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(57) Abstract

A rechargeable hybrid battery/supercapacitor electrical storage system capable of providing high energy and high power densities
comprises an intercalation electrode (17) and a capacitor electrode (13) combined with a separator (15) and electrically—conductive current
collector elements (11, 19) to form a unitary cell stracture (10). An electrolyte solution of a dissociable salt absorbed into the porous
structure of the separator (15) provides complementary ion species which respectively reversibly intercalate into the one electrode (17) and
capacitively adsorb at the surface of the other electrode (13) upon the application of charging current. 'The high density stored electrical
encrgy may be recovered at high power over extended periods upon demand of a utilizing device and may be rapidly restored o stable
capacity through numerous charging cycles.




conprises an intercalation electrode (17) and a capacitor electrode (13)
conbined with a separator (15) and electrically-conductive current
collector elenments (11, 19) to forma unitary cell structure (10). An

el ectrolyte solution of a dissociable salt absorbed inbg ddroBERD¥YH3
structure } 3 separator (15) provides conplenmentary ion %@e0|es whi ch
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may be recovered at high power over extended periods upon demand of a
utilizing device and may be rapidly restored to stable capacity through
nuner ous charging cycles. 20 OCTOBER 2003 WD 00/ 63929 PCT/ US00/ 10461
RECHARGEABLE HYBRI D BATTERY/ SUPERCAPACI TOR SYSTEM 5 BACKGROUND OF THE

| NVENTL ON The present invention relates to electrlcal energy storage
systen® whi ch may be recharB¥eKGREY L : 0 1.0 provide reliable
power sources for a w de range of electrlcal utlllzatlon devi ces. 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{H0R.AAuRE deRsldioidiboRg EPEALLNE Bhi abypl cal of 15
supercapacitors. In"the present invention, such a system conprises a
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shaped as deS|red to ti th uti atl n devlces whi | e
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per sonal ns devices to electric vehicles, are

prollferafFHg nnugggg%ga%ﬁ?*Eﬁ gng dong 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
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The denands of these applications range widely, for exanple, in 3
or power level, but all are preferably served by |ight- weight storage

devi ces which can rapidly provide consistently 1 20 %

00/ 63929 PCT/ USQQ 10461 hi gh energy density over Ionﬁm ggélﬁﬁa can be
qui ckly Wedheseed to operational energy levels. To datpcribfasss ext ensive
nobi | e energy needs are being net, in a fashion, by one or the other of

' ' [ batteries
the two avail abl e types of storage devices, 5 viz., rechargegble _ ,
such as ?Fﬂhiﬁﬂ?F%% T FaPYEF ohong yistarsrags sngecsapaei quwicklof eit her

faradic H b ldp8-atQbnAPNaf | GeAqubl el ayer r action type. The
choi ce bg?ﬁkgﬁg?ﬁzgi‘%ﬁﬁier$ or su%% capé%?tor.olg Syst ¥s nor mal | y

di ct at ed SFFeRAEVATRR gk sSiergyoheede anﬂnﬁaﬁmgtmem}sidempﬂmbﬁﬂnh,hﬁghhenergy
density, oRvabkable Jer@m BAUAL LGS, S90: 100, ANe fapid delivery, of, i gh pover,
provi ded by supercapacitors. Attenpts to reetTedii | “hig
ener ¢y andzhi grePrmnaeaddrshbetesrias,asachghe lapMieatbani heve-ded 115 in sone
I nst anceg Lehbe i%# ation of both devi%g %yggs, arranged together in
such a napner thé#gt éﬁbaFPng PES i SR fRoAFRE T YRIAIRPasiséreapaci t or
bet ween per nousfafadighiopplerlagenarshctiba diypadvant age of such a practice
in the excessive weight factor alone is clearly apparent. Additional
limtations 20 on this expedient are reflected in the time requirenent for

har giTige difoiwel bedfiebn M WaltitRiclChlYsRbefEldsa0¢ in battery
T e el vbl o ﬁ bz shorteneg by ?he pﬁyé?c:%El fﬁgors of the

A TP BT batd SR P R ot v 54 Borwneressimat e pr esent
i nvent i oBppRPELSIIN’'S demand for high energy density, available from
batteries, or for the rapid delivery of high 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



remar kabl e advancenent in neans for meeting the requirenments of nobile
electrical energy utilization in that it conbines the desirable

characteristics of both the battery and the supercapagbtdg(ggglgﬁg)@bggl e
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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



as alumnum tin, and silicon. Simlarly, surface-active capacitor
materials, typically high surface area closed- structure activated carbon
powders, foans, fibers, and fabrics may be used in the r odes.
The additjonal active 25 electrolyte elenent of the hf§?ﬂ§+§é§§éﬁ@g
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conpri sesyvantieasence, negative and positive electrode nenbers with an

i nterposed insulative ion 15 transm ssive separator nenber containing a
fluid electrolyte. These functional nenbers are preferably in the form of

I ndi vi dual |ayers or nenbranes |am nated together to forma flexible,
unitary structure. The negative "battery" electrode nenber |ayer conprises
a conposition of an intercAUMEARH OF THE INVENTION

10

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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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.



