWIdERtdiD de®adlouh 5690 by, 4ud,9bk Qhd its reAGhieMe
component, i.e., the respective particulate I ntercalation material,

and the | aniPa&ensnseec bl qatdionsenigcpggorated hemreder PYeFgterensfl ahel in
ei ther a hegfjed kkat PELPRIPo8E £idls ar@%%%&gaékfafoq: l*’%?)ﬂﬂﬂ@%ng and
I Iry a e e

conprising pressure Tollers nornma Vi ng forma surfaces of
silicon ¥ ubBemiortihe ¢omeosite lithium iohvbrellkscamt khpsel @tsclogmires,
conposi tions. have been formul ated with reat er oporti.on of
par L1 cul at e A& FUECTEDde Ehansnbin CORPEFAEY 1B SEMEBYE APGHEY WY PE
capacity actiper tonpomet:, Resul,t $hebtaspeck wd hartesalaeé or mul at ed

| am nat e celhs did not exhibit the expected inprovenent, however.

Observed perfGEFEACBELPRITAHSTIAS  aftdi TR dEMiraFesnvieh €ell elemepfddent |y

det erni ned to¥ fhetabblybatcdis ilshddnadeguahér 2Geadaicnat epadihasdan oket ween
cell elenents, apparently due to the i
commercial card laminator comprising pressure rollers rnormally

having deformable surfaces of silicon rubber or the like.

More recently, electrode compositions have been

formulated with a greater proportion of particulate active

15 component in order to achieve higher specific capacity
performance. Results obtained with these reformulated laminate
cells did not exhibit the expected improvement, however.
Observed performance limitations and instabilities were
subsequently determined to be attributable to inadequate

20 laminate adhesion between cell elements, apparently due to the
increased particulate/polymer ratioc. The present invention is

directed toward resolution of this problem.
25 SUMMARY OF THE INVENTION

In the process of the present invention, lamination of
the cell elements is carried out in stages under a
30 longitudinally progressive, substantially unyielding pressure
front, in contrast, for example, to the wide-area perpendicular

pressure pattern formed in the previously-suggested flat-bed



i ncreased particul ate/ pol yner ratio. The present invention is

‘directed toward resolution of this problem 25

SUMVARY OF THE | NVENTI ON In the process of the present
invention, LayggRadeson- of the cell elenments is carri esCTURII6A2ET ages
under a 30 | ongi tudi nally progressive, substantially unyielding pressure

front, in contrast, for exanple, to the w de-area perpendicul ar

pressure pat t;ﬁrélssf\i\gfigg ﬁ%{%\k@ﬂr RHeOUBk¥nBUSHaSE £ fdsAlorB88ure rollers

PCT/ US97/ 1642¢hich prprer’s.a surfafeithatais noRe iRFRSsUrenredigtands thrRSR e
rollers whi ch prese qgg N r #E% re | t han t he
conpact ed el e s é:%?o%%ggtlnfs%gn 0 %ﬁﬁ%hbﬁagg %a e?‘?/ilé(?e F’?éé*%%%'e., a
surface whichi je. ,nat sargacéiwaidi i sdeboar sednifitkeant Iy delfarmadt umdppr essur e,
primarily since it is harder than the gyre . resili enci:qrgu ber }?rd‘Fl astic
rollers of pri&ftRaSIPIeRPFOTAF P RANT Rat 1 dévfﬁg@? ECRPVERE J195E
material s i ncldide ja@fkakEbber or RRfRiADLY1NEAs OxE Cbr@vﬂ@uﬁi?eﬁmpﬁd&féﬁ as
stainl ess or chroned steel, which retain a consistently snooth

surface, or |kminpging dgvifenc EAARHRYE EOLLADIMHEY adgehnaivdg IRatades -
Delrin pogryer?err%aly non-oxidizirgd) c@pfegr,sgaéﬁgg{ ARSLALLE Nor O dife? PAI 1

of el ectrode ément conposi tlon layers | amnated to
respective cedteels whichenetabl |ectamsifscehtlyhsndoils syrdbeeabdy Yan- cul ate

f s . f _.ab - d
nder antd nt AeRar o PREEER i PRBRERNSE. Shof Ry ool BE potein L1 T

under alr'per7pressureée I S | ess t han
t hat which wadidmteasult in a | ateral deformation of t he el ectrode
conposition |ayer. Such an enpirical 20 specification for the caliper or
pressure setting is necessitated by the wi de ranges of avail able

| am nating congi i @Ngsansk e Hperde 16APOSEE td0NS5 palki 6B BDEEtEYEe
conprise

element composition layers is laminated to the respective cell

15 current collector foil, which is preferabhly reticulate or
perforate, at a preheat temperature of about 120°-150°C and
under an inter-roller nip caliper/pressure which is minimally
less than that which would result in a lateral deformation of
the electrode composition layer. Such an empirical ]

20 specification for the caliper or pressure setting is
necessitated by the wide ranges of available laminating
conditions and electrode compositions, which now may comprise
particulate component ratios of up to about 75% by weight, but
may be readily determined for any particular application

25 without undue experimentation.

