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BATTERY/ SUPERCAPACI TOR SYSTEM 5 BACKGROUND OF THE | NVENTI ON The present
invention relates to electrical energy storage systens which nay be
recharged over numerous cycles to 10 provide reliable pgwetiTGBERS®S3fOr a
wi de rangg of electrical utilization devices. The invention is directed in
parti cul ﬁ'ot%’ﬁ”ég rechargeabl e storage system which is cBpHBP®/I exhi biting

ovor dansi ty andCCIRbCHpRr AT T PRirhr CarPhAChRaER BRaneflor e Tn tne

present invention, such a systemconprises a nulti-layer energy storage
devi ce structure which incorporates respective positive and negative

el ectrode el ements conprising 20 pseudocapacitor or doubl e-1ayer
supercapacitor materials and rechargeable intercalation battery materials

inaunitary, flexible structure whi ch naé be sized and shaped as desired
to beSnmpst conpatible wit 2 provi di ng
advant ageousl y hi gh energy and power densities. 25 Moddern applications

requiring nobile electrical energy sources, ranging from personal
t el econmuni cations devices to electric vehicles, are proliferating at an
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20 OCIGBET%EgELde reliable power sources for a wide range of electrical

utilization devices. The invention is directed in particular to

a rechargeable storage system which is capable of exhibiting

both high energy density normally associated with batteries,

and high power density and long operative life typical of

15 supercapacitors.

In the present invention, such a system comprises a
multi-layer energy storage device structure which incorporates
respective positive and negative electrode elements comprising

20 pseudocapacitor or double-layer supercapacitor materials and
reqhargeable intercalation battery materials in a unitary,
flexible structure which may be sized and shaped as desired to
be most compatible with utilization devices while providing
advantageously high energy and power densities.

25

Modern applications requiring mobile electrical energy
sources, ranging from personal telecommunications devices to
electric vehicles, are proliferating at an exponential rate.
The demands of these applications range widely, for example, in

30 voltage or power level, but all are preferably served by light-

weight storage devices which can rapidly provide consistently



WO 00/ 63929 PCTI USOQ' 10461 hi gh energy density over long tine spans and can
be quickly recharged to operational energy levels. To date, these

extensive nobile energy needs are being nmet, in a fashi r the
ot her of the two avail abl e types of storage devices, SZ@R%?Bxﬁggﬁgpgeable

batteri eswod0ré3®2eas |lithiumion intercalation systens, pg&rmsdaiqgapaci tors
of either faradic pseudocapacitive or non-faradic double-layer reaction
type. Th%.cgoi ce between these battery or supercapacitor 10 systens is

nor mal | y "di%Ct SPEHIH e HE o P¥eEr £9BY nbled spe@sappli caniloa’ suidsdand for hi gh

ener gy deRshhYgedVéd | Rdibemm b [ r r rapid delivery of

hi gh power, prgvi ded ct?)é)}ﬂ'l s&percapg%:%f%r%%e&%t'efrlrﬂ%t sdtd?%’ rréllé)?s? equi renents for
bot h hi gif*'ER&LYG BERIL IR Fheponencednsine deiing aesi nghea apgpdhicat,i @y have | ed
15 in sopgel Bst@ne id. j.Zatl bot h device types arranged

t oget her i.r? such a%'rﬁr:gr?(r%ezr)gt Fg% %dﬁegkggiggéeitsypaVaiqfaBFBrgg% FetEcge t he
supertapdéit or réhasssabier batsenfeshi ghchoxerl i tammrdon Thet i saduarkage of

such a pr. ] it xcessive weight factor alone is clearly apparent.
Addi t i oﬁasgg‘lz%lﬁngia |on§3 G2BACthYES e‘?fpe itGE LpEapif| ReewiPTaPacHEivENe

requi r ememt nforfabmaticerdpublarJapgr Bsaoitldn agpkh the multiplicity of cells
and in battery life cycle which may often be shortened by the physi cal
rigors of the intercal ation battery chargi ng operation. 25 The system of

the present i rmentdmyidecpeesest Stitesd YRRikab)! eraQMﬁé‘f@a[FAl%iéof} means for
rreetli g tshetrequj rerre;tﬁlﬁ of nobile electrical energy utilization in that
it combi AES-The TUSETELE ehatakedhsithesmerepprassing ek tdvey and t he

super capappl deat Jbrll SideGkadi ﬂ&ﬁ%?&ﬁ%n@%&&?@e%'%%gh& Vel ght, 39.and
ext ended ener% capaci ty. Conprising opposing ol ¢t rodes of, “foF exanpl e,
an acti vBREEEEEEHoRTs fipEr e aEipier del évery efdigh power, provided by

supercapacitors. Attempts to meet requirements for both high
energy and high power densities in a single application have led
15 in some instances to the utilization of both device types
arranged together in such a manner that the battery is available
to recharge the supercapacitor between periods of high power
demand. The disadvantage of such a practice in the excessive
welght factor alone is clearly apparent. Additional limitations
20 on this expedient are reflected in the time requirement for
battery charging, as weli as in the multiplicity of cells and in
battery life cycle which may often be shortened by the physical

rigors of the intercalation battery charging operation.

25 The system of the present invention represents a
remarkable advancement in means for meeting the requirements of
mobile electrical energy utilization in that it combines the
desirable characteristics of both the battery and the
Supercapacitor in a single integrated device of light weight

30 and extended energy capacity. Comprising opposing electrodes
of, for example, an activated carbon supercapacitor element and

an intercalatable battery composition, particularly a
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The hybrid systems of the pPresent invention can utilize
most of the respective compositions of previous rechargeable
15 intercalation batteries and supercapacitor devices. Such
earlier devices are typically represented, e.g., in U.S.
Patents 5,418,091 and 5,115,378. As in these earlier systems,
intercalating electrodes may comprise metallic sulfides,
oxides, phosphates, and fluorides, open-structured carbonaceous
20 graphites, -hard carbons, and cokes, and alloying elements, such
as aluminum, tin, and silicon. Similarly, surface-active
capacitor materials, typically high surface area closed-
structure activated carbon powders, foams, fibers, and fabrics
may be used in the counter-electrodes. The additional active
25 electfolyte element of the hybrid systems may likewise be
formulated of prior available materials, with particular
utility being enjoyed in the non-aqueous solutions of
intercalatable.alkali and alkaline earth cations, usually

incorporated in significantly fluid form in fibrous or polymer
30



utility being enjoyed in the non-aqueous solutions of intercalatable

al kali and al kaline earth cations, usually incorporated in significantly
fluid formin fibrous or polymer 30 - 3 WD 00/63929 2% %’[@Egﬁ?z%gg
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envi ronne0 046¥%Yuci ve to nobility of both species of ePeDUs®ligse i ons. The
| am nat ed polyneric layer format typified by the secondary batteries
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conpound di spersed in a polynmeric matrix of, for exanple, a copol yner of
pol y(vinylidene fluoride-co-hexafl uoropropylene). To provide | ow

resi stance electrical current conduction between el ectrodes, the battery

| ayer may be thermally |lam nated to a conductive current 25 coll ector

el enent, such as a reticul | TNVERPTON
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A hybrid battery/supercapacitor structure of the present
invention comprises, in essence, negative and positive
electrode members with an interposed insulative ion-

15 transmissive separator member containing a fluid electrolyte.
These functional members are preferably in the form of
individual layers or membranes laminated together to form a
flexible, unitary structure. The negative "battery" electrode
member layer comprises a composition of an intercalatable

20 material, preferably a spinel compound dispersed in a polymeric
matrix of, for example, a copolymer of poly{vinylidene
fluoride-co—hexafluoropropylene). To provide low resistance
electrical current conduction between electrodes, the battery
layer may be thermally laminated to a conductive current

25 collector element, such as a reticulated metal foil. The
positive "supercapacitor" counter-electrode member layer is
similarly fabricated of an activated carbon composition in a

matrix of the copolymer along with a current collector foil.