Thus the usual cation mgration to effect intercalation wthin the
negative el ectrode during a charging cycle, which nornmally serves as the

sol e node of energy storage in prior battery structurgag?%ﬁqgggg%ﬁged by

-anion mgration fromthe 20 electrolyte to the positiv rface
to effect a capacitive charging, e.g., of the non-faradic double-I|ayer
type. This conbined effect of faradic intercalation battery charging and
non-faradi c capacitor charging rapidly builds a high energy density which
may be recovered in an equally rapid 25 manner to yield high power density
upon appli&ation qfnand..gﬁ jgﬁicial choice of electrode materials, that
is, those ~TedpeRtTVES HLEP ¢l Et5%0n 28RA°T apfa ot M BRIt Yo d ERRESDET

conpo : ent i ired.electrical chargjn otential differengces,
o el B B e e A e R 500 A o roue a0 o 5 20
CCTOBERn 20031 1 226698 HARE & 10 o8e Thditle ASROAL O ; JN Q1 LOVENd QRmplhere is
provi ded a rechargeabl e el ectrical energy stor%ge system conprising in

conti guity SerROSitbiVRebCtinedepfBadeine r@nBePaEH: V& B8R AodE dTRRRer, and a
separator nenber interposed therebetween containing a flurd electrolyte

conpr e$kngral wWat iconpahsh N aarhenonfamn dnoanspecéeamfion sghEisechabke salt
wherein said negative electrode nenber conprises a first material capable
of redépspplablientseltabiatiaig said tedamiveoklsattdodd ormbpect@gprinesesponse to
the application of an electrical charge of a first polarity, and said
posi t FvEsklwtiardde mepdere dnpevsesikly dacendahaition shidapatbion of said
reversi bly adsorhing said anion of said ion sgecies in response to the
appl i ¢ DI cohtt ERAPIHITedds TR eBRRHCATI0BNAE (¥ Grle6hpbstt ehgsparety. In
accorgagfﬁgguﬁgla%i%gfqggi%%B.C%og{tiégaél%% Qgéé”heﬁgg%rgoﬁgrises a
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



provi ded a rechargeabl e hybrid battery/supercapacitor system conprising a
positive el ectrode nenber, a negative el ectrode nenber, and a separator
menber interposed therebetween containing a fluid elegtr ising a
cation and an anion of an ion species of a dissociabléb§§#%5€ﬁéggﬁa sai d
negative el ectrode nmenber conprises a |ayer conprising a first materi al
capabl e 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 nenber conprises a |ayer conprising a second
mat o1 | 31 £:aRYD! Eaf SdBYEESE kRIS BERL AL IALINADL AN, Qs Fhdet AL SRGCT €S 11
response to the application of a contenporaneous ectri cal charge “of
0pposidispedded Ot LEAGRBER 2003 pRlAN E¥1usad c3eRal @t @ JRARLE COMY | S6% a

m croporous | ayer having dispersed therein a non-aqueous solution of said
di ssocdzal] @asal hemissd i seBehdeRith TREDESnt SydeRRdREnbErd (a3 ¢8Rt guous nenbers
at their respective interface to forma unitary |lamnate structure. WO

00/ 639 BRIt EFe DESCRIATECK CForiHE DRAV NG 120i0STeBHER 1RAM3e . PCTI USOCQ' 10461
The present invention will be described with reference to 5 the
acconpanying drawing of which: FIG 1 is a diagrammtic representation in
cross-section of a lamnated hybrid battery/supercapacitor cell structure
of the present invention; 10 FIG 2 is a graphical representation of the
charge/ discharge voltage characteristics of the respective electrodes in
a typical lithiumion intercalation battery of the prior

-5bh-



art; 15 FIG 3 is a graphical representation of the charge/ discharge
vol tage characteristics of the respective electrodes in a typical
doubl e-| ayer supercapacitor of the prior art; 20 FIG épgsgﬁpgggggb%aL
repr esent bi ? the charge/ discharge voltage chara ECTASRANRL the
respectiv‘g 3%’3 rodes in a hybrid battery/supercapacitor ng::sp of the.
present invention; 25 FIG 5 is a graphical representation of the

i ndi vidual el ectrode agarepnposid YR bE syt {age levels in an
enbodi nent of the preseﬁf'%lgﬁﬁ off 248 5 tal representation of
t he charge capacity 30 of an e][rboﬂi ment oftt_he hy?i”og ver extended
super capaci tor system of the present inven
Eﬁ; Sreﬂji sghargg cycl es;y and 6 20 OCTOBER 2003 WD 00/63929 PCT/ US00/ 14461
FIG 7 is a grabhirreseatt ioventiar malll‘?t berue:/@ﬁja@eil wa??ﬁﬁeefs&:erf%teﬂgaﬁ%r?;
S j ne fabrication of negative elec _
E%T glr:qngf% ht hgégéné%%hr#m%n\ﬁ%wgﬂ.o%égﬁﬁhPTl ON OF THE | NVENTI ON A | ani nat ed
hybrid battery/supercapacitor structure 10 10 typical of the present
invention is ggper | 1.y de%i,ct_ed not to scale {_'_n FIG 1 and includes a
positive el ecttode 5?7@1'?0& *BBRPPT Ty TEPEGPPBRRCERN | BriiospoiskeCtion
pr ef er abby ianlaﬂ‘nmafmdnhy@frianb@tp@wﬁsﬁe%aﬁhBHE%Qrééhlwstt*}u%@u%t pdi ng
termnal ;tab_ 12, .which is | am nated under heat and pressure to e ectrpde
el enent Eéel%r%%%triléﬁvﬁ&téﬁnécti vated carbon | ayer, such as a carbon fiber
i0