A second-stage operation, in general, laminates electrode
composite members to an interposed separator/electrolyte
element having a polymeric composition comprising substantially

30 less particulate material; therefore, a lower assembly preheat
temperature may be utilized, e.g., in the range of about

100°-120°C, and the roller nip caliper may be fixed at a



particul ate conponent ratios of up to about 75% by wei ght, but may be
readily determ ned for any particular application 25 w thout undue

experi ment ati on. A second-stage operation, in general,

| .am nat es el ectrode conposite nenbers to an interpo

separ ator/eWQc?P’r"C?P"i/te el ement having a pol yneric con%om 597116428
conprising substantially 30 | ess particulate materi al; therefore, a | oner
assenbl y preheat _tenperature may be utilized, e.g., in the range of
about 100pderérmgicefipgl Aaminate rtdliaknesspwbath peay rma}xgl@eabbxed at a
- 3- VAS

PCT/ US97/ 1642& 18\9 prtja% tgpmnngée I|)nal ménn\ar'l:aet a°th %e efﬁwraflecrlange
about 50vadRapersf mHiss prohasst hﬁu@rdedmdnahechsemmgl tHen a preferred

variant of this roce t he .desired thickness of
Coomrt or ol SEPRERAE SeaRTEE Fieutte s Brenacety Th stumilayers vhigh

i ndi vi dug | y sk-ani Adi el Iy e anl 88EE£Q@ 06 G Rtk 9Bde comsuyiftdeas of the
respective el ectrode sub-assenblies in an i nternmedi ate operation prior

to being | ancHafages wfetther respective pinanodehsubepssembling in i s
sequence of QRELANLANSAIdidtion prol: PULIUY L¥ni AaCOIidqUchel! Byl €5

el ectrode/ separat or lam nate Interface and ultinmately Tesults in the
ability to usemplete tzrm iFedd semmb]t}or Tolieneetesnceharfebperaciwusiafforte

ener gy. AR BRbYre M (AN cbles Bh 4 A NEI L1868  Loaly et IR Advant a0

is achi eved i'n f éa e5|ve
i nterfacm of 11ahen.§teaintsaqcfarca=t andlwyarmdwnynaésmncy\mmhhal apililsy to use

contrlbutestgthe sealln%o eiédlscorl?jl t|e5|nthel§ er whi ch
m ght ot her wit§&"*PERASERA T &g G-a"ePbR: t T HBErREEn"T S odes.
density, or capacity, of the battery cell. A further advantage
is achieved in the ready cohesive bonding of the polymer-rich
interface of the final separator layer lamination which also
15 contributes to the sealing of any discontinuities in the layer
which might otherwise lead to irregular ion transfer between

electrodes.
20 IpT

The present invention will be described with reference to

the accompanying drawing of which:

25
FIG. 1 is a diagrammatic representation of a typical
laminated lithium-ion battery cell structure prepared by
application of the present invention:
30 FIG. 2 is a diagrammatic representation of a variant

laminated lithium-ion battery cell structure prepared by

application of the present invention;



20 ' BRI EF DESCRI PTI ON OF THE DRAW NG The

“present invention wll be described with reference to t he
acconpanyi ng drawﬁng of which: 25 FIG 1 is a diagrammtic
r epr esent atr dﬁ typi cal | am nated |ithiumion baptginerasds
structure prepare by application of the present invention; 30
FIG 2 is a dragrannatrc representation of a variant | am nat ed

lithiumion batteryg.gell; sty acwasramwced:éafesemaem'&atla&rlanclhae

present invention;
WD 98/ 12765 apparatus of the present invention as apﬁIﬁa@gﬂixﬁ&@@rlng an

FIG 3 is a di c ..e resenta i on, of Ianrn aratus _of the
o osent | nvenPiahoHune s IR R RRar TS rEHaR gcf%he%at”&p SEBEEof F
mefrber for thergatiery cell structure of FI G 2 FIG 4

I's a diagranmatic representation of a | am nating process according to
the prese invention as applied in preparing the battery cel

structure of FIG Z1g. 10is a qiaftGmecis iR RHTRLA Cof GPIGREAREBLAEN Of
a nmulticell battery structure prepared by application of the present

i nvention; process accqdEngs tpsthedbregentmiventiépreaemenlied én t he

operati ons preparing the battery cell structure of FIG. 2;

10 FIG. 5 is a diagrammatic representation of a multicell
battery structure prepared by application of the present

‘invention:

FIG. 6 is a diagrammatic representation of the operations
15 in a laminating process according to the present invention as

applied in preparing the battery cell structure of FIG. 5; and

FIG. 7 is a graph comparing the relative capacities, over
extended charge cycles, of batteries having a structure of
20 FIG. 5 and fabricated, respectively, according to prior

procedures and the present invention as depicted in FIG. 6.

I TION
25

Useful lithium-ion cell batteries have been made
available economically through the technological advances
described in the above-referenced incorporated patent

30 specifications. A representative structure of such a cell 10 is

depicted in FIG. 1 and essentially comprises positive and



15 in a lamnating process according to the present invention as
applied in preparing the battery cell structure of FIG 5; and
FIG 7 is a graph conparing the relative capacities, over ext ended

charge cycles, of batteries having a structure of 20 Fl 721'39%%
fabricat ed, WPA¥HdE% i vel y, according to prior procedu&%mg?\ the
present invention as depicted in FIG 6.