30 Interposed between the electrode members is the separator

member which may comprise any of the previously employed high-
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e tive electrode surface to effe ‘
charging, “e.q. ofo‘{)%zlen{;ﬁyf‘é‘?ad?féﬁdmﬂﬂ depager of fluidity enables a

relatively unrestricted migration of the larger, previously
inactive and unutilized anion species to adsorption at the
positive electrode where they participate in the capacitive
charging at that system member.

15

Thus the usual cation migration to effect intercalation

within the negative electrode during a charging cycle, which
normally serves as the sole mode of energy storage in prior
battery Structures, is augmented by anion migration from the

20 electrolyte to the positive electrode surface to effect a
capacitive charging, €.g9., of the non-faradic double-layer
type. This combined effect of faradic intercalation battery
charging and non-faradic capacitor charging rapidly builds a
high energy density which may be recovered in an equally rapid

25 manner to yield high power density upon application demand. By
judicial choice of electrode materials, that is, those
respective intercalation and capacitor electrode member
compounds presenting desired electrical charging potential

differences, varied voltage levels may be achieved in the
30 hybrid storage device.
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second material capable of reversibly adsorbing said anion of said ion

species in response to the application of contemporaneous electrical

charge of opposite polarity.

In accordance with a second aspect of the invention, there is
provided a rechargeable hybrid battery/supercapacitor system
comprising a positive electrode member, a negative electrode member,
and a separator member interposed therebetween containing a fluid
electrolyte comprising a cation and an anion of an ion species of a
dissociable salt wherein said negative electrode member comprises a
layer comprising a first material capable of reversibly intercalating
said cation of said ion species in response to the application of an
electrical charge of a first polarity, and said positive electrode
member comprises a layer comprising a second material capable of
reversibly adsorbing said anion of said ion species in response to the

application of a contemporaneous electrical charge of opposite



said cation of said ion species in response to the application of an
electrical charge of a first polarity, and said positive el ectrode nenber
conprises a |ayer conprising a second nateri al capable f&é %;Bé
adsorbing said anion of said ion species in response t& 5%% %% P8t i on of
a cont enporaneous el ectrical charge of opposite -5a 20 OCTOBER 2003
polarity, said separator nenber conprises a mcroporous |ayer having

di spersed therein a non-aqueous solution of said dissociable salt, and
each said nenber is bonded to its contiguous nenbers at their respective
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i nventdQipeMsbl BReA8SChHI REA-Wniddbusebsl €0t 13 5214 N8 ACLIUBRBYE ML dra%ﬂ ng
of which: FIG 1 is a diagrammatic representation in cross- section a

| am nateth Bybai derdisdrt ey bohged capatst sntRidoust nuGberL a@f thehe pr esent
invention; 10 FIG 2 is a graphical representation of the charge/

di scharggwerslvagentthdiaget eoi Bdinc e ohithey rlespieetevetwieatreodes in a
typical lithiumion intercal ation battery of the prior art; 15 FIG 3 is a
graphi cal representation of the charge/ discharge voltage characteristics
of the respective electrodes in a typical double-I|ayer supercapacitor of
the prior art; 20 FIG 4 is a graphical representation of the charge/
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di scharge vol tage characteristics of the respective electrodes in a hybrid
battery/supercapacitor systemof the present invention; 25 FIG 5 is a

graphi cal representation of the individual electrode %ﬁéygﬁsggﬁlte hybri d
systemv IP@ ?3 gevel s in an enbodi ment of the present PG 6 a
gr aphi cal % B&%ntation of the char ge capacity 30 of BTy leant of the
hybri d battery/ supercapacitor system of the present invention over extended

charge/ di scharge cycl espranf prfrr 00/ 63929

PCT/ US0O0/ 10461 FIG 7 is a grap |§%?I@§T6§Eﬁg%w\ﬁe i on vol tage ranges

of a nunber of conpounds useful in the fabrication of negative electrodes
in the hybrid systemof the present invention. DESCRI PTI ON OF THE | NVENTI ON
A |l am nated hybrid battery/supercapacitor structure 10 10 typical of the

present inventToa L‘rrseaymedavelytiotapimuedbe ndsdrimeealelni Fefdfanck agd
i ncl udes p de rre nprising a current collector foil
tfe ?é&&ﬂ&ﬁﬁﬁ.%Fdrg ?ga ﬁhE

11, preferab Form "o sh alum numgrid with an extendi ng
term nal tab 12 which is Ianlnated under heat and pressure to el ectrode
el ement 15 13 £PaP r| sin n_activated carbon |ayer, such as a carbon fiber
fabric or a conpdsiti-on ‘of-PENEERY ¢ FeBSRSERTA oM yierqressraaeEiomat ri x. A

negat i veoél eclamﬂmmmqbr@anbit%,@n@é&&ﬁﬁ&cﬁ%i 1 s2Qckakl. 3?

preferabkﬁ in the formof a 'open nmesh copper grid having a termnal tab
si mi FRPI DX T3 ate§ntdo8h  intercal ation el ectrode el ement 17
conpuui si ng, for exanple, a

FIG. 2 is a graphical representation of the charge/
discharge voltage characteristics of the respective electrodes

in a typical lithium-ion intercalation battery of the prior
art;
15

FIG. 3 is a graphical representation of the charge/
discharge voltage characteristics of the respective electrodes

in a typical double-layer supercapacitor of the prior art;

20 FIG. 4 is a graphical representation of the charge/
discharge voltage characteristics of the respective electrodes

in a hybrid battery/supercapacitor system of the present
invention;

25 FIG. 5 is a graphical representation of the individual
electrode and composite hybrid system voltage levels in an

embodiment of the present invention;

