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{57) Abstract: The present invention is directed to a novel capacitor. The capacitor may be used in electric double layer capacitors.
The capacitors include a polarizable electrode including activated carbon and a non-polarizable electrode including lead dioxide
and lead sulfate. The capacitors of the present invention provide considerably higher electric capacity, higher durability, and low
resistance, while maintaining high conductivity. Additionally, the electrodes may be produced more quickly and inexpensively.
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el ectric capacity, higher durability, and |l ow resistance, while

mai nt ai ni ng hi.gh conductivity. Additionally, the el ectrodes may be produced
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Noverber 2005 WO 02/091412 . PCT/ CA02/ 00675 1 ELECTRI C DOUBLE LAYER

CAPACI TOR TECHNI CAL FI ELD OF THE I NVENTION This invention relates to

el ectrical engineering and to capacitor engineering in particular, and can
be used for manufacturing of high capacitance capacitors utilizing the
energy of the electric double layer (EDL). EDL capacitors have found their
use as backup power sources in systens requiring uninterrupted electric .
power supply, such as conmputers, communi cation devi ces,




digital programmabl e | athes, continuous production cycles; for electric
starting of internal conbustion engi nes, powering the engines_ of

wheel chairs, golf carts, etc. DESCRI PTION OF THE BRNOYSIRT 2905 Sever al

el ectric power storage devices exist in the formof electric double |ayer
(EDL) capw@prondaz for exanple, as described in U S. Par@ntANR067S 4, 313, 084
and U.S. Patent No. 4,562,511. Such capacitors include two porous

pol ari zabl e el ectrodes with a porous separator nade of a dielectric
material between themand current collectors. Aliquid electrolyte, which
can be either non-aqueous or aqueous, including an aqueous sulfuric acid
solution, is retained 1in the pores bf the el ectrodes and the separator and
in the free volune inside the capacitor case. The electric charge is
accunul ated in the pores on the interface between the el ectrode nmateri al
and the electrol yte. €#§§I ials are normally used for
nanufacturlng of polarlgg Eﬁkﬁ¢ SS&EQ$MPA|nC$ease t he capacitance of
the '"electric double Ia capacitor, these carbon naterials are subjected
to prior adECVRECAR HBE 'H%EHBHEET@ﬁNlncreaS|ng their specific surface
area uplto 300- BOOQ“hﬁngezﬁmnEE]ate@aﬂaae&tﬂéai dﬂ Beritig CahdNio 0028 écn%r?lpam t ance

A e d%ﬁﬁ eugoﬁt; Egm REL taai ci 7 UP to tens

or hundred However, a,

ram o ve
di sadvant aég}%&f‘m‘f H’g @ngwé%lc P&y s°© aypT eC| e energy, not
exceedi ng SaPARItqrs hae; fg Wﬁ?@& P@“@bé@r{fﬁsdﬂ eystamgyrequringlioubl e- | ayer

capaci t or s unigtegeptedeletirio powaguadusuclebeeiniputeys, esmmuhiestion dbeicaspxi mum vol t age

val ues ar Sdi naltﬂ}@graﬁﬂﬁﬁeqithé’s E&tﬁu@us\ﬁorodllf@?éﬁ\éﬁéles %&%cﬁw&ﬁ e m t f
Xﬁ%yaqﬁé“ou'f%ﬂe POl BSRR TP M P S ¥
have been &€ni eved by doubl e-l ayer capacitors using SUBSTI TUTE SHEET (RULE
26) 4 Novenber 2005 WO 02/ 091412 PCT/ CA02/ 00675 aqueous el ectrolytes with
nmaxi mum voDESGRINEOMEOR THEHRIOR ARTel y 0.9 V. Wen such doubl e-1ayer
capacitgrs remain 3&!3?51 € ﬁfcgﬁvJeP to?agIBrd%h%gsgg(?YI?f{hegg%giquéeém”e (which is

of ten qU| t oxi dati on of
the positi g‘épbgeag‘%?‘}'n Eé?ﬁ&ﬂ?%&efst g‘%e%"a degerivgg, i, Uek tHatest Ngubl e | ayer

capaci t or RaV3.B% &1l y.SeReepdiamdi o2l é. Such capac1tors inclnde two porous

polarizable electrodes with a porous separator.made of a dielectric material
between them and current collectors. A liquid electrolyte, which can be either
non-aqueous or aqueous, including an aqueous sulfuric acid solution, is retained
m the pores of the electrodes and the separator and in the free volume inside the
capacitor case. The electric charge is accumulated in the pores on the interface -
between the electrode material and the electrolyte. Various porous carbon
materials are normally used for manufacturing of polarizable electrodes. To
increase the capacitance of the electric double layer capacitor, these carbon
materials are subjected to prior activation for the purpose of increasing their
specific surface area up to 300-3000 m%/g.