DESCRI PTI ON OF THE | NVENTI ON 25 Useful lithiumjon cel
batteri es hanegpséMengiRetrode laygy| gheReRthrich ddl PFEVRERUYH Gthd S

technol ogi cal; ,RdYBREES a separi®®/bRBdeionddi® Amearr ebeeansetk iRcar porat ed
patent 30 specifications. A representative structure of such a cell 10

i s depi ctpedyiner ke Gratrishd Rresenebdy| § rohpvigesd igeset flvorifie)
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PCT/ US97/ 164ft'??pc’\i\g;mg‘a'heé%t?"?r\‘/ledleI‘—iecltlrtlc')1 &" Fé%/letr eelleecrtr:gr?tlgtifmlu/mboent \/V/elérll whi ch
i's i ' er psafateseos aticpeekedt rThade eékenrotied > exprprisehy @mprise
polymeric matrix, preferably a poly(vinylidene fluoride cqQpolynmer, in -
which a IithiauHﬂ%&llﬁtéget‘?‘?%‘I"iﬂlé‘%é’ﬁ‘uff’%ww 1 eg-. & te| 9“@@"‘

di spersed. Thesp1ahestsefead &SRACIHaPEbYe COFPFdvsibly @nkbtdd Biithg
I ntercal ati on conpound, e.g., Li[err]Mi[err]derr], and a

conpl enent ar \- krddam apngapdid e RrRNeii Br§ FormefaPEEFAGEU™ <OXS (A um
ions, e.g., GALDANcN bhéh fDrdPetbeReht PHUNGAKEO in a sARARALTSo1RREN
di spersed as particulates in a simlar polyneric
10 matrix. Electrically-conductive current collectors 11, 19,
preferably of aluminum and copper, respectively, are bonded by
thermal lamination with respective electrode elements 13, 17 to
form electrode members which are, in turn, similarly bonded
with separator/electrolyte element 15 to form a unitary battery
15 cell. In order to facilitate subsequent processing of the cell
to incorporate the lithium salt electrolyte, at least one of the
collector elements is permeable to fluids, such as in the form
of a reticulate expanded metal grid 11. To provide simple
battery terminal contacts, the current collector elements may

20 be extended as tabs 12, 18.

A variant cell structure is shown in FIG. 2 where the
positive electrode member comprises two electrode composition
layers 23, 23 which are laminated together with current

25 collector grid 21. The resulting composite electrode/collector
member is then laminated with separator element 25 and negative
electrode/collector laminate member 27, 29, which may also be
structured of a grid collector and multiple electrode layers as
with the positive member, to form unitary battery cell 20. The

30 advantage of this composite electrode member structure lies in

the manner in which the polymeric electrode composition of



10 matrix. Electrically-conductive current collectors 11, 19,
preferably of alum num and copper, respectively, are bonded by
thermal |am nation with respective el ectrode elenents 13, 17 to form

el ectrode nesgipdspay8i ch are, in turn, simlarly bonded p&U$v 716428
separator/electrolyte elenent 15 to forma unitary battery 15 cell. In

order to facilitate subsequent processing of the cell to incorporate

the lithium s@ltem@hggtg@'ﬂér?etﬁtése%ﬁ'fe Qﬁgn Oérfci‘qio formC! Lﬁﬁ?at A expanﬁrts

is permeable to fluids, such as in the form aretic
metal grid 11.elPstppeei tryer mitdin whlcbamlakgcttcm mrnell 2¢0hs aeﬁssanntmély

current col | et o s8L8MeRf Sy y*lo%oto E%&gﬁge dgeqt tabg, g uctlvnttiyve

A variant cell structure is own in posi
el ect rode nenudrooghput selse tenhece:IredEr odspcoiminsi ,t It(hlis lamih&y£irs enduxasd

whi ch d h | d.21._ Th
Fosul i ng TomIBEHFETE ERT BREOr PRECGH DetesnEhe e A iorlaha AR t

separ at or el eiRineRbsaddd NefAithe®, advaltLeddsnas/ %bb%a&gr:iﬁmﬂmgﬁxe%e”ber
27, 29, which may al so be structured of a grid collector and multiple

el ectrode | ay@PETa¥ bondingiangd physpeait Feinfanasmentt §or orle ureliadriyeBut t er y
cel | 20. The f%quadyamam%m crohugceeyp@féxﬁ&ne' %Eﬁogﬁdé@nﬂ%egfﬁggcg%” e

lies in t he manner in which the polyneric el éctrode conposi
-6 - partyendy iy agmful when fashioning compact multilayer

PCT/ US97/.1642 - I Lh gren ari d to. fo sin
coher ent 1P %SF(E& %%%e ayé?‘ \%\Ag?%lﬁml %%8 ?Eector W&ng{l?s Ogs@é"ﬁt Pgl |y
enbedded. In addefiongate Esballieskiend.i onic conductivity t hr oughout
the el ectrode conposition, this [amnation ensures 5 intimate el ectronic
contact between the el ectrode and coll ector el enents and, further,

advant ageousl y provitbssiftathveolexa®ples of the preparation of separator/
electrolyte and high capacity electrode elements for which the

15 invention is particularly well suited are as follows:
EXAMPLE 1

A separator/electrolyte membrane coating solution was

20 prepared by suspending 30 parts by weight of an 88:12 vinylidene
fluoride {(VdF):hexafluoropropylene (HFP} copolymer of about
380x10° Mw (Kynar FLEX 2801, Atochem) and 20 parts silanized
fumed silica in about 200 parts acetone and adding to this
mixture about 40 parts dibutyl phthalate (DBP} plasticizer. The

25 completed mixture was warmed to about 50°C to facilitate
dissolution of the copolymer and was homogenized in a
laboratory ball mill for about 6 hr. A portion of the resulting
slurry was coated on a glass plate with a doctor blade device
gapped at about 0.5 mm. The acetone coating vehicle was allowed

30 to evapqrate within the coating enclosure under moderately

flowing dry air at room temperature for about 10 min to yield a



natrix‘bonding and physical reinforcenment for the relatively fragile

reticulate collector elenent. Such added integrity is particul arly
useful when fashioning conpact nultilayer 10 batteries of high capacity
by repeated or_concentric folding of an el ongate fl eyj .