FIG. & a graphical representation of the charge capacity
30 of an embodiment of the hybrid battery/supercapacitor system of

the present invention over extended charge/discharge cycles;
and



polymeric matrix in which is dispersed a finely-divided, e.g., 1in the
sub-m croneter range, intercal ation conpound such as a 25 preferred spinel,
Li 4Ti 5012. The structure of this preferred conpound a I
presents hRH@[£%4ation sites of sufficient dinension gﬁgﬂéﬁaéegggﬁ?cation,
e.g., Li+ § rapi dly accommodat ed and di ffused wi PAT/HSQOHB46Er yst al
structure W thout introducing expansion stresses which could |l ead to | oss
30 of energy strqGage £aRAGHhYLHAR ext e
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active conpositions for the negative electrode of the present system A
separator nmenber conprising a nenbrane 15 of, for exanple, an ultra-high
nol ecul ar wei ght mcro-fibrillar polyolefin, a hyperporous copolyneric

menbrane, or other type DESCREFTION @Gt @R- TRYBLBidNY, | On-transm ssive
medi um capabl e 10 of absorbing electrolyte Solution is interposed between

el ectrode elenents 13, 17 of the conposite el ectrode nenbers. The
separator nenber of the systemis preferably at |least partially of

t hernopl astic gr_thernoadhesi ve conposition in order to facilitate

| ani nation by 8héa‘53pfb€ﬂ'r%datf%¥8ﬁlaf bak @rwﬁes:q@p@ssupe sorsofumn.1a he
surfaeces ithe sepaat ang, fi,rm bon tQ t he
system eltg%)trodes I n ﬁeggtﬁ:agéﬁpﬁ% e, fg '?ltéagl ge oelveP%‘ﬁ%% G%td devi ce
may i ncl §§&818) r ereFEace and includes a p031t1ve electrode member

comprising a current collector foil 11, preferably in the form

of an open mesh aluminum grid with an extending terminal tab 12,
which is laminated under heat and pressure to electrode element
15 13 comprising an activated carbon layer, such as a carbon fiber

fabric or a composition of powdered carbon in a polymeric binder

matrix,

A negative electrode member comprises a current collector
20 foil 19, preferably in the form of a-open mesh copper grid
having a terminal tab 16, similarly laminated to an
intercalation electrode element 17 comprising, for example, a
polymeric matrix in which is dispersed a finely-divided, e.qg.,
in the sub-micrometer range, intercalation compound such as a
25 preferred spinel, LiyTig0;2. The structure of this preferred
compound advantageously presents intercalation sites of
sufficient dimension that a system cation, e.qg., Li*, may be
rapidly accommodated and diffused within the crystal structure
without introducing expansion stresses which could lead to loss
30 of energy storage capacity and useful life after extended

charge/discharge cycling. While the noted spinel is remarkable
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di sper sedlf i ais>ribhiag electrolyte solution is interposed between
electrode elements 13, 17 of the composite electrode members.
The separator member of the System is preferably at least
partially of thermoplastic or thermoadhesive composition in
order to facilitate lamination by the application of heat and
15 preéssure to soften. the surfaces of the separator membrane and
effect its firm bonding to the system electrodes. In a testing

mode, as noted below, the hybrid device may include a reference
electrode 14.

20 Upon completion of the laminated cell structure,
electrolyte solution of the type earlier described may be
applied for a time sufficient to allow its absorption into the
porous structure of separator 15 in order to provide the
essential ion mobility within the system. Preferred

25 electrolytes comprise non-aqueous solutions of dissociable
salts providing intercalatable cation species, such as alkali,
€.g9., Li*, alkaline earth, e.9., Mg™, lanthanide, ALY, or zntt
moieties. These electrolytes likewise provide for operation of

the system such complementary anion species as PFg", BF,”, or
30 Clo,”.



solution in a nechani cal blender, and the conposition is cast and dried to

a flexible nenbrane of about 0.075 nmthickness. The conposition may

conprise. alternative plasticizers, such as 20 di net hyl 1 i et hyl
ABREARER Bpps,

pht hal at i s butoxyethyl phosphate, and other i
adj uncts?\vgﬁ(géﬁtg%s fumed ~alumina or silanized funed si IFF&SOM6Ihe used to

enhance the physical strength of the separator nenbrane and, in sone
conposi tions, A xdpr@seasgrife suhsequent olFevgl ctrolvte 25 solution
absor pt i En. EXAVPLE 2 A positive el ect rode coatIiQJEfEf:]géc'Igcrrﬁ'éjsvle -3R"i 8% %r epar ed
by 30 stUSpBMt Rfridcyliarly fakmicaedaendaespl ¢1600: nhgnachi veé ed car bon
powder iﬂoalém&dgiéygm%ﬁegp g of 88:12 VdF: HFP copol yner - 9 20 OCTOBER
2003 WO 00/ 63929 PCT/ US00/ 10461 ( At ochem Kynar FLEX 2801) and 30 g of
pl asticizer (DBP) in about 160 g of acetone. The mixture is stirred in a
mechgni cal bl ender for about 10 %o ensure honogeneity and is then
cast and allowed to dry in air a nperature for about 1 hour. The 5
resulting tough, flexible supercapacitor electrode nmenbrane 13 is readily
cut to desireg, |l size of oyt 50 nmm x 80 nm  An al um num open
mesh grid about tsgg)gr%gf'} T G,’m_zberadl.e_ %g REcPOEPREed predingi Banaspavkieth f oi |
mar ket edhdy sPelviedr sGoceos AIIIGN,ini $heUFabl Ocd©F R %f?‘f%%ﬁﬁt:g&%%éa Lor el ement
11 (FIG ég about 50 agyx 10 100 mm and placed in face“contact” with

[

menbr ane 13 S0 85 1F3 providfe &FCEPEAdi PGt tadtier—nekailnpatarh 12 of

aboll® 20spemifithtsonsserd|Roe iich1B2sSele bednsenhd 9l h d to about
125C at_a re%sure of apout 45 N per I|inear cnlogsrgéggrﬁg%ﬁﬁ%ct
composltion comprising a solution of 6 g of 88:12 poly(vinyl-

idene fluoride—co—hexafluoropropylene) (VAF:HFP) copolymer of
about 380x103 Mw (available commercially from Atochem North
America as Kynar FLEX 2801) and 10 g of a compatible organic
15 plasticizer, dibutyl phthalate (DBP), in about 40 g of acetone.
An additional 4 g of powdered fumed silica is dispersed into the
solution in a mechanical blender, and the composition is cast
and dried to a flexible membrane of about 0.075 mm thickness.
The composition may comprise alternative plasticizers, such as
20 dimethyl phthalate, diethyl phthalate, or tris butoxyethyl
phosphate, and other inorganic filler adjuncts, such as fumed
alumina or silanized fumed silica, may be used to enhance the
physical strength of the separator membrane and, in some

compositions, to increase the subseqgquent level of electrolyte
25 solution absorption.