3. EDL capacitors have much higher capacitance than conventional
electrostatic and electrolytic capacitors ~ up to tens or hundreds of farads per
gram of active electrode material. However, a disadvantage of these capacitors
is their rather low specific energy, not exceeding 3 Wh/l. This maximum value
of specific energy for double-layer capacitors is set with non-aqueous
electrolytes, where the maximum voltage values are in the range of 3 to 3.5 V.
However, such capacitors permit very low discharge and charge currents due to
the very low conductivity of non-aqueouns electrolytes. Still lower specific
energies, 0.5 to 2 Wh/l, have been achieved by double-layer capacitors using

SUBSTITUTE SHEET {RULE 26}
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el ectrode made of a carbon material, is described in Patent of Japan,

Accept ed Application No. 2-11008. The other electrode is a_non-polarizable
(i.e., storage) one, made of lithiumor l|ithium a|4|189V€n’1ﬂ}?§28q?%ct rolyte

bei ng non- aqueous. Such a capacitor has higher specific energy conpared to
the conwedelemtik doubl e- |1 ayer capacitor with two pol aPCEN2806EF ect r odes.
However, a drawback of this prototype is the very |ow practical charge and
di scharge current (0.1 to | mAlcnR) and, therefore, very | ow power density
as a result of using a non-aqueous electrolyte. Another essential

di sadvant agg eq%ﬁ o fECOR IR LIS IR Rroskhgb oy t e one i n

questi on, 5. An EDL

capaci t or ?%S‘Ghl 9" yﬁb?a&’l"‘?‘f’é%?eé“aéﬁ/]é%dceFf)‘@ég H%Pfﬂlo%ed P"?rb’tdous car bon
mat eri al iof tues Cvhited diterParitentongioatorliegsildgher Thes &P Ramotiedablet r ode, nade of
ni ckel oxXidt@latibs oMo pistihar dadodnletectrdde takusedids. sol ution of al kaline netal

b hyd I h I
carbonat e or hydro gfeﬁarsuéﬁqeq &£l & :Scﬁt&l}‘n %Hﬁr a? &q@bkor excel s

con5|derabl t he u Ci | ectrodes in
bot h specﬁl crods mp @xﬂ é QIFW 4 V). 6.

However, shrilicationaPaci £di0¢ks Hl%@ﬂiﬁére%m)@h@ra dgnipalgsiza e) (1ﬂ|=nsuff|0| ently
hi gh spemsi‘.omgeerm:egynadamf Rhivkhk gin ltbmin aliaye tha)etebmolyteebeiﬁg hat-ge anmounts of

ni ckel oXifdfeoué. BuGMa @EPNRAOBhS HighRPi Pbcifd eé Rpared @f iRCt achi eved,
¢l osest toon%ﬁ? Eal%&?o% 1&9@%{38@%996} »fm} %b]a%@ﬁﬁ%el Qfs f”ﬁo Wepg | ead

conpounds a |ve arlza frode whi ch
are di scl ds&@vwpgek ?fcﬂ‘l R T / pherge; ang ﬁ‘ %P&el cular, |ead

di oxi de i sueremdOilrio ltméfcmﬁbsend)ﬁhdi‘éfﬁtelelo)E@S@exaiedSIty&ach wailfefte in the case
of PCTI RU%Ingoélnan aquibes @R¢ireBtedi sghehed ets@ntBCTdJBWaﬁ{t@@35§ alls consi dered
as a protg egl.f)le tlﬁﬁum' @é@‘?&%& ﬂl@{ulaﬁx%%é‘ ondi in ﬁ’h{:éﬁb 3&9%{11?%@""{)“‘( of the

EDL capaci tor ene on 't overcharge, e.g.
of oxygen %’ﬁlablllfﬁ’ p@%quf SCtFode and/ or .hydrogen on the negative
el ectrdde. This oc.éurfé)lwﬂq@acitwewelwohbrtdmmbdmiﬂﬁ tlattwdeafiade lvége gases on the
cor r esponditigusetA6dn afeFiabie dearidbédn HateRV VO AVES18 AS The dtRgUl t, the

pressure "Eéc?rb&‘et oCRPREL Yxide? Mondrlflftzafe. Mh@ﬂ: GaRIEAGH 0 1 ts

deconpress WI th a special

pressure ]@?f‘ e\Pglcé}'g’on%g BW%H*’Q&&%“S\?&E'?/@@E%?@% aﬁ?ﬁac'rt‘gl i abl e enough

t o preventexgels considerably the double-layer capacitors with two polarized electrodes in
both specific energy (up to 12.5 Wh/1) and maximum voltage (1.4 V).