Il 1ustrati VEO&¥ es of the preparation of separator/ §b?é$%@§?glyte and

hi gh capacity el ectrode el enents for which the 15 I nvention is
particularly well suited. are as fol]ows: . )

EXAVPLE 1 tough. flexi 1§ep8?3§6’r9’e¥° tridfy PBLRBNR At CEREN T 98I TR on
was 20 prep@isﬁls Pravesperdi POIMWRARLSLEY0 VBt nbKaBn8&ial? cusRYY i dene

fluoride (VdF): hexafl uoropropyl ene (HFP) copol yner of about
380x10[ err] MY KSeRIFAUERY2 8ORAr AF QR HRiFMemt§ .20 parts sil ani zed f umred
silica in about 200 parts acetone and adding to this m xture about 40

parts di butyl phthalate (DBP) plasticizer. The 25 conpl eted m xture was
warnmed t6é about 50[err]C to facilitate&EXAMPLEDRSSOl ution of the copol yner
and was honogeni zed in a | aboratory ball mll for about 6 hr. A
portion of the resulting slurry was coated on a glass plate with a
doctor bl ade devi c® positigeppedcaioddotmgdsd tidh Whe seiaread egati ng
vehicl e was all owed, 30 to evaporate within_the coating encl osur e under

moderatel y ROMOFPRAFIRG dfy3at+dROYFSH BEAPRT 83Tt eedr DieRiRT £fOrnPROLD
yield a 10 min at 2500 rpm a mixture of 65 pafts by weight of %% @R/ 12765
PCT/ US97/ 16428 . tough, flexible, plasticized f||ﬁ1ﬁ%|ch was stripped
fromthdC sieyeddisiMnaPe. Wherein Akwes2 aboud - 0.1k neMnbPclorarergdsieasi | y
cut in t QLY ; gRagator S . .

EXAMPLE 2 hinhEf &%53; ti vetsel %%'% r Ode%t,?osr%gg?g i 0%10 vgaasrtﬁr é’SEr‘ gﬁp by

copolymer (FLEX 2801) of Example 1, 18.5 parts dibutyl
phthalate, 6.5 parts conductive carbon (Supe}-P Black, MMM
Carbon, Belgium), and about 100 parts acetone. The resulting
15 slurry was degassed by briefly applying a reduced pressure to
the mixing vessel, and a portion was then coated on a glass
plate with a doctor blade device gapped at about 0.4 mm. The
coated layer was allowed to dry within the coating enclosure
under moderately flowing dry air at room temperature for about
20 10 min to yield a flexible, plasticized film which was stripped
from the glass plate. The film, comprising about 65% by weight
of particulate active intercalation material, was about 0.12 mm

thick and was easily cut into rectangular electrode elements.
25 EXAMPLE 3

A negative electrode composition was prepared by
homegenizing in a lid-covered stainless steel blender for about
10 min at 2500 rpm a mixture of 65 parts by weight commercial
30 petroleum coke (MCMB 25-10, Osaka Gas Co.), 10 parts VJ4F:HFP
copolymer (FLEX 2801) of example 1, 21.75 parts dibutyl



honogeni zing in a lid-covered stainless steel blender for about 10 mn
at 2500 rpma m xture of 65 parts by weight of 53 [err]m 10 si eved
Liferr]Mi[err](err], wherein 1<x[err]2 (e.g., Li[err] Mjf[err](err]4
prepared in wosegi27@g@nner described in U S. Patent 5,266, 29%cTnise7idsd S

VdF: HFP copol ymer (FLEX 2801) of Exanple 1, 18.5 parts dibutyl
pht hal ate, 6.5 parts conductive carbon (Super-P Bl ack, MW Car bon

Bel gium, and 0 t The t.ing .1 sl urry was
degassed by bPi%gﬁ%‘{%a%%blj;%%%aa%ggdﬁgéﬁrpg ecs‘{sngjr%eélttl(l‘)’e Carg°i‘hea’%ﬁ§ v éer
and a portionpazsstacetamat Aleonesutiags slurry padtdegsdseda dagtHpdrrada
devi ce gapped at out 0.4 The coated | ayer was gilomed to dry
within the co&FangﬁﬂcT%ﬁﬁﬁéyyn a glﬁﬁﬁe91$%ﬁéP§PePy%PF5ﬁfn ¥ Gt 1 oom
tenperature fgappb@uit &butd oNiSNmin0 Yhée! ebardd q&kelrewaal asiéwdgad blm

whi ch was stripped fromthe ?I ass plate. The film conprising about
65% by weijht within ghe aatiag sPelgsurs dndare mesesetehy nhlewing drwagisbout
0.12 mm LRI ckomndk &ask! ¥ bddM 9gf a6y ele e 4l S.
o o &y a %%I\/PLE 30 fEL AWY 1 o %\ gée& : Vfg.egtqgﬂg

el ectrode confédnt vhiclwaasprepdityl dnripped fhamogsnigliasg phatel iThec didmed
stainl ess steel | a t . 10 mn_at 2500 rpma. m xture of 65
parts by meigﬁfmgéﬁggﬁ%iéﬁﬁuégggePYOY%ﬂﬁﬁﬁéggp?ﬁﬁﬁ§u2§§ﬁ0?cﬁﬁﬁ}a Gas Co.),
10 parts VdF: HRPercalatiwpolaperial FLiExs 286t of. 1exanmpkRidk 2d Waspaaksly

di but yl ; - 8- WD 98/ 12765
PCT/ US97/Pe428Ut into IRAYaRoMtar §198t1ode L18MSBESP conducti ve carbon, and
about 100 parts acetone. The resulting slurry was degassed, and a
portion was then coated on a gl aSSE)EzlmaptLeE vgith a doctor bl ade device