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



fabric or a conmposition of powdered carbon in a polyneric-binder matrix. A
negative el ectrode nenber conprises a current collector 20 foil 19,
preferably in the formof a open nesh copper grid havi inal.tab 16,
sinilarlyrjqﬁjﬂ) ed to an intercalation el ectrode eleﬁgﬁﬁrﬁgégg P?sing,
for exanp & g g%olyneric matrix in which is dispersed BCTURW1464i vi ded,
e.g., 1in the sub-mcroneter range, intercalation conpound such as a 25
preferred spinelrg,Ly4id 3 t i referred conpound
advant ageousl y presentsﬁfﬁﬁgggg?aéé%ﬁgéﬁigggéféggiﬁ#ﬁQﬂﬁﬁ%FaG?nEﬁ% oh that a
syst em cat ghnugbgr, of j sompampdse usedpldiy tloe ofemdatedoandsdhédarsad Wit hin
the cryst t Uk i t .4 ntroduci expansi on stresses which could
lead to I§§§§?£%H% %ﬁe?%% tgﬁggg&ggﬁgc?fngﬁuPﬁﬁﬁﬁqm IPveBtafRer ext ended
char ge/ di scharge cycling. While the noted spinel is remarkable - 7 WD

00/ 63929 5 20 OCTOBER 2003 PCT/USOQ 10461 in this respect, numerous other
intercalation materials, such as those nentioned in the noted publications
and hereafter in this sppEs¢RTEIION orargEeRivERTYoipat i sfactory for use in
active conpositions for the negative electrode of the present system A
separator nenber conprising a nenbrane 15 of, for exanple, an ultra-high
nol ecul ar weight mcro-fibrillar polyolefin, a hyperporous copol yneric
menbr ane, or o%hgr txge of inert electron-insulating, ion-transm ssive
medi um capabl e*108BH&IRDH PR dePotteBY (aWrerslapriconor sst metrposad bet ween

el ecto odeygliea®nss did phéshtt Eﬁv&ﬂ@P&?ifs‘a FInREh10CalEIPELS  (not to

scale) in FIG. 1 and includes a positive 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.g.,
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



‘The separator nenber of the systemis preferably at Ieastf palr_titglt Ly of
t hernopl asti c or thernoadhesive conposition in order to faci

| am nati on by the application of heat and 15 pressure %@6@ﬁh@ﬁgﬂéﬁthe

he separator nenbrane and effect its fir _
2“2I2ﬁ$2r§§9@ﬁﬁa§.p|n a testing node, as noted beIOML'Pﬁyvﬁ@bﬁmd|dﬁ¥kgfed
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10 of absorbing 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,”.



conposition conprising a solution of 6 g of 88:12 pol y(vinyl- idene
fl uori de-co- hexaf | uor opr opyl ene) (VdF: HFP) copol yner of about 380x103 MW

(avai l able commercially from Atochem North Anerica as Em g é@ 01) and
10 g of Sg%%i bl e organic 15 pl asticizer, dibutyl pﬁ @ Ilfg , in
about 40%5 etone- An additional 4 g of powdered f AFHIEMBH, | s

di spersed into the solution in a nmechanical blender, and the conposition

is cast and dximsprierthtewd bihIBHRaNe £0f 075 _mm thi ckness. The
conposi t conpri se-alternative plasti cpggﬁ%s%utcﬁ%é’?nﬁboaiw hyl

on_na
pht hal at é? ‘B?%‘% RAT PFRar by efakricaties pndogypidyéd azhasphat €n ame ot her
i nor gani goiid,d,ﬁ{g @Jaﬁgqggz such as funed alum na or silanized funed
silica, my be used to enhance the physical strength of the separator
menbrane and, in some conpositions, to increase the subsequent |evel of

el ectrolyte 25 solution absorptiggé#gﬁﬁgELE 2 A positive el ectrode coating
conposition is prepared by 30 su 10 g of a high surface area (1500

n2/ g) activated carbon powder in a solution of 20 g of 88:12 VdF: HFP

copolynmer 9 2 2003 .\AD 00 93929 PCT/ UB00/ 10461 ( Atochem Kynar FLEX
2801) and 30 g‘%g%ﬁ%’h’i‘%@rﬁ’ﬁé i BbBRATed 6 Fhef mapeednehicthe ni xture

is stirrkes iveryedeshanésefulllyenderhel @ababoati P JB MULES LTS W€
honogenei&{ %R%ek% then cast and allowed to dry in air al roomtenperature
for about® KGTFI e BUTRAn FesGribaghin f thaesind isupaptapapatant el ect r ode

menbp anesp-i fiizakeafls| YI€ WarltQ eS| eghg%émkgﬁi [ out_ 50 mm x 80
mm  An al um nkﬁm open nesh grid about 50 }Lmt ’JFcE,sZgag?%% TroGrid

preci si o EXFANdEl FOMPrifkiiceredobytbenker Cur pdr &6i:08, poby Crinyl-

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



to forma current collector elenent 11 (FIG 1) of about 50 nmx 10 100 mm
and placed in face contact with nenbrane 13 so as to provide an extending