EXAMPIE 2

A positive electrode coating composition is prepared by
30 suspending 10 g of a high surface area {1500 m2/g) activated
carbon powder in a solution of 20 g of 88:12 VdAF:HFP copolymer



where the polyneric el ectrode conposition of nenbrane 13 is 15 softened
sufficiently to penetrate the open nesh of the grid collector 11 and

establish a bond which firmy enbeds the collector to [ y
positive el ectrode nenber. EXAMPLE 3 20 A negative int 3&%@@?%‘% 2b‘p‘éctrode
menbrane is simlarly prepared froma casting conposition con‘gqui sing a
suspensi J¥O 846392 5 g of pulverized Li4Ti 5012 and 1.2 &CEFJSW -P

conduct i Vg o SREPRYn RPVERSX 12808) SMAItig &f plaBtdcebet herédFihFfbaapol yner
of 25 Exarrpcfe 1 and 4.3 g of DBP in about 20 g of acetone. A 50 mmx 80 mm
el ect r odb6GrEnbE areetions .s ThekpigBerg 45 Ahi TP dnad dndanicadoblerdsr 19 of

M crogrid expanded,copnered qid cHaylaoh@bgeakt 89ding {LHenakatatunks. In
prepari ng THis €l éctrode nenmber- and the counter-el ectrode of Exanpl e 2
care i s ankered aopdoyi e B atr saepnewirensguaacEor rehdvws RAebpeEt TR anount s

of active capacitar and_i | atl | .al 1.S] fqignal
el ec rod’é%s.u%gl&? goﬂgﬁéng%ag%g]ge:s% e%%éﬁ%ﬁ'?%r%&%? eq:?’ %5n{g§ﬁ?££1&8e 1238 OCTOBER
2003 WO W 3N29 EaH/ 1dS@e/si®éBliesnearegy sioe age abapéch® ymofk BAewkespecti ve

elocty o0es Al SLLECked RRAESLLY, g ) URLLRS d1ie ool Rlsiges of
provi desptdies diidphekpapastf £6i L apadidted byzDelleoWorpotaioih/ Ps asitconpar ed
el cct odEe ATt AnEoFES D EAIIEE TR 5ot e (&l i BF e 0ol at
aboyp 209p@fmt NedRIS el Lherag@sddriteetekech st aeid 1at ed sarten conpound.
1o EXANF%E%éide an extending collector terminal tab 12 of about 20 mm.

This assemblage is passed between rollers heated to about 125°C

at a pressure of about 45 N per linear cm of roller contact

where the polymeric electrode composition of membrane 13 is

15 softened sufficiently to penetrate the open mesh of the grid
collector 11 and establish a bond which firmly embeds the

collector to form a unitary positive electrode member.

EXAMPLE 3
20
A negative intercalation electrode membrane is similarly
prepared from a casting composition comprising a suspension of
10.5 g of pulverized Li,yTig0;; and 1.2 g of Super-P conductive
carbon powder in a solution of 2.8 g of the VAF:HFP copolymer of
25 Example 1 and 4.3 g of DBP in about 20 g of acetone. A 50 mm x
80 mm electrode membrane 17 is likewise laminated to a current
collector 19 of Microgrid expanded copper foil having an
extending terminal tab 16. In preparing this electrode member
and the counter-electreode of Example 2 care is taken to provide
30 a reasonable balance in the respective amounts of active
capacitor and intercalation materials comprising the final

electrodes. Such a balance is based upon the predetermined

- 10 -



To conplete the fabrication of a unitary hybrid battery/ supercapacitor
cell device enbodying the present invention, the respective positive and

negative el ectrodes nenbers prepared in 15 Exanples 2 ranged
wi th an interposed separator nenbrane of Exanple 1, a%@d(?%gaggggﬂggage S

| am nat edwioreokdege previ ous manner using a heated roll erp‘%@%;ﬁ#&ls, such as
a commercial card amnator, at a tenperature of about . I'n order to

avoi d sh&PEreyreup¥asfy Gapacieydedi tee yegnfqtdivet abscRbodes a8l Gfs the
col | ect oIy rRLEPBAL Sy B i11QS ﬂgEng}f%@e‘{@ 'c\éstsQﬁESQn% ”AP'L}@Of grids 11,

19. The final operation i'n t1on process en TR tivation of
t he hybr ingmbskhesgeVives byinadlese oexarfipdectheakytbe2bnsatetiayionn order to

achi eve iqni bVt d rovi de sufficjent reseryoir of ion
speci es tegghgfﬁﬁg%%%éiecsyhg?ge?l8121?%c aercgleﬂgygfagaﬁﬁh&/i‘f’sﬁ' 1 #PHFs respect
it sHoul ASPemhibf @hs thapatbe tpr €5end0 wyei/eMobt thd 229aket i 08l dhaGatingn
species,eﬁ.g & dLi+ s _an gctive changf transfer nmediumduring reversible
30 i nt SFESFEPTON HIPh AEIREGETI TS BFLOFANE hBA e eSSt ar Por
secondar yhhakhess gsgoildingl Sher bisS] WIORKNMLONOSPEE! €S G of the WO
00/ 63929 20.OCTOBER 2003 PCT/ USO0/ 10461 PF6-, which effect charge storage
in doubl BOF&YEYE o TR58c PEEEVat e cfa Ry corPPHRdposi ti ve el ectrode. Thus,
whereas one or the other of the intercalating el ectrodes of prior battery
systens could represent a source of cations, the electrolyte serves as 5
the ¥ imary source of both ion spdefB8LEad he present hybrid system It is
therefore inportant to provide sufficient electrolyte to support full and

r epeat ed charq}ng over extended
o complete the fabrication of a unitary hybrid battery/

supercapacitor cell device -embodying the present invention, the

respectiﬁe positive and negative electrodes members prepared in
15 Examples 2 and 3 are arranged with an interposed separator

membrane of Example 1, and the assemblage is laminated in the

previous manner using a heated roller apparatus, such as a

commercial card laminator, at a temperature of about 135°C. In

order to avoid short-circuiting in the device, terminal tabs
20 12, 16 of the collector elements are formed from laterally

spaced portions of grids 11, 19.

The final operation in the fabrication process entails
activation of the hybrid cell device by addition of electrolyte
25  solution in order to achieve ionic conductivity and to provide a
sufficient reservoir of ion species to maintain the charge/
discharge cycle activity. In this respect it should be noted
that the present system utilizes not only cation species, e.g.,
Li*, as an active charge transfer medium during reversibie
30 intercalation at the negative electrode in the manner of prior

secondary batteries, but also relies upon anion species, e.g.,

- 13 -



cycling. "A useful measure of such electrolyte is an excess of 2 to 5 tines
stoichionetric anmounts. 10 Sufficient such activation of cells having

structures conprising separator menbers of prefornmed & E§ Bblns,
nicrofibn@?baag nbranes, or fibrous mats, such as 0.5 e
borosilicate §| er filter sheet, may be readily 15 achiev y Simple
saturation of the separator with electrolyte solution. Wth cell

struct urkiy” pfwitind prffeentcraxerplesyade/ I8 d6@PIEL S g gh?g;_.églggcm
separat qr rr%rrbe s of plasticized fol ner conposition, the addition of
el ect r ol'ye < pY e brHb POSIELIRpPE SFeEPdar FhyE apbrreas | ore ofr dibe

el ectrolothersetutheni i af1ak 184t £RELL QAU JeherRhaspieizer Jrqmthe
copol ymer _conposition of at helsgruct ure by |Orm§fs! ng %ﬁe ’F%lrﬁynsa ad cel |
struct ur®t§ SFPEPRSNY 3 Foareg| 9éneatins.hghel adectrebytaiatveshas

e : ) : he
Si ficafet byihbid! h o) el . ix materigl. For t
deg(r:Bfi bed VchgzlﬁlfleIJEé cg%lgxlf({/ereregrfs,geghcﬁmg 0 %&e@%t lg‘ggﬁﬁa?r%%e’bﬁ g'tl’iﬁﬂl-d or
di met hy ISYStREr | Thet haivirefooranmpontantheo Ipirkeiddheunf oenar ous structure

the oxt racey on Y Se I vont PRo5t i LR PR FARFPETLa BeR PgLORFY P sdance. of

sites foWwcrénentd oredlulangashire fvet mnhaqh@@mlq}ﬁzi[sglﬁ?ftegxi%fQJthgl ons

cuper canset SPAce bR e B et RTeREWD 00r 63920 PCT/ LBOO! 10461 Not abl y,

thef®e may be enployed in the electrolyte solution such organic solvents as

propyl ene CarEE%?&éﬁent such activation of cells having structures
comprising separator members of preformed hyperporous films,
microfibrillar membranes, or fibrous mats, such as 0.5 mm
Whatman borosilicate fiber filter sheet, may be readily