A battery cell 20 as depicted in FIG. 2 was prepared in

15 the Zfollowing manner. An 80 x 40 mm positive current collector
of aluminum foil 21 in the form of an open mesh grid of about
30 um thickness (e.g., MicroGrid precision expanded foil,
Delker Corp.), was trimmed at one end to form a tab 22 which
would subsequently serve as a convenient battery terminal. To

20 enhance the ensuing adherence to its associated electrode
element layers and improve contact resistance, grid 21 was
surface-cleaned of oxides, such as with a caustic wash, and dip-
coated with a conductive primer composition of commercial
battery grade conductive carbon black, such as MMM Super P,

25 dispersed in a commercially-available agueous suspension of a
copolymer of polyethylene with acrylic acid, e.g., Morton
International Adcote primer 50Cl12. The fluid composition was
sufficiently thin to preserve the reticulate nature of the grid
and air-dried to a coating of about 1-5 um thick. '

30



gapped at about 0.5 mm The coated |ayer was allowed to dry 5 wthin the
coating enclosure under noderately flowing dry air at room
tenperature for about 10 min to yield a tough, flexible filmwhich
was readil stri;) ed fromthe glass plate. The film conpri sing about
65% by wei HiQ984# ‘gart i culate active i ntercal ati on neteFPE7154%s about
0.15 mmthick and was easily 10 cut into rectangul ar el ectrode el enents.
EXAMPLE 4 A battery cell 20 as depicted in FLG 2 was prepared
in 15 the fol | oWAgt hethritt ™nFesHienIoWERE pdk t5arRd Efifr ERtMcRA | ect or

of al uni NnuMghQinb12121 Po t Adrd PBifi vaN2BEPr &8s e U cQf 28b0YE (F1g. 39
[err] mthickness (e.g., McroGid precision expanded foil, Del ker
Corp.), was whiichnwarat ter asremagedowith gubd 221 whidchaminateduin
subsequent |y _seryv S venient. ba y.termupal.. Ta 20 enhance the
ensui ng adh&pgﬁgggfl% P s&gés]s%g[lea tégneglség%‘r%%lels epl&tgﬁeﬁ? F%?/ers and

| Nprove Tontragpiresentatiowenf FIG 21 WaSshown ShddeaCaatliaaneon dpmadaides,

such as with _a caustic and di p- coated with _a_conductive primer
conposi ti on 3df léoﬁﬁﬁFEFggfﬂ} an b‘éfFFEV?mﬁP'éd‘ép%rng’tﬁa\’fg EAPRRAEHi%ck, such
as MW Supergetricdbutili s@€r Hetkdr iarCOHUREEY abd T Bdhabbe aaMes ion

suspensi on of a .copol yner of polyethylene with acrylic acid, e.g.,
Mbr t on and COFRAL FBRa? RRAcotE PiilREr robass 3the MEBGLAICORPANIES 37 was

suffi cientl yhiRebQuPEeseivérd R I @hgkat ??]r?{(é"‘ﬁ'xdéfr HBRi8L bressurdnd
fmthick 30

air-dried to a coating of about 1-5 [err
-9- 10 and map bave2gcsesilient surface, since their role is to draw

T VST 0o pasenlO 0025 IBCTLSE NS SothsLiam e 11 m
whi ch wer e tdravedspesbl bdaveth I iwhiZh anfitéammatmed vimer matrappaf at us of
the inventi(glégg%gd%scggpggg%{géﬂéfé%eggg 23. A useful adjunct in the
preparation of smaller assemblies, e.g., test cells, is a pair
15 of heat-conductive carrier sheets (not shown), such as 150 um
brass shim stock, between which a laminate assembly is
temporarily positioned while being transported through the
apparatus. This transport medium also serves to assist in
uniformly distributing the heat and laminating pressure. The
20 temperature of heaters 35 and the speed at which the cell
assembly travels through the apparatus determines the
temperature attained by the polymer matrix, which in this

initial laminating operation is preferably about 120-150°C.

25 Immediately beyond heaters 35, the heated electrode
assembly encounters non-deformable primary pressure rollers 36
of stainless steel, for example, which are loaded, as under
adjustable spring pressure indicated by the opposing arrows, in
the range of about 45 N per linear cm of roller contact. As

30 noted earlier, the load is more specifically adjusted,
depending upon the composition and size of the electrode

components, to a maximum which will not initiate lateral

- 10 -



5 representation of FIG 3. As shown there, |am nation apparatus 32
Is essentially an inprovenent upon the card | am nati ng device utilized
in earlier battery cell prototype fabrication and conprises a pair of
pilot rollersysdgigh@ati ng el ements 35, and pressure ropteusy7aées

Roll ers 34 are under nom nal pressure 10 and may have a resilient
surface, since their role is to draw el ectrode assenbly 21, 23 into
the apparatus @@fioﬁdarc%h bESelemendd Me! upast Hea &f 1ok, WhehesoktLdud he
pol ymer matrix of el ectrode conposition elenents 23. A useful adjunct
in the pr@meQﬁhﬁswnoiSsﬁﬁf¢@#lW§é§E@bbﬁésd e  inwgateepfibesive a pair
15 of heat-conductj.v r t 0 ]

brass shim st occfﬁ%' de \?\"/elg?ij %éé]oeff%e%% g ggs‘\'ggn%}e%g t%ga%ogngge%%él

positi oned MM|éﬁpémﬂsupstaansabIYEnilfunmmgbpéhevolds appawabusdeﬁh¢sed
transport pedi um serves to assi.st forn I stributing the
heat and Ian1ﬁ%f %;%§§§8F§ axf HLily 2 eFénﬁQ?af?WQf?ﬁs a 8F§e§5%§ﬁd t he

speed at whi cheidwrreld composiessendt llemares 23 htotalyH kdeagpad adpénings
determ nes the tenperature attained by the polynmer matrix, which in

this | ni &9 afoTm M FARPRE GRRSHIVIFOMPORE BieR abAXeTaiCh1 9DCasRE err] C.