collector termnal tab 12 of about 20 mm This assenbl |

between rollers heated to about 125C at a pressure of 2§%§th8§§§§%§gr
linear cmof roller contact where the polyneric el ectrode con‘gﬁgsi tion of
nmenbr ane W8WE25 sof t ened suffi ci ently to penetrate tﬁ@%ﬁ%’“ sh of the

grid colA&chh &inapdmst 28bh$had bong whiclski Erkyr epimds ihhgbowo! | ect or
to forma unitary positive el ectrode nenber. EXAMPLE 3 20 A negative

i nt er cal 560 enoé| aettate FBRDREMEINS 1§ AFLEFIY inph airaheanicadnb heRAR: i ng
conposi tjon rigi ensl ofdneigyO l v @hi-zeds bt 45 HPOL2 and
1.2 g offﬁjpa?r%gg EL:gn‘ﬁ%rclzltﬁfe\glsuestl%cg?Qi gﬁegﬁ)%er iér:%gg %%CF)ulﬁtéi/%r?egf ga2. 8 of the
VdF: HFP stpmtedren dEy 250 Bdanpitereomntenpsdaguge HBP ahrwbduborn-

acetone. A 50 .nm 8 { Tyl Susld ] ] ed to a
curr&nt r%%ﬁ%&gO?oEggbf %3?15819{ %gl%ée%gﬁégg@%%pe&gﬁ:t 8??%%@?#\%%2@
ext endi ngs tyaiingl ctabcd Gleslimepr epstr igeg 1t hi ge alfe@broted trember 80 amek t he

counter-el ectraode of Exanpl.e 2 .carg i ken.to provide 30 I ohabl e
bal ance $h qwlﬁ‘é‘?p%?PJ@@%ﬁt%sag?ugc%(?%n t%%tf)g’ci?'cgr' 'ar?dM?‘r:\ %?%% ation
mat er i al §y&QTBNdrSiekpahhedf fonl meliecietobdesDe Buah Gorpakrantenj sidasad upon

the predetermned - 10 20 OBER 2003 3929 PCT/ US0Q/,10461 energy
st or age BApEREM ¢ GRTEFRE ECEPY S e, g\gegpéqé'd%sc’feﬁ%% 2’8 PFritarily by

adj ygt i ngod e Gast piBcelnes scade tdimtam@nii enafembdids, 13nsbhesetexanpl es
where the intercalation electrode provides the hi %her specifjic capacity,
vi z., abppevide an extending collecter 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 -



57150 mAh/ g as conpared to the 30 mAh/g of the capacitive charging
el ectrode, that negative el ectrode nenbrane may be cast at a thickness

provi ding the spinel at about 20% of the mass of the St I rode
activated carbon conpound. 10 EXAMPLE 4 To conplete thg%ﬁgéiéggﬁﬁgﬁgof a

uni tary hylorobgsebat t ery/ supercapacitor cell device e”bﬂgﬁbﬁﬁn&ﬁﬁ pr esent
I nvention, the respective positive and negative el ectrodes nenbers

pr epar ed SPRXIISSEREMGA FPRCARY Sf aklee aFesnRfdd vai eheahrodeerpused separ at or
menbr ane (gl EXadPb Pirdar Yl HhNEa3aS L) AR Ik ARhEBkEL.L L4 i, Previous
manner using a heated rol’l er apparatus, such as a” “conmercial card

| ami nat omemgranes enPersat vine thesabexamiBHCwhere thdeinter@yiaitdon

short-cirguit] [ evkice, . m nal tabs 20 12, 16 of the collector
el enent s egrgg%?)‘??m%rﬂl?rﬁ%l \aqm %r%f‘%@ér s%%eccel 150FPPBRE ¥ HHads 2PPUT10. The
final5 opdSat ndh/§ rest lsempabed oat itbr PO owfes'y ebtetid Tapaekvaéi @nefinghe

hybrid cell device addi tion of.electrolyte 25 solution in order to
achi eve F%ﬁ?grOd %ﬁ%%ﬂqsfaﬁﬁaet%l?ﬁEﬁﬁiﬁadém%§ﬁF?i%?%H?er%ﬁﬁﬁ”@Gi? of ion

condu
speci es thigRhesaiprdhielickhatpe/ spihel iy gdotyChbesagt i Mid Ynadsh ehkfel €Spect
it should be noted that, the present systemutilizes not only cation

speci es, P8S§tive |§ ?CﬁﬁfdﬁnaﬁEgY%ﬁe%rﬁﬁ % CERBPBRAnedi um during reversible
30 intercalation at the negative el ectrode in the manner of prior

secqondary batteries, but also relies upon anion species, e.g., -- 11 WO
00/ 63929° 20 OCTOBER 2003 PCT/USCG@ﬂﬂﬂﬁéLéF6-1 whi ch effect charge storage
i n doubl e-1ayer supercapacitor reactivity at the positive electrode. Thus,

whereas one or_the
To 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 -



other of ‘the intercal ating el ectrodes of prior battery systems could
represent a source of cations, the electrolyte serves as 5 the primary