15 achieved by simple saturation of the separator with electrolyte
solution. With cell structures of the present exemplary type
comprising electrode and separator members of plasticized
polymer composition, the addition of electrolyte is preferably
accomplished through application of an electrolyte solution

20 after extraction of the plasticizer from the copolymer
composition of the structure by immersing the laminated cell
structure 10 of FIG. 1 in a solvent for the plasticizer which
has significantly little affect on the copolymer matrix
material. For the described VdF:HFP copolymers, such a solvent

25 may be diethyl- or dimethyl ether, methanol, hexane, or the
like. The microporous structure formed throughout separator
membrane 15 by moderately slow evaporation of the extraction
solvent provides the iaminated cell 10 with an abundance of
sites for retention of any of the non-aqueous electrolyte

30 solutions commonly employed in prior secondary polymeric

batteries and supercapacitors.

- 12 -



di et hoxyet hane, diethyl  carbonate, di nethoxyethane, sulfolane, and di propyl
carbonate and m xtures thereof. Also, in the 5 fornmul ation of the

activating electrolyte solutions, useful |[|ithium sal téowg E Iéoﬁ 04,
Li N(CF3SCR) 2, LiBF4, Li CF3S0B, and Li SbF6 which may b @ B3

sol ution rati ons of between about 0.5 and 2 M L gul ar
utility gﬁg&@ﬁgﬁ exceptional ethyl ene carbonate/dinethﬂ#éﬁgﬁ@@ﬁgte
conposi tions ﬂi@t%l%j RbG @nehafl KeUeRB1OVéd il Bd desetibegedn U. S

5,192,629. EXAMPLE 5 In preparation for using such an electrolyte,
| ami nat eplutsopoFy@RreXIFTEq SSLVERE Br @S 10F IRY e C8EROTAL% body of di et hyl

et her Wflf{eemoségg%ﬁa 1| dyaginhat carubRkt 8P auindddByathsse, t 581 £BRneGOMONENt

of the el'ectro and separator menbrane conpositions is extracted. After
renoval drdbmipheppkteackinegehand Bahdtures hepaaf -aPleeoniteierature, the
cell_is acti upde o] rejfL {1 Le ppegsion inalM
el ectrol 5§di§%?§Pi§ﬁ %ﬁéﬂéqgﬁggFahg %:1 ﬁfgﬁ%re§§?ﬁetﬁ§Féne car bonat e
(EQ) : di metthilumc aabos at recudeCLi€b0, oot (CEFRSOm nuLa8Fglurhiidf 0k cRng t

i nbi bes the electrolyte . solution i.n I Cr r ] hate structure
o substbiiiEa FiL PR gae o4 RbopPet e T st PRERHE sat QDR O Lot P
Wi pi ng widdwealsapbent 0 Mhtatd @ M.oOfr papvicslay and lditgctrel yhe, the
activated battery/ supercapacitor cell 10 is hernetically sealed, but for
The | oxt AR OB e RAY L1 S FPOREE ST GRRRTINE FHHIDRSE, ROURTEI G ( not
shoyg) teor rrmpr&_araﬂdanmw @ithepiBRyideyvrmpled 30 v.43 5 WB20®263929
EXAMPLE 6 20 OBER 2003

EXAMPLE 5

In preparation for using such an electrolyte, laminated

15 polymeric cell structure 10 is immersed in a body of diethyl
ether where, under mild agitation for about 10 minutes, the DBP
component of the electrode and separator membrane compositions
is extracted. After removal from the extracting bath and air-
drying at room temperature, the cell is activated under a

20 moisture-free atmospheie by immersion in a 1 M electrolyte
solution of LiPFg in a 2:1 mixture of ethylene carbonate
(EC) :dimethyl carbonate (DMC) for about 10.minutes during which
jt imbibes the electrolyte solution into the microporous-
laminate structure to substantially replace the original DBP

25 plasticizer. Following a mild wiping with absorbent material to
remove surface electrolyte, the activated battery/
supercapacitor cell 10 is hermetically sealed, but for the
extending terminal tabs 12, 16, within a polyolefin envelope
{(not shown) to maintain a moisture-free environment.

30
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PCT/ USQ0/ 10461 A sanple of the foregoing hybrid battery/supercapacitor
cell device is nodified during fabrication for testing purposes 5 by

insertion of a silver wire electrode 14 into separator @P

or der to é? ég% a conmon reference datum agai nst 8Rq$ g€§ﬁ6$§3the
vol tage char&®%ristics during charge/ discharge cyclﬂﬁﬂ“BWWWﬂE devi ce.
For conparison purposes, respective prior art Li/C Li-ion intercalation

battery and C/ C 10 doubl e-| ayer sgipgimapgcitor cells are simlarly nodified
in preparation for charge/di scharge cycte testing. Wth a conparative
vol tage of approximately -0.05 V vs. Standard Hydr ogen El ectrode (SHE),

the Ag pseudopelggirode Ehgvfggé 3% vol%ﬁgga éﬁégg%%%gghggalnst whi ch

to plot cell operation 1 fespective

el ect ro§esl @RN#Qﬂgl@haogefgﬂmidﬂrsobafgsrxgaﬂubnaebtvtég%1dg1ﬁu&bgsaﬁnner for
n and intercalation of Li+

exanpl eyt i Y dei nt.er

i ons atbyhgﬁ?%g%éggﬁgggzghpo%¥tWﬁ% éﬂﬁcﬁ a?i§% 13 SauTEBR Ak gr aphi t e

el ect r onesbame ri@ i hardper abdpﬂmﬁﬂib’;lrageoﬁﬁo:ﬁ HRifle@enbat 488 i G8kknst

i ncor por, ﬁ nbranes and Li PF6: EC. DMC el ectrol yte

Hﬁ% mnme@ﬁMFHW’
my be'traced A5 -Shon Ph EFrtiase heractreivbiengiiningelcsarge/ 26 at  t hose
eIectrodescm&mgﬂldymauhg+&f0tﬁééﬂgbréé-Okoy &Qmﬁ&f&é%ﬁiﬂﬂfbbgéé charge battery

vol t age_of about Conversely, as seen in urf ng di scharge
of the BS?E’%‘FV"ceeIH“\REt ATt det 4t dricdioat ilaﬁeaer:alatmrbrb@tfcmm she Gwyative

gr aphi t doebEetla@e shpfekpipicAl At iQN 13t akBes %} ﬁﬂ@ q&lectrode, the
respective el ectrode voltages nove back toward t base un1 30 - 14 WO
00/6392§reparat10n for charge/discharge cycle testing. With a

comparative voltage of approximately -0.05 V vs. Standard

Hydrogen Electrode (SHE), the Ag pseudo electrode provides a

practical near-zero datum against which to plot cell operation
15 as progressive voltage changes at the respective electrodes

during charge and discharge cycle activity.