25 | medi pl&loy Beyond heaters 35, the heated el ectrode

assenbly encounters non- defornable primary pressure rollers 36 of

stainless steel, for exanple, which are | oaded, as under adj ust abl e

spring pressure indi b 0 0

about 45 ﬁﬁper | negﬁ&%%ggf M?%ﬁef %R%o%%g%ﬂ%sW%§0Eeﬂojfcac'itee§il?lﬁlterDg%’ugéﬁ

i's nore speci fteatdmplateushedstructuraeferdl hg2pFIG he )cdspdepicoed ancte

size of the ol ectiofSy in r1d PORERS Sarki®al B LINN WLEN X! 13 08 simpay
represented as a laminating station 32 having primary pressure

ad

rollers 36 which are spring-biased in the direction of the

15 radial arrows. As shown in greater detail in FIG. 3, electrode
composition film elements 23 are assembled with collector grid
element 21 and laminated between rollers 36 at a maximum
pressure, as earlier noted, to form positive electrode member
43. Negative electrode member 45 of the cell was similarly

20 formed at station 44 by laminating a section of the electrode
film 27, as prepared in Example 3, together with a primed copper

foil collector element 29.

The resulting positive and negative electrode members 43,
25 45 were then assembled with a 60 x 40 mm separator/electrolyte
element 25 as prepared in Example 1, and the assembly was
laminated at station 48 to complete cell 20 of FIG. 2. Unlike
the initial-stage lamination of the electrode members which
comprise 65%, or greater, of solid particulate matter,

30

- 11 -
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‘deformation of elenents 23. Under such a |oad, the el ectrode

conposition is effectively pressed into intinmte adhesive contact with
collector elenent 21 while being conpressed to expel ially al
entrapped Y8I¥&76%men, as depicted, 5 grid collectors gFiﬂﬁﬁl qééd t he
conpression forces the el ectrode conposition of elenents 23 through
the grid openlngs to fq{n1a si ngl e cohesi ve conposition Igger whi ch

encases largnpsdpp wah the peparator/eles e lyice S3P™ERE BRHH4t us, or
replicate UnidfecRer 80der algnltfgcaameiégé 30 r8h0HGS Udhdll i0Rk], 200 (FLG 2)
i s depicted nore gener al (g 4 where lamnating unit 32 of Fig.

3 is sinplypressureepfeabeented é‘”&im érﬂh nauwgs st’atansh a3zemperagins iafar y
pressure rollens C S of .the 15
radial arro .°u%s 1@& l§§ ('wnér (iiahgtg(%rSl P‘%’H}%&‘%Isz%g\ekgtigﬁ thg aﬁ@e Eo
conposi t §on ddjuntdhgnehe sp2ss e a&sehblpdlmnrvlnnﬂﬂemstms golthterpose

el ement 21 and | m'gat ed blﬁ?ween rallers_36_at %)r%élsure
earlier not RESHE FEFPRBETY Y &FAHIESE SdBaf@rr%%rmn comggesmélala

el ectrode n&!’é&&rps‘wmef: shenneldf washsckhesd lapou2075 hnrred &haftehdod4d by
| am nating a section of the el ectrode film27, as prepared in Exanple
3, together Wi Br2-pARHRALE GiR)dr assembly 79 thalt) Ehese Wildmsniidd travel

The resul ti rh%],gqsautdmsl@pd eGSR S eheektode W& %%e gésemﬁ%"ﬂe t hen

assenbl ed wt 60 x 40" nm separat or/el ectrol el ement
prepar etl0i n thexgiye 1imitnthe m@mm@rrbwuh@sﬁg compreaﬁimwéd the asseily 48
to conplete |l & 2. Unlike the initial-stage |am nation of
t he el ectro e'l'l %QnngBmE;L.Ch conprise 65% or greater, of solid
particul ate matter WD 98/ 12765 '
PCT/ US97/ 1628 I am nation with t rator/electrolyte el enent may
PC 96087 8

15 An extended battery cell 50, as depicted in FIG. 5, of

substantially twice the capacity of cell 20 (FIG. 2) was
prepared with duplicate positive collector grid elements 51 and
positive and negative electrode £ilm elements 53, 57, along
with a single, common negative collector element 59, following
20 a laminate fabrication procedure earlier described in which
each of the three electrode/collector sub-assemblies was pre-
laminated, as at station 32 or 44 of FIG. 4, prior to final

lamination with separators 55, as at station 48.

25 A preferred application of the present invention in
preparing battery cell 50 is depicted in greater detail in FIG.6
where the laminating apparatus previously described is yet more
simply represented by the opposed arrows. Thus, at step (a)., the
sets of collector and electrode film elements 51, 53 and 59, 57

30 are laminated to provide positive and negative electrode

members 43, 43, and 63 which proceed to step (b) in the

- 12 -



effected under significantly | ess strenuous conditions, i.e., a

pressure of about 20 NNcmat rollers 47 and a tenperature of about
100-120[err]C. A useful lam nating operation alternative to 5 adjusting
the pressure woot@sprinmary rollers is to interpose be ecuaseins428
assenbly margins a pair of non-conpressible shim strips (not shown) of
a thickness about 75 [err]mless than that of the pre-lam nate cell
assenbly so ”f%ﬁés&&roﬁtﬁ&%gy ! bhEEéVeén elecd R hubaal | ¥, 4 hraugh the
pressure nip wwth the assenb alto thereby limt the HBX|nun1resuIt|ng
conpr essi on ofposhtiveseempgr 43 eBESGEhb©®e¢RQh a separator/electrolyte