: . : , . fore
source of both ion species in the present hybrid syst 0y o t e

i mpor t antywha, vide sufficient electrolyte to supporﬁtipé1 0 ?l%lbﬁéea_t ed
chargi ng over "eXtended cycling. A useful neasure of such olyte is an
excess of 2 to 5 tines stoichionetric anmounts. 10 Sufficient such

| vat iRify pfwiciedH efliavt leUst bIf 1 GOAPGEH B 0k aLRLoL,IBLhEl,s of
ngte:‘ \(;?rrlaRdmhopwer.gor ous_fi Irt?rlsa&tgem cr o}ﬂifebrli | I ar nenbrya%ralrgs, aor ?ﬁg%r ous mats,
such as r(?_ag%%l WAt et RSSISAVRCcatecTs- Thiuser wbRtees oy de theadi |y 15

hi evedthersbliptRe Sattdaid10R 10l E18c SERAIALY Hphth BLEEL IO W& o S0! Uti On.
\?\;’:t Ihecel ImtrugPurZs of the pr}egent cé_xerrpl ary pre conpr |g| r‘?’gS eefnes_ct rode
and sep&r"é’a r TRBABRPRE ;F souasei ef zeat igyol.yvbe edrposoiyom, sdhesaddi tion of

I I | f a | .nr.ough plicatio f .an
cl ot r ol e maras B P PeRT ot Mt it e e RO E RS SR e
copol yn&YSteBmpbEi +% dhasfefome smpoctante Hoy prowedsi sgrfheidmi nat ed cel |

ruct ur, ' splyent f or_the plasticizer which has
if gni fi éﬁ%ﬁ;g}iyﬁ Ic%e0 %#?gg?t oﬁlhtﬁeatngoﬁgf’?/%?cpng’tarrlg)imﬁa?g?faef"?telftﬂe‘jt he
descri b&¥Vdrg HHEP winfolly measurs ucth sachobVettro B dmay e gissdylse or
di met hyl. .ekher . gggygﬁibmhgéane or_éhe l'i ke. The m croporous structure
formed throughout separarsr *rentPAMESI5 by noderatel y sl ow evaporation of
thellextraction solvent provides the lamnated cell 10 with an abundance of

sites for retgntion of any. of the non-a ueous el ectrol yte 30 sol utions
comonl y enpl %;é%l?%en& i %hSQEBhﬁ%ﬁJ;Prb(S’I FEHLE hpwin@ritenchvdes

super capamprbsing -séblrator 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 -



20 OCTOBER 2003 WO 00163929 PCTI USO0/ 10461 Notably, there may be enpl oyed
in the electrolyte solution such organic solvents as propyl ene carbonat e,

di et hoxyet hane, diethyl carbonate, dinmethoxyethane, sul ane
di propyl carbonate and m xtures thereof. Also, in the gt’%‘r 1558%@ﬂ30f t he

activati rolyte solutions, useful Ilithiumsaltsg, ] Li d (4,
Li N( CF3S @%’éﬁgBM, Li CF3SO3, and Li SbF6 whi ch may b?@ﬂ%h@@% in
sol ution concgptssiyOngndie magt BEeBmpDOYd Oirb thied edebt rElypar ti cul ar
utility are the exceptional ethyl ene carbonate/dinethyl carbonate

conposi t93nEien BRCH| PrEATHS SRLXEDF 852 R RIPRY ISRF F8LEPPREY in U S.

5,192, 629 o] N fUtERAT 8hirBBnk 0L, USiMa 4G tRANE! €6k Al MR,

| am nat e Etféég§#5%§$ﬁgdcell structﬂre 10 is innersednin'a body of di et hyl
et her whare dipmdpyl ntdxbenfittaengnmi BEUESD UEheRB AR -nBLES, iRet!PBP conponent
of the electr nd.sgpar r EP&E;P&%'“ Lol yed. After
renngalzé?3Wﬁg%gogx Fé@%?ng qg?gga dag??-- ry|ﬁgﬁg?lfgghsﬁﬁﬁggrature, t he
cell is niathivat edl usdierclaade0Ladle) urleN (CFgSas s phiéFe, DyidHlssian® in a 1 M

| ectrol yt tion of LiPFE6 jn.a, 21 nixt f.eth bonat
(EQ): i ek By Bt Hepep PP ahuto et SeBee b AL X T | i bes

t he el eddtalaghe apolitt 0 oh dmt @ MheOlfi paopbewlesr utiddityateesthecture to

substantially replace the original P.25 plasticizer. Follow,n mld
o b Ny \EIPERCBRb RTINS (G bPRAt PRt RN (SRR DREE: PATDTE i
act j yat egk GatHrer ¥Ad HUPAHEEPAEEhOLIBE) |debrisebeniebi sals yi weaod, but for

the extending termnal tabs 12, 16, wthin a polyolefin envel ope (not
shown) to nmaintain a noisture-free environnent. '

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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30 - 13 WO 00/63929 EXAMPLE 6 20 OCTOBER 2003 PCT/ US00/ 10461 ‘A sanpl e of
the foregoing hybrid battery/supercapacitor cell device is nodified during

fabrication for testing purposes 5 by insertion of a sil i ectrode
14 into glgmﬁg({%;#r menbrane 15 in order to provide a co?\boq&f%%%égqgé dat um
agai nst P¥%%Po measure the voltage characteristics d§HUSEV9L ge/

di scharge cycling of the device. For conparison purposes, respective prior
art Li/C Li-ion intercalation batggweang C C 10 doubl e-1 ayer
supercapacitor cells are simlarl’'y nodifTed in preparation for