In this manner, for example, the voltage levels of

deintercalation and intercalation of Li‘* ions at the respective

20 positive and negative LiyMn,0, and graphite electrodes during
charge and discharge of a prior battery cell incorporating
laminated PVAF:HFP membranes and LiPFg:EC:DMC electrolyte may
be traced as shown in FIG. 2 where the voltage levels 24, 26 at
those electrodes reach about +1.0 V and ~3.01 V to yield a full

25 charge battery voltage of about 4.01 V. Conversely, as seen in
FIG. 2, during discharge of the battery cell with
deintercalation of Li'* ions from the negative graphite electrode
to intercalation at the positive spinel electrode, the

respective electrode voltages move back toward the base datum.
30 '
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EXAMPLE 7 20 OCTOBER 2003 PCTIUSOQ 10461 In-simlar manner, the voltage
change characteristics during charge/discharge cycling are plotted for a

prior art 5 lami nated pol ymer matrix double-layer super, 58(?,@@?%%% 2§ﬁgpr| si ng
|

activate el ectrode nenbranes. The structure is
simlar ?‘B’Bﬂf’ Eb 1, utilizing PVdF: HFP copol yner and t NECEYI{ 8] yte of

Exanple 6. As shown in FIG 3, the symetrical, regular change of
respective charging el ectrode 10 gphyipges; 34, 36 fromthe base datum 22 to
+1.25 V and -1.25 V during each cycle 1s typical of capacitive charging
and reflects the simlar conposition of those el ectrodes. EXAMPLE 8 15 The

hybri d batteryhsyﬂﬁimpaz@nﬁa@&-,eeﬁgdwrf%g t e le 6 is cycled
in the Céﬁ\” ous. manner and the el ect Je cqﬁ gec}é 5?%%?@%%? Scs are

pl ot t ed HgarAsFREREe /i ssdagge ceehinmrardhaiotdatiutivd?s psiahewt in FI G 4.
As WasS diamGa¥eE8dAl a y .be seen that the
. b Ami Ok EHED i lrrgos&“lipoehrc@lp@&l BUCHRFIFG8t i ve

respective positive supercapacitor
“bat t ery FHiEpESF a@i@%@d@grpd@mmtamemde Thet atButbetrd igli stinctive

FUI | Cohar e RhoEe ki | AMISREBTEEE. Wi Baingoelh S cmodumoe char ge
cycl i ng @3pfothe eslewtnddliyiet hé Ekamp:]te ctm m@ ehotsheihybre d seldpeas a neans
the

wher ei n ~.the Li+ ions of the electrolyte intercalate into
the Li 4Tlﬁd%§g s%ﬁfeﬁgeg’%l?ﬁec%%@%? %%S@@%a@ tBapv g Rlecteclegh  ener gy
derdd) tyvehaagesm,of:asa firatt ehy bded idthe EE&&L@CMOM&F@ -30,kops adsorb
at the Qﬁﬂﬁé t| vated carbon el ectrode to yiel

cyc e 1s typical of capacitive charglng and

reflects the similar composition of those electrodes.

EXAMPLE 8
15
The hybrid battery/supercapacitor embodiment test cell of
Example 6 is cycled in the previous manner and the electrode
voltage characteristics are plotted against the Ag pseudo
standard base datum 42, as shown in FIG. 4, As was discovered
20 from such an evaluation, it may be seen that the respective
positive Supercapacitor composition electrode and negative
battery intercalation composition electrode retain their
distinctive charge/discharge voltage characteristics 44, 46
between base datum and full_chérge levels of +1.25 V and -1.5 V.
25 These representative charge cycling profiles confirm the
functioning of the hybrid cell as a means wherein, upon
charging, the Li* ions of the electrolyte intercalate into the
LisTig0;1, spinel of the negative electrode to provide the high
energy density charge 46 of a battery while the PF{” electrolyte
30 ions adsorb at the positive activated carbon electrode to yleld

the high power density supercapacitor charge 44. As shown in

- 15 =



t he high power density supercapacitor charge 44. As shown in - 15 WO
00/ 63929 20 OCTOBER 2003 PCT/ US00/ 10461 FIG 5, the conbined functions of

t he el ectrodes which provide individual charging vol tégﬁ@gég%@bhggs

al ong traces 54i 56 vyield a cunulative |inear charge
provi di ngVOR¥$8%%ner gy and power density between about RCHUSIOAMEI2. 75 V 5

Wth respect to datum 52. The extraordinarily stable capacity of the hybrid

bat t er yFsepey Caprcicbabhi als ef e rat i onal cling at a _constant
1.12 mA nay be seen at %t r aceurgegglgdtj)%t %afgggreoﬁé??@r‘?%s- HriEhGPrevide; s
advant abStE Widr sbREgLRY | tolEdectcsutneageons aliohg Mi:akest 8bi | by of

super cappLid o gy nd, in the present_ enbodiment, is enhanced by the

remar kabl e propertgggiv‘?hgin{&}ﬁﬁh?ﬁ%f §8$F\%‘Feo’fa’%9r?e e gaovidingect rode

whi ch elb®t énerignt endabawe ordetistitgubekwpah t dv@udeqradi Rgqphysicql expansi on
pnel structure. Other intercalation materials which

15 gtre‘;;,ﬁqf i
may be enp ortfggte\llam%t ?18 g/%ﬁ"ﬂ &‘degrees of success in the hybrid cells of the

present invention include sulfides, such as Ti S2, FeS2, and ZrS2; 20
oxi des, suchT%s M2, LiM234l MO8, W8, Ti2, Co3™4, Fe2B, and Cr 308;
phosphat es, suchSASTEPEEPEF dwd SERkhPORaPaTitar icfeshesbyhrids FeF2 and FeF3;:

car bondseies ywaupekahsaciiih 23% 8" 8RPELSe &%&% ;and.hard, carbon; and
al | oyi ng mrsglrt alts aﬁj conmpounds, such as Acfl, n, té%%?laﬁ@fcﬁ"_]gﬁtcﬁder to
obt ai n SRR cant? 28} gkt kS REeUoRE aeacarie o fnithatt beopeesgnin hybri d
Syst emFId. 6S THISTRVaeSabo5E! 8l rd s cakation co nds and materials
havi ng .i.ntercal ati ng vol tgge f anges c%r?i%é%%égtlé%%lesq i“PrcdRteyRlly

high stability of supercapacitor devices and, in the present

embodiment, is enhanced by the remarkable property of the

LisTiz01, spinel of the negative electrode which enables

intercalation without imparting degrading physical expansion

15 stresses to the spinel structure.