EXAMPLE 5 Q§Lﬁgq bat i G 5,
of subst%%Fngwa?mnce the %gSagl 8& cé*légﬁfgﬁ?g§92§£%é%?é}eﬁk'

pr epar ed mnthcdmphe:a5eb$mnaua\ﬁ§ o@lbetvethxménh(ﬂe&ﬁphthasateuubr similar
positive ative el ectraode mel enents 5

Cngl e, camroBAEGREF VB E51 1kt GPEiBuh T (8 PvERE=TStT/ S AR ChAES
fabrication presedyieienrdd Prepazed beduidkplai th The trakhest $hadyeresd
el ectrode/ col | ector sub-assenblies was _ pre- | am nated, as at station

32 or 44 of FRG this gmpderestprpgp is abouﬁamah%tqh@ndaﬂlfﬁ%éaaﬁétm@%ofas
at station 48gapa23tor/elect oIt ok ngf?@ﬂg Qstd,'n%% OLstPe1 P RS YUen, the

i nvention in preparing battery cel eplcted In greater detarl
in FIG 6 baliencet A thal navergwappabatproypided doskhedegesddismt s yet

nor e q@! sent y, Lhe opposed arrows. Thus, at step (a), the
sets of cé‘le Xné@ gl%%t%%% ( bln1e|enents 51, 53 and 59 57 30 are

| am nated to prOV|de positive and negative el ectrode menbers 43, 43,
?ngZG? whi ch proceeg totgéeHMQbha&grteg is laminated to the electrode

composition surface of member 43 in the appafatus of the
invention under sufficient temperature and pressure to expel
15 all interlayer air and effect a flawless adhesive interface. In
this respect, the transparent nature of carrier 62 is
invaluable in ascertaining the optimum laminating conditions.
Additionally, carrier 62 provides protection for the ocuter
surface of layer 64 until the final lamination in step (¢) and
20 thus is of particular advantage in continuous fabrication
processes. Companion electrode member 43 and intermediate
negative electrode member 63 are similarly laminated with
separator/electrolyte elements 62, 64 to yield final sub-
assemblies 65, 67.
25
Prior to assembly and lamination at step (c), carrier
films are removed (not shown) to expose the unblemished
surfaces of facing separator/electrolyte layers 64, 64 which
may then be laminated under reduced temperature and pressure
30 conditions to effect a homogeneous, cohesive bond completing

battery cell 50. The efficacy of the present invention may be
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fabrication process. There, an el ectrode nmenber, e.g., a positive
menber 43, is assenbled with a separator/electrolyte el enent which
conprises a renpvable, preferably transparent, carrier substrate 62 of
pol yet hyl eh@?sé‘lz@ﬁht halate, or simlar 5 abherent mate¥SHPSRMR | ng

| ayer 64 of separator/el ect roI yte corrp05| tion as prepared in Exanple
1. The thickpess of x:J enent at,j,on i s about half the

desired finaf®&hotiht I(;%%/ 74 wm’c% %?'%%ﬁ%se@& %Fﬂﬁ%"%’b oSt FBRASEFRCE  as

will be seencelhe0 over biné &ﬁﬁﬁcﬁfteﬁhaéri@eyﬁi’f Whilkgledpsavd drd cy1kBeac
subsequent 10 | am nati on at step In step (b), layer 64
i s |aninated®t%’ 1 FeE &&Fﬁoaée Vana"c’(ﬂ?paﬁl fPoRNS FIRARG L3F Oﬁeﬁbéf‘tﬂérif n the
appar at us of t ég\gzg f ?{Tp t essure -
to expel 1SCM1§1ICI)f |lrﬁegrﬂ§§£rbgﬁ an g?‘?et:bﬁggg d s?ug:d#egfggglt%tﬁerface
I n Bhi swiels peptipreng anénspmmrmtempéogédcmxmerto62h|es invention.
i nval uabl e in ascertaining the optimum | am nating conditions.
Additionally, carrier 62 provides protection for the outer surface of
| ayer 64 until therfiizalanktagipatédn-hat suttapr( enbédinerty aridhwaristdbns
particul ar ad rh i n_continuous fahr.i % ion processes. Conpani on
G ec

el ectrode ne CEPEntBY RRUTSR &1 ﬁé‘ﬁaf?%l%\f SPASERENERDERS 63 ar e

simlarly Iagkﬂmasi addiftan in tﬁepﬁi@itordfelt%t EBL¥S &Y 1$i64ribd. L O
yield final sub- assenbl i es 65, 67 rior to assenbly

and | anitRat i SACHteMRQGimenEs and yaFiations Plrlerrﬁn'aﬁ%d?férﬁwédk@m’éesh%vm) to

expose the uphlemdedeAthin th8UséSE€ SO HeAGhYEnSEHRT A tm' YhE
| ayers 64, 64 which may then be | am nated under re uce tenperature

and pressur eapRended sH@iMSons to effect a honogeneous, cohesive bond
conpl eti ng '

15

20

25

30
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battery cell 50. The efficacy of the present invention nmay be
- 13 - WD 98/ 12765 e

PCT/ US97/ 16428 seen in FIG 7TNﬁHﬁHEEdWM§BgENthe variation 72 in
capacity of wopogghds 50 over the {i ndi CBEEmml es of char gepdrusiTasse
cycl es at a O3 rate with the variatTonm74+a—the capacity of a battery

cell of identical structure and conposition, but fabricated 5wth

equi pnent and preceisirEsaigrgd a¢ged prior to the inventi o
is anticipated that other enbodi nents and vari ations " mﬁ,{!&ﬁﬁﬂw
I nvention wll becone readily apparent to the skill éd art

| i ght of the foregoing specification. 10 Such enbodi nents and vari ati ons

are i ntendqd 19 | Tkey 58 o or | LRGLICSY W | N0 L% 25088, Obe LG Babl "

as set out } appen
battery cell elements comprising at least one polymer matrix

composition, which apparatus comprises means for heating at
least said one polymer composition element and means for
compressing said element assembly to form said laminate
characterized in t hat
a) said compressing means comprises a pair of rollers

opposedly biased radially toward contact, and

O O N N W N

b) said rollers have s-<rfaces of at least a hardness able to

resist deformation under a compressive biasing force sufficient

[
o

to deform said at least one polymer composition element of said

)
r

assembly situated between said rollers.