charge/ di scharge cycle testing. Wth a conparative vol tage of

approxi mat el ya -, AVAVSS t ' Qgen ectrode (SHE), .the Ag pseudo
el ectrode groviﬂé@gﬁf oprgggiggfg#éiﬁi?ﬁyhgggaF%%¥%. I HREAHIPEREB  pl ot cel |
oper at | 6f115desiqe dgr Bedi Fied/clurdgg thlanges iah Ebe tespayd ipwepekest rodes
durishg gha [ ar cycle activity. In this manner, for exanple,

t he “vol tgg{;lg %%dosr{j(g’?cgdglgg %]gc"gflra iec}r?cgﬁéd?n?‘%r%‘h‘i‘%ﬁ%rﬁtoﬁ + ions at the
respect meBL2&@dSi Lhverdmd tnegadv i i xbarsd Fd rahaphid 8uelhgat podes during
char ge i scharge of prior battery cell incorporatin I"am nat ed
PVdF:HFgHg%ﬁﬁggﬁ%?%gﬁﬁ EEE'V?é%?gf racéer+dtige ngb@gﬁraeéd as shown
in Fl G d2soherge tdyeluabt ageth@uRivicd, 36 abmpdOss, %Ju‘i»?%@ges reach about
+1.0 V and ield a full 25 charge battery voltage’ of about 4.01

V. COnvé?%%‘?%io‘%?s\l%tégﬁyPﬁt FHE -ignr ipgearatiturye bot temy Badt@fy cel |
wi il debut Bs-clalyir @Qpetchpaci s S hbe DARALIME GLARBLLS gl ectrode
preparation 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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[ [ It [ he respective
to intercalation at the positive spinel electrode, t
el ectrode voltages nove back toward the base datum 3D -- 14 WD 00/63929

EXAMPLE 7 20 OCTOBER 2003 PCTI USOQ 10461 In Sinilar-”%ﬂQﬁéT %gggégg;g?ea
change chg 3 Bﬁﬁsj stics during charge/discharge cyclin E(g Ao, ra
prior art Q Pan1nated pol ymer matrix double-layer super 'Bﬂ conpri sing
activated carbon el ectrode nenbranes. The structure is substantially

i m i1 zi | ectrol yte of
lar to FIG 1, utilizing PVdFekidpcoppl ymer and the e (
E;ghple 6. As shown in FIG 3, the symmeirical, regular change of
respective charging electrode 10 voltages 34, 36 fromthe base datum 22 to

i Wi ' | ' | T, har gi ng
d -In26 f gachnhgy$ typical pf..capaci tive c
;ﬁd%r\e/f agct si?helﬂs(?lrné'jlluamra@glgnposlijt [ o(!r)lf% gse’t k%{s&g%%l gc%F% e%’flsé)%ﬁﬁPLE 8 15 The
hybri d @P@Ey?gﬁﬁ%?@rﬁfé’iatréﬁ Exnbbiigreans dsittedl Fonfa fxipsmleetb i s cycl ed

. e e
Pl ot e agar e P B 0 O RRe3 OB cc A P FI G 4.
| ott ed agains e Ag . . ,
: Rsovvas d‘icgééf‘?'é?‘édc@@cﬂ‘r Grrestchdarmentat amgtsi.oMhei st FAYt B S@en that the

i 14 Ve Lg¢apaciior conpasi.tion el ectrode and negative
ot Lory i eraet o AaREarD) BhC el Tot iodd " BBar Rt HEf CaHedoPRS: i v
char ge/ @ndchie geleatinalgdechar Brampistd chsAdhodf iRetreen bage datum and

-1.5 V. 25 These representative charge
fUll_Ch§§ﬂﬁ?£f¥§gfi(ﬁégt&aESEHQEQQ og'§%Spect§ve chargiég electrode
cycling profiles confirmth
10 voltages 34, 36 from the base datum 22 to +1.25 V and -1.25 v
during each cycle is typical of capacitive charging 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 yield

the high power density supercapacitor charge 44. As shown in

- 15 =



functioning of the hybrid cell as a nmeans wherein, upon charging, the Li"'
ilons of the electrolyte intercalate into the Li4Ti501l2 spinel of the

negative electrode to provide the high energy density I}gté f_a
battery while the PF6- electrolyte 30 ions adsorb at tﬁ@ g&?éé@%gétivat ed
carbon el ¥@MH® to yield the high power density super BE&HHSW0U8461 char ge 44.
As shown in - 15 WD 00/63929 20 OCTOBER 2003 PCT/US00/ 10461 FIG 5, the

conmbi nedzd Uret itQRs c%?nb&ﬁ@def&%{ﬂﬂ]%;ﬁyﬂ%ég gg/ig%/%ggdec%n i vi dual charging

vol t age, accunul ati ons al ong traces 140 pEovidear charge
vol t agettdhgeiwd ghavpiinagvoriage ereugy lanfdopeveTomie tsialk sbelywegp about 1.5

V and 2478/ 2 My ect to datum 52. The extraordinarily stable
capaci t‘{/l of the hygﬁliﬁgbg% Gy ANFEPCXBALRED rE a9 P e prondednaper at i onal

cycl i ngiigh #negonseadt pdwd? dehsiny betheen abolt ace §29f bhat property in

-105FI G5 46, ' dyan €o characteristic reflects the generally high
stabili tly 0 %E%g?cg%aé vices and, in the present enbodinent, is

enhanced by the remarkabl e property of the Li4Ti5012 spinel of the
negative el eghr odetwhi ch, enables intercalation w thout inparting degrading
physi cal expansi oh I8°E{iAdddy s6abhe spparlitwtafucher bybEitier intercal ation
mat er i e twitiygbupBycits @Y 0MeE W ERceN@Lyi rees of success in the
hybrid cells gf N d@{esent nvent;on ?gf‘lcl eggtglogf%egycib’&% 3 ori 2,