6. However, such a capacitor has a number of shortcomings: 1)
Insufficiently high specific energy; and 2) High cost, due to the use of large
amounts of nickel oxide.

7. From technological point of view and as effect achieved, closest 1o
the present invention are EDL capacitors employing lead compounds as active
ingredients of the non-polarizable elecirode, which are disclosed in
PCT/RU97/00353 and PCT/RU97/00411. In particular, lead dioxide is used in
the case of PCT/RU97/00353 and lead sulfate in the case of PCT/RU97/00411.
The device disclosed in PCT/RU97/00353 is considered as a prototype of the
invention herein.

8. Still another drawback of the EDL capacitors is the gas generation
on the elecirodes at overcharge, e.g. of oxygen on the positive elecirode and/or
hydrogen on the negative elecirode, This occurs when the evolution potentials
of these gases on the corresponding electrodes are reached at overcharge. Asa
result, the pressure within the capacitor case increases, which can lead to its
decompression and even explosion, unless it is equipped with a special pressure
relief valve. But even such valves often are not reliable enough to prevent

SUBSTITUTE SHEET (RULE 26)



SUBSTI TUTE SHEET (RULE 26) 4 Novenber 2005 deconpression or explosion: they
can, for instance, becone clogged with dirt, etc. Cﬂ accou% f all this,
EDL capacitors have a fundanental disadvantage: tHENPEERESZPPIy of their
deconpressi on and even expl osi on and need of special maintenance. In order
to prevent deconpression, the end-of-charge voltage is significantly
reduced for reinsurance, thus reducing the initial discharge voltage as
well. This, inits turn, Jeads to a considerable decrease in the EDL

capaci tor UEFERIESSIONSH SElpsiopthey, cang for ipgtanqgey bespmsaiaegesdh aithy dirty he

di f f er ence cheOMERBTIN & aHGHR) BBL Mapiditers vk iadfun@ddebntd]l MiadadeHng@bar ge

vol t ages. UM\/AR{. % ;l'HE.I ENTI ON Enbodi ment]?? of the g(g&ésent.afr nvention
seek to i ndFeREEPHR: of dish qeFpRpriRieqand svep saplosion apd g¢ EE2 educe its
cost. Accomgiimenance. dnfardstto pspent dedbmpieesio, dbe abd-ohivtendd wltagt iere i s

provi ded an; ' c ' | Sk0g: i zabl e

el ectrode @@égg%ty %d‘g%lrd%@w%:%ocne’ ﬁn’{&? gérd?'lglﬁl, ?%Wﬁ%fﬁf%g(ﬁlaaﬁ% z‘%@% el ectrode

i ncl udi ng l[Aexgll Bhisxnde tamdlcrdsle aswnpigerable sleersprgria thsy ERkcagasiion he

pol ari zabl gyiRCiLee ARth i 8iredA9NrHr@bha? 3PS SIRFNEOBSWeBNEhAN agqueous
d, wherein the nmass ratio of

solution el ectrolyte contajping Sulfuric aci
the | ead sSfyEESithy iR Fr&-f{a%f’&la’é e YURESs from about 0.1 to 99%to about
99 to 0.1 % and wherein the polarizable electrode also contains |ead. The

foll ow ng SRMMARYNORTTEE INVGESTION takes place during discharge and charge
on the positive electrode. PbQ2.+ HS04 + 3H+ + 2e <> PbSO4 + 2H20 (1) Under
t he worki ng conditi o#gl%é’ﬁwe %}eaf the, RTSIERL; WYFROGU Rk bl TS0t i al of this

rever si bl e spestctenengy iofithelvepactiar apd do stladedtsicestappr oxi mately 1.8 V. During
cycling, the EDL on [ el ' hat ged e.
char ge-di schar(%é pr o%gg%rﬂglgat%h%%ﬁﬁﬁg%?\Qggth%?sr%%&bglg as "t E)ITEFEO\I/\SB: (H+) ad/ e
+HS04 a H+Providedon gegiic doubjrelayer)capaqitpe commrisings iagrmdarizable elertellee refers to a
plr ot ?n gdsﬁ;{aﬁé‘@f 'ﬁl%&r&% caﬁalﬂt Hlﬁte%iﬂ?ﬁ%g%la\‘ﬁ%ﬁie ;éfé@{r&%d]d 'néHrSag% qgmpf E het ﬁar bon
el ectrode (for. charge ate o e capacitor), an -e to the
bi sul fate &@ﬁldﬁd’ggrl%é‘d‘“i%tet ﬁée@fﬂﬁorol??tw?q‘?etﬁﬁaglia‘f‘?@gq ?e%f?QP ga téfur face of the
car bon el eabi-pslerifabrelétinsdd) and atagkaisaoiion electrolyte containing sulfuric