[
[y

1 2. Apparatus according to claim 1 wherein said recller surfaces

2 comprise a metal or low-resilience polymer.

1 3. Apparatus according to claim 2 wherein said metal is
2 selected from the group consisting of chromed- and stainless

3 steel.

4. A method of laminating a layered assembly of rechargeable
battery cell elements comprising at least one polymer matrix
composition element
characterized in t hat
a) said assembly is heated to soften said at least one

polymer composition element to a laminatable condition;

N o U o W

b) said heated assembly is progressively compressed between

This Sheet Hac Been R T
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g?ai med is: 1 1. Appéatiiilﬁii-ﬁiéﬁ' Hr‘@TB@ ﬁg ;i Iayeru“\mmﬂ\'wmlmu\

rechargeabl e battery cel | flenenggp@qmgrising a pair of 3 subassenblles
wherei n each enbly czﬂ‘prﬁeﬁ—af—l-' east—Z4 one polyrrer
WoPdiae

corrposrtlon having a first 5 surface renovably af |xe§ 7?10 a carrier
substrate and the 6 other surface lamnated to its contiguous assenbly 7

el enent to form,sal I 8.sai.d appara risi nmeans
Ferovt ngBt hes AT & 3ITEEE, pbeeta R aRR o r S0HRHEE el o PESPE, o
means fog heating) i<l spefuaes 60NPDHSd AN eRlsCHRBE 0l la HHaremeBsSatdleast
subassenbly; 12 means for contacting the exposed surfaces of each 13
subassefBl y #elore FHfeisér defagnayion unqgﬁ?aﬁs CPBPT TR SWidfgngaf Br Ce
subasseqyl | .t AR 13 GRkrh Il HeARALAEC! 651 AR Idbn gggtc%

sai d conpressing neans conprises a palr of 18 roI ers oppos | ased
radi al | 32t onetermergnt act, and 19 b) said rollers have surfaces of at
| east a 20 hardness able to resist deformation under a conpression 21

bi asing force sufficient to deform said polyner 22 conposition el enent of
sai d subassenblies situated 23 between said rollers. 1 2. Apparatus
accordi ng toscl ad mdcdeaeicbraahg €6!dElim 4Swhkaeces mm&eea BBk ahb Df

| ow-resilience polyner.
2 is compressed at a maximum force which is 1nsuff1c1ent to

3 laterally deform said at least one polymer composition element.

6. A method according to claim 5 wherein said assembly
comprises at least a pair of electrode polymer composition

layer elements and an electrically-conductive collector element

B W NN

situated therebetween.

1 7. A method according to claim 6 wherein said ceollector

2 element is reticulate.

1 8. A method according to claim 7 wherein said collector

2 element is an expanded metal foil.

9. & method according to claim 4 wherein

a) said at least one polymer matrix composition element
comprises a layer having a first surface removably affixed to a
carrier substrate; and

b) the other surface is laminated to its contiguous

Y WM W NN

assembly element to thereby form a laminate subassembly.

This Sheet Has Been R
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1 3. Appar atus according to claim?2 V\/ner ein_sajd netal “llslllﬂ“ﬁ!al“]ﬁ"@““igm
e T

t he group consisting of chromed- ”ﬁ?d‘  pEEe$ steel.
of lam nating a | ayered assenbl rgeabl e battery cell elenents
conpri sing atwhegmhes 3 one pol yiner LAl hanCSI tion el eneptTaheriess said

4 assenbly is heated to soften said at Ieast one polyner 5 conposition
element to a lamnating condition and said 6 heated assenbly is
progressively ¢ LWEEH T pay g\f rg $L $, 0pposedl y bi ased

radi al ly tgward cont act gb%har actlggrltze lal at L% " a) a pair of
subassenbl 2es i s feo)r raad:auwrepél aae@cﬁubalsl}ewdhesubasé@mm@/ conprises said at

| east one olyner r|x conposi ti ri.ses_a |l ayer
havi ng 12 § first 5#5?785%% %?ea’rgesaégh%‘ﬁ?? %&sr 3t€ 13 and
t he ot her aurfag,@o\}@in Rdded to its contl guous 14 assenbly elenent to

t her eby form said lam nate 15 su assenblxy; 16 . b) the carrier
substrat es3of sai o€ SERBFEE s 1T G RInEacsTeal st apwositipn layers

first surfgces,pf alcbaC QARG ddc@nwh BNesse Ja%out@t»e@a wgﬁda@éanmhﬁes%é n
contact with one another to 20 form an assenbly to be | am nated.

A net hod adcor tamipatedsl ai m 4 wherein said layers 2 conprise a battery
cell separator/electrolyte 3 conposition.

1 11. A method according to claim 10 wherein said layers comprise

2 a battery cell separator/electrolyte composition.

This Sheet Has Been Replaced

T

- 17 -