FeS2, and=’f&%: 12 d¥Y beyereasainhbrace i h2®4 thibBrod@sty Tid21 Co304,

Fe?03, wmml G0 I06:s RhOSARALESus WRIL AR L ERFO and L MiPO%, T1uor] des, such
as FeF%l.and FeF3; carbonaceous materl Al é},sgé'% © e‘istr‘aﬁ Fraenerally
igh stablilty of supercapacitor devices and, in the present
embodiment, is enhanced by the remarkable property of the
Li,TigO;, 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

- 16 -



coke, and hard carbon; and alloying netals and conpounds, such as A, Sn,
Sn02, and Si. In order to obtain significant 25 operating voltage ranges

with the present hybrid system it is preferred to se%g té%\ﬁi%ﬁb tion
conmpounds_and materials having intercal ati ng vol t age (rag% [ xt end
si gni fi caffQI%63%%| ow t he capacitive charging ranges of BEI/ES04eH6!
supercapacitor electrode materials, e.g., activated carbon. The

i nt er cakapedPerd) o288 ARDES, u of useful negative el ectrode
subst ances. as_conpared to the Slﬁed%tc&mqggé %i‘l%% ‘?‘?L:Lllfsl G% Fheit  has al so

been fofihdléakixut &t ghpctvodepiny dlvetsbiptermatdibia120 sQGT GBER.2003 VWO

00/ 63928pFLd4 1455004 1Q46 ient qf chani cal _Swagel ock téest block cells
in the ovaluati onég? Je?tggét%%gdsee%%gzoe BctIHIRD Ipaterthese abgaipedem

oper at | Bhth Tt mgaea faldy seeve Iapdae lanipatadl @110 103680kl peg, Wi th the
nmor § fuf{gye‘{a\{.%l QR&d: hgm’ nated cells described in the 5 foregoing
exanples. It 1 expe@ 8d"that other variants in the structure and
fabrication of the hybrid battery/supercapacitor systens disclosed in the
f or egoi ng deslq:rii%tion Wi Iltﬁ_écur to the 10 skilled artisan through the
exerci se of ordinaryPaptee et kdersveniantis dm shar etmonebhel @85 i nt ended
t o be ifabunidediont BEnthé hq,b%%@pgagge}pyas%éarsc%ryaéi@é%ntsg,ggegss set out in the

appendegd. _ ¢l ai ms. 15 20_25
PP é&séiosegsln 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.

15

20

25

30
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17 20 OCTOBER 2003 What is claimed is: "1. A rechargeable electrical energy
storage system5 conprising in contiguity a positive electrode nenber, a
negative el ectrode nmenber, and a separator nenber int rpo_§ﬂ$therebetmeen
containing a fluid electrolyte conprising a cation an§oéﬁ§ R 28P3an ion
species of a dissociable salt wherein 10 a) said negative el ectrode nenber
conprises-a first material capable of reversibly intercalating said
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 conerbég 4s-céaamead i8:material capable of reversibly adsorbing
said anion of said ion species in response to the application of a

cont enpor aneous el ectrical charge 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 7n. .3. A
~storage system according to claim1l wherein said anion is selected from

the group consi stAngeehaPEEanfl Yl ec2ds BEY, eQERGEBatopRleStpELef: A Storage.

system according to claim1l rein sal I rst eriralf is”se ted from
t he group coReFRY¥ifHnGfint comtigubhynat pbshkiveseleattpdesmepbesphat es; and

0ot g L b O Ak, B EABALL el * 1
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._



5. A storage systemaccording to claim1 wherein said first material is
sel ected fromthe group consisting of open-structured carbonaceous

graphites, hard carbons, and cokes.. 5 .. 6. A storagios%égégﬁgcz@%dl ng to

claiml1l wherein said 'second material is selected from
of pseudoc: améor and doubl e-1 ayer capacitor electrode materials.
‘1. A stor vt VAR COrh Y aceondinante wiedsi 4 srbmea'e:.m Estidmt er| aI

i s atran5|f1mrfﬁ@é t.orage system-
according to claim?7 ]i;\%e(lr giﬁsn%a:%t‘?fcf%%rﬁ & i %ou% c@; 556%? oés
storage sys¥ReRRuoretiuned cantlwimadeorie giaptdaies, me:eln@arﬁy@[g,alan@

sel ected :‘m&mé%m group consisting of 20 ‘high surface area acti vated.
car bon powder oam fiber, and fabric materials. 10. A storage system

accordidg to cI aim 1 wherel n said electrolyte conprises a 0.5to 2.0 M
solution of at |east t5 one said dissociable.salt in an organic sol vent
sel ected -fr tﬁ'lé;"gj?‘?ﬂﬁ? EaRdien |wqxfdlelgn)tloewéa¢mr Rowhieeeid msatildy|

3?&2?23&;&?5’;““6 e 38 R e o R bbb AL RE A0 Oner eof
10 U. A st @rsgyslogattaerhtaec amd mm@my@rlaawa@ggbﬂ- é@b@trogte | east one

di ssoci abl &, sel ected fromthe group consi sting of LiPF6, LiClO4,
Li N(CF3s02)" i%‘éﬂ‘% Li CF3SCBi | |

: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 systetﬁ according to c',l.aim' 6 whé;:e:i.—n -said
second material ig select_ed'. frdm the group consisting of

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

i0. & stprage s‘ystiem 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 d:.propyl
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;.