Other intercalation materials which may be employed with
varying degrees of success in the hybrid cells of the present
invention include sulfides, such as TiS,, FeS,, and ZrS,;

20 oxides, such as MnO,, LiMn,0,, MoO3, WO3, TiO,, Co304, Fe,03, and
Cr304; phosphates, such as LiFePO, and LiMnPO,; fluorides, such
as FeF, and FeF3; carbonaceous materials, such as graphite,
coke, and hard carbon; and alloying metals and compounds, such
as Al, Sn, SnO,, and Si. In order to obtain significant

25 operating voltage ranges with the present hybrid system, it is
preferred to select intercalation compounds and materials
having intercalating voltage ranges which extend significantly
below the capacitive charging ranges of selected supercapacitor
electrode materials, €.9., activated carbon. The intercalating

30 voltage ranges of a number of useful negative electrode
substances as compared to the SHE datum are shown in FIG. 7. It

has also been found satisfactory to employ the simpler
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bel ow t he capacitive chargi ng ranges of selected supercapacitor electrode
materials, e.g., activated carbon. The intercalating 30 voltage ranges of a

nunber of useful negative el ectrode substances as CO”E@;OS(& ?§O€HE
datumare_shown in FIG 7. It has also been found sati npl oy
the sinpl ¥PO63% W 00/ 63929 20 OCTOBER 2003 PCT/ USOOPQUHUSI8Kpedi ent of
mechani cal Swagel ock test block cells in the evaluation of electrode and

el ectrokypedieierd At RaH; syt ratiop., Test data are seen to be
conparabl e.to those obt ai ned %\nmt%eql%%é{ %gg PRy %eglvlé dpedPrani nat ed cells

descri b8¥21¥RA%tiRN of edeefvbdy avdimileesrol yté smenpeiciied dnbatyQtbgr variants

in the ghetetid£ 9 i.catjon qf the hybrid battery/supercapacitor
syst ens 1E>di scl osedelgﬁ %%24 F%r%esg%??lg'odégc??r%?qwlwﬁ Ep Heets obsaihed10

ski | | ed"h¥hR i e momeodghly heeexiermeids @ anf net i N M ARIdsldBeqaiy isHch

var gant g, a4 &4 intended to be included within the scope of the
pr esent ?nv%‘onltq%gﬁg{ggbgég'out in the appended clains. 15 20 25 30 - 17 20

OCTOBER 2003 Wat is clainmed is: '1. A rechargeable electrical energy
storage systgm ?_scgggcragzgéggcﬁart]: %Otgggfgg;}:.%/ar?tspoisr; ttlh\tlae sie:[fﬁcc:{:{lggeanr;enber e
fabrication of the hybrid battery/supercapacitor systems
disclosed in the foregoing description will occur to the
10 skilled artisan through the exercise of ordinary aptitude, and
such variants are nonetheless intended to be included within

the scope of the present invention as set out in the appended
claims.
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negati ve el ectrode nmenber, and a separator nenber interposed therebetween
containing a fluid electrolyte conprising a cation and an anion.of an ion
species of a dissociable salt wherein 10 a) said negative $e t rode nenber
conprises-a first nmaterial capable of reversibly inte?géng ﬁéRégp%
cation, of said ion species in response to the application of an

el ectrical charge of  a first polarity, and b) said positive el ectrode
menber conprises a. second 15 naterial capable of reversibly adsorbing
said anion of said ion species in response to the application of a

cont enpor aneWlgtefisceladmpdcigrge of opposite polarity. 2. A storage system
according to claim1l wherein said 20 cation is selected fromthe group
consisting of alkalies, alkaline earths, |anthanides, A, and Zn. .3. A
storage system according to claim1l wherein said anion is selected from
the group consisting of PF6, Cl04, 25 BF4, CF3SO3, and SbF6. 4. A storage
~system according to claim1 wherein said first material is selected from

t he group con§istgngeeﬁarééﬁﬁg%Lé?gcgggegloéhgggy_EFF%éggssyggg&Fhates, and .

30 fluorides, and alkali an ali'ne earth net ng “netals and
conpounds’ -CAEPrIELETTOBERPRODGUitE. aApeshtige elettrpdecmetnbey,ta claiml

open” st oot e b TRAGSL ot PR, "t 8 bR pelBehL. " ¢
interposed therebetween containing a fluid electrolyte
comprising a cation and an anion .of an jon species of a

_‘dissociable salt wherein ,

10 a) said negative electrode member compriseéla first
material capable of reversibly intercalating said cation
of said ion species in response to the application of an
electrical charge of a first polafity, and -

b) said positive electrode member comprises a;seﬁgnd

15 matérigl capable of reversibly adsorbing said anioﬁ of

said ion species in response to the apbliﬁéﬁioh'of’a

contemporaneous electrical:chargé of opposite poigfity;

2. A storage system according to claim 1_wherein:éaid
20 cagion is selected from the group consisting of‘alkalies,

alkaline earths, lanthanides, Al, and %n.

3. A storage system according to claim 1 wherein said
anion is selected from the group consisting of PFs, Cl0q,
25 BFs, CF3580;, and SbFg.

4. A stdrage system according to claim 1 wherein said

- first mate;ial is selected from the group consisting of
transition metal oxides, sulfides, phosphates, and

30 fluorides, and alkali and alkaline earth metal-alloying

metals and compoundé.
..18._



6. A storage systemaccording to claim1 wherein said second material is
sel ected fromthe group consisting of pseudocapacitor and doubl e-|ayer
capacitor electrode materials. 10 7. A storage system ' claim4
wherein said first material is a transition netal oxi&@qégfﬂgﬁﬂz%@ﬁﬁOUnd." o
15 8. A stor ge‘éysten1according to claim7 wherein said first material is
Li 4Ti 5012. 9°° A BRI BHEHAH @M dHRG oo lcdiadns nwbeaieins siedd second
mat eri al | SESed€Ghck m st r | St 0 _high surface area
activated. carbon pom%zl{e% Jf%gsnﬁm | ecf%gﬁcﬁh%g@&%@%wg?g%lﬁi&pgl@% A storage
syst em acc RRFIMS tIctuted casthmeicenn drapidtiesg! Hagdc @@RboseS @nd 5 to
2.0 M sol utd f at least 15 one said disssociable salt in an organic

sol vent selected..fromthe group consisting of ethylene carbonate, dinethyl
car bonatse, propylene carbonate, diethoxyethane, diethyl carbonate,

di met hoxyet hane,_ sul f ol ane, and di propyl carbonate and m xtures thereof.
10 A stor age syt FhOIaEs dviRFeny agdconditg woeecdains i whereineastidone

di ssoci abl gesirda inS egt f ou consi sting of, Li,PF6, Li Cl04,
Li N( CF3S02), Li BF4, iﬁilé%élsggl sregn@ﬁ%f‘ds%é’"lo SBecSTeERRCYBFdsting RE
r echar geablRsendndapasitticer whnsl denddpadisiver ShpheitosOalkicthbgicd POSitive
el ectrode 3 negati ve el ectrode nmenber, and a separator menber

I d Slia1d " ' I d nmbe d mb

i nt er posed
10

:7. A storage system according to claim 4 wherein said
first material is a transition metal oxide spinel
compound.