19
AMENDEN Qe
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and Li SbE6. 20 OCTOBER 2003 12. A rechargeable hybrid
battery/ supercapacitor system conprising a positive el ectrode nenber,

negative el ectrode nenber, and a separator nenber |nter83ﬁ§g g %Q@ gbetmeen
containing a fluid electrolyte conprising a cation and AP P3an ion

speci es of aidissacirabhargeableWhgheia Bht&ar?/aagakcaﬁaeieskrQﬁstaﬁnber
conprises a |ayer conprising a first material capable of reversibly 10
‘|ntercalat|n&omgﬁﬂélﬁgt?OBOEFtéHPdeiéﬁt§B€@|@?mbﬁrreépﬁﬁgétlvg t he

L O BheBErBUEChENbRL BRI BLpBrbb2! el LhYerOdeR) o2

positive el ectrode ne I'ses a econd materi a

capabl e of reherebbtweéﬁ adBUabnmggsalﬂluadlemectreaydeloampﬁEQiﬂg &n

response to Fe appli,cation,of a_contenporanequs el ectrical charge of
srPigh By

opposi te pol dsgPyaBERRr 9 oRlnd eFPESﬁﬁﬁlQgsaath€?€b6Péﬁs | ayer

havi ng' di spegsed’ {fhexeila a non-aqueous solution of said 20 dissociable
salt, and d) each said nenber is bonded to its contiguous menbers at their
respectlve i &l er f GB&4t Begathve ehpchrgdeamembes compuisesea 28yeé8. A hybrid

R e
el ectricHt | yintendatatiegcsai@ncatbbheofosattieiont sperPeENEDrStffbaise
to the application of an electrical charge of a first
polarity, énd
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.

Awmnn¥§JSHéér



20 20 OCTOBER 2003 14. A hybrid system according to claim 12 wherein a)
each of said el ectrode nenber |ayers conprises- a polyneric matrix having

di spersed therein the respective ion--intercalating agg f?@%§€§g%ﬁéng
material, 5 b) said separator nenber |ayer conprises a 6% ' nbr ane
havi ng di spersed therein a multiplicity of pores or voids, and c) said

menbers are pondeg B r hesion_at there polyneric surfaces. 10 15.
A hybrid systen1acco¥g%ﬁg gggg B RCTITRRBRER Qiﬁam freheraiBrial is

sel ected from t heagr oupachnsifssai@ eflecti-baBRSikinBA X] . SULfides,
phosphat es, ggg EIUorLdes, and al kal i aqd-alkaIinerggé?hrﬁe%gﬁggfggﬁing 15
metal s and cBnpoUNUST I teMakr hFphryingsdémpareeddthgreincthem-12 wher ei n

said first paspetaiviesisalentad e_group consi sting of ]
' open- st ruct ur ed carbonageous“grg%gggéég ﬁg?dlgﬁFﬁaﬁ ?ééﬂg maberidkes. 17.
A hybrid'%ysten1é@bordﬁﬁgdtaepaaahoﬁZmaMBeeinaﬁgfdcoﬁﬁfpggsqgteriaI S

sel ected fr i nsistjng. of. pseudocapacitor and double-|ayer
capaci t or eﬁ%%t?%%gigggﬁégﬁ??ﬁléa g hiypPersed ceherein aat i vat ed' car bon
powder and MibeislidBty fohyboiés SYStEHIESCoLing to claim 12 wherein said

el ectrol yte conpniﬁes a 0.5to 2.0 Msolution of at |east 30 one said
di ssoci abl e salt $h. anrf¥tddnembens vare bebded doy themd headHaribre s Sti ng

of ethyl ene mﬁéﬂ@fﬁéﬁmﬁi@tﬁﬂfaees.
10

15, & hyb;id system according to claim 12 wherein said
first material is selected from the group consisting of
.transition metal oxides, sulfides, phosphates, and

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

16. A hybrid system dccording to claim 12 wherein said
first material is selected from the group consisting 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.
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carbonat e, propyl ene carbonate, diethoxyethane, diethyl carbonate,
di net hoxyet hane, sul fol ane, and di propyl carbonate and m xtures thereof.

AVENDED SHEET 20 OCTOBER 2003 19. A hybrid system accorgl l.aimn 12
wherein said at |east one dissociable salt is selecte @QT,#EEE%P?U
consi sting of LiPF6, LiCl104, LiN(CF3SQ2) , LiBF4, L1CF3SG3, 5 and Li SbF6.
20. A hybrid system according to claim 12 wherein a) said negative

el ectrode metder %Mm@wmm aluc@“ﬁd'i@b&to Habh 321 ghResk gg ectrode
ace ar ea activated carbon, ﬁ) sai d

menber |ayer go isges sSu
el ectrol yte ccq):rrpri%as?es eldﬂil %&cdﬁ%&ﬁ’ &l P sedectgdy from kher grofip
ethyl ene car conatierdnge oy Li®#t Ponse o, A i @H5ED,) , LiBF,, LiCF3S0;,

5 and LiSbFG .

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.

AMENDED SHEET