15 8. A storage system accordipg to claim 7 wherein said
f;‘.rst material is Li Tig04,. |

..9. A storage system according to claim'G whérein-said
second material is’selectea frdm the group consisting of

20 high surface area activated .carbon powder, foam, Fiber,
and fabric materials.

i0. & stprage sysﬁem according to claim 1 wherein said
electrolyte comprises a 0.5 to 2.0 M solution of at-least
15 one said dissoéiable.salt in an organic solvent selected
from the group consisting of ethylene carbonate, dimethyl
carbonate, propylene carbonate, diethoxyethane, diethyi
carbonate, dimethoxyethane, sulfolane, and dipropyl |
carbonate and mixtures thereof. |

1. A storage system according to claim 10 wherein said
‘at least one dissociable salt is selected from the group

consisting of LiPFg, LiCl0,, LiN (CF1S50;), LIBF.-.. LiCF180;,
and LiSbF;.
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5 therebetween containing a fluid electrolyte conprising a cation and an
anion of an ion speciés of a dissociable salt wherein a) said negative

el ectrode nenber conprises a layer conprising a first | bl e of
reversibly 10 intercalating. said cation of said ion s6§§&§@5§%R§®§§onse

to the applicati on ekchargkablel Bghrifabaetetyashpestaphel 86kt ¥ysaed b)
sai d positive el ectrode menber conprises a |ayer conprising a second

material capSPPRTaEipgyvar BPELYivs gdseErpdg Berbenni annegative i on speci es
in response EQecEQBdfa @k%%?t'gﬂdpg @ﬁéﬁgﬁﬁgyoﬁgﬁﬁgySlﬁLSE%&égﬁl charge of

opposite polarity, séparat or rrses a Foporous | ayer
havi ng di $petbettebréwern aonnaiaqngoasfsuhdtemacﬁfo$ytd cafipgissngi abl e
salt, and d) ch salafnenber onded to its,contiguous. nepbers at

t hei r respecF?géOPnFE QEeaP6°FoP anuﬁPPaF93F5ﬁ§n8Fea @%Fﬁ@?ﬁ?@leZS 13. A

hybrid syst ega@ec@hdi-8gnt 0 cl aim 12 wherein each of said positive
el ectrode nenber and said negative electrode nenber is bonded to a
respective e?bctrﬁéadlQEQEEhﬁac@ieétEQﬂEememberIggmpr1SESnen1aY¢mENDED

SHEET 20 20, 5§5§¥E§?§0%3f}§ ngglsxg Sﬂ13C8?r9 gFé§%$Ia|n112_mherein

a) each of sail ayers conprises ¥c matrix
havi ng dubpelsbdrchkaELngthaldrespbohlUE saﬂdlﬂbﬂrsﬁéeié@giﬁnﬂesponse
I on- adsorblng n@ﬂgréppllcatlon of an electrical charge of a first
polarity, and
b) said positive electrode member comprises a layer
comprising a secona material capable of reversibly
15 adsorbing said anion of said ion species in response to
the application of a contemporaneous electrical charge of
opposite'polarity,
c) said separator member comprises a microporous layer
having dispersed’ thereln a non-agueous solutlon of said
20 dissociable salt, and
d) each said member is bonded to its contiguous members
at their respective interface to fbfm a unitary laminate

structure.

25 13. A hybrid system according to claim 12 wherein each
of said positive electrode member and said negative
electrode member is bonded to a respective electrically-

conductive current collector element.

AMENDED SHEET



5 b) said separator nenber |ayer conprises a polyneric nenbrane having
di spersed therein a nultiplicity of pores or voids, and c) said nenbers

are bonded by thernmal adhesion at there polyneric surf A
hybrid system according to claim 12 wherein said firs@aggig?%g3£§93

selected fromthe group consisting of .transition netal oxides, sulfides,
phosphates, amnd fhugg , kal i _agnd-al kal Lne earth netal - aIonlng 15
netal s and conpoungg’&b%g'a Rgggg%l8c§9§%éﬁgaEEOFhFh5 td whersin2 wherein
said first nmaterBdl | eashl eft edifir emebheclEOM S

oG Hembe 1&%&%9 8&’&?“%%% 17. A

open- structugeg garbonaceous graphites, hard carbons
hybrid systefh BeCSPEFnG PBtELE BpVinghdieparsedi thesetnnthent erial is

sel ected fropesbecgiedpisans sgudoca aci,t or, and "doubl e-| ayer
capacitor_ el ectrode 25 #ater#gggeg%gtﬁngh %r?g eag?%5b559|W%F%El%%rbon

powder and fiberR) 185aﬁdh§epada5ystﬁemhéﬁ01§ygg &@mﬁfggggxg wherein said
0. hﬂsg |ution of at least 30 one said
3

el ectrol yte
di ssoci abl e % %ﬁfgﬁﬁgﬁagﬁ?% oYiRgdigpersed thexsimie group consisting

of ethylenelmalbnmhieltﬁl@ftﬁw&escafbggﬁaﬁ ?pylene car bonat e,
di et hoxyet hane, t hyl carbonate di et hoxyet hane, sul fol ane, and

e
di propyl car bona‘f‘)e a1 nemkers m@d@onmwwm%ﬂ% 19. A
hybrid syst ethe€s G5sh Vit Cé@ff‘&é@s wherein said
10

15, & hybrld system accordlng to clalm 12 wherein said
first material is selected from the group consisting of
.transition metal oxldes, sulfides, phosphates, and

: fluorldes, and alkali and alkaline earth metal-alloying
7 I3 metals and compounds.

16. A hybrid system dccording to claim- iz wherein said
first material is selected from the group con51st1ng of

open-structured carbonaceous .graphites, hard carbons, and
20  cokes.

17. A hybrid system according to claim 12 wherein .said
Second material is selected from the group consisting of
pseudocapgcitor and double-layer capacitor electrode

25 materials and high surface area activated carbon powder
and fibers.

18. A hybrid system according to claim 12 wherein said
electrolyte comprisgs a 0.5 to 2.0 M solution of at least
30 one said dissociable salt in .an organic solvent selected
* from the group consisting of ethylene carbonate, dimethyl
carbonate, propylene carbonate, diethoxyethane, diethyl
carbonate, dimethoxyethane, sulfolane, and dipropyl .

carbonate.and mixtures thereof.

AMENDED SHEET



at | east one dissociable salt is selected fromthe group consisting of
Li PF6, Li ClO4, Li N(CF3sSQ?), LiBF4, LiCF3SG3, 5 and LiSbF(;. 20. A hybrid

system according to claim 12 wherein a) said negative .gl er
| ayer conprises Li4Ti5012, .10 b) said positive eIectF@d@EtéﬁggfﬁﬁgBer
conprises a high surface area activated carbon, and c) said electrolyte

conprises a 1 Msolution of LiPF6 in a 2:1 mxture of ethylene
car bonat e: di #@t hyl® bxbyidatsystam\eSIdoEBing to claim 12 wherein said

at least one dissociable salt is selected from the group
consisting of LiPF;, LiCl0q4, LiN (CF380;), LiBFy, LiCF380,,
5 and LiSbFs. ‘

20. A hybrid system according to claim 12lwherein
a) said negative electrode member layer comprises
‘LigTig04s,

10 b) said positive electrode member layer comprises a
high surface area activated carbon, and
c) said electrolyte comprises a 1 M solution of LiPFg in

a 2:1 mixture of ethylene cafbonate:dimethyl carbonate.
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