acid, wherein the mass ratio of the lead sulfate to the lead dioxide ranges from

about 0.1 to 99% to about 99 to 0.1%, and wherein the polarizable electrode also

contains lead.

The following electrochemical reaction takes place during

discharge and charge on the positive electrode:
PbO; + HSO4 + 3H' + 2e < PbSO4 + 2H,O (1)

Under the working conditions employed, the maximum equilibrium
potential of this reversible reaction in the charged state is approximately 1.8 V.

During cycling, the EDL on the negative electrode is recharged.
The charge-discharge process of the EDL can be described as follows:

(H"adle +HSO0, < H' + (HSOy ag/-€ +26° Q).

Here the designation (H'),4/e refers to a proton adsorbed in the
EDL on the negatively charged surface of the carbon electrode (for charged state
of the capacitor), and (HSOy),/-€ to the bisulfate ion adsorbed in the EDL on

the positively charged surface of the carbon electrode (for discharged state of



4 Novenber 2005 WD 02/091412 PCT/ CA0O2/ 00675 the capacitor). In our
experinents, the potential of said electrode changed in the_ range of -0.2
to 1.0 V vs. normal hydrogen el ectrode in the same SHPYRRRE 2048~ Conbi ni ng
reactions (1) and (2) give the overall equation of the eléctrochem cal
reacti on Wak2/¥#3413l ace in the electrical double |ayer cBEEEIA20P675 descri bed
herein: 19. Po2 + 2H2SO4 + Madfe <:* PbSO4 + 2H20 + (HSO4 )adl 'e (3) 20_
It should be noted that the active nmass of the positive el ectrode contains
both | ead di oxide and | ead sulfate at any degree of discharge. This has

been denongtr at y..t he [ 8 I!i!1|BlIIlt§ tﬁ’é c.Iithﬁ’a?BF %> E%%@glcﬁ 'E%Eﬁﬁesuch, at
fully cha 58??351?(5? nt%’éexfcﬁua mass  Fatl o %‘é Eﬁ t ﬁ-{g I's generally
not | ower ¥pgaof-8B8&ui0y uw/&%@tbhbq&rag%{bﬁﬁﬁﬁ@m @E‘?eﬁwc@' at full

di schartfed state i Combiningenestiahd {Dresd @) ghvsribe mwaammticmgr%tb@)smyt o about

0.1 % PbQ¢jectbcheiiicA T8RMbI adkighplaec iethesdlédtrial dobisle daywrhpaeitod, N accor dance
with the ggglﬁ&g%mieﬂlvention is the effect of the | ead el ectrode on the

sur face con3| I on and characteristics of the activated carbon el ectrode.
It is caused by transfer of lead fromthe positive electrode to the

negati vi9.one at 500b@p+ 2680, rgHEaPe CaBbSQet 3 dHSOns/reet hddls of

I nductively coupl ed plasnma, atom c absorption and spectral analysis). As a
mereas by 50 f%“’sﬁg % AR at the 8 sy AL e Tor cel | or
capaci t or E%‘ﬁ“égrqi?t g? @8’“@% andsad %Lgféée fﬁ‘gﬁﬁ%‘ﬁe Pﬁ%sg'%%er %@lc?\e/}%?s of the
housi ng. Thies demignstiatedaht thy resulls of diee ehvanieal saalysisr Ansushndl oHEs st ance,
especi al | ychahed stasd the acted) atdsy mtio eff €bS©pddyasigemsfallyaroblowef thoni ¢ or felt,
and preveniis,shadgipagooto bkt 394 ¥BO,, RSk &f fullpediiBaiged sretiggt rode, which
I's one of the i}aCt@g@}é*T taﬂ)&gg%,yg,bg?cl[oeagoh{@ijdeDL capacitors. 23. The

t echnol ogi E4I*4 BBP ég’,ae%crl ed. a 6t¥e &g@_\jl e sr"%gi fi ca&{ increase in
the spedl-fic ener gynsesantisl Qasientisyof the geRaciigf Mracousaiee gt He same tine.
| ncrease i presquemiventionanthe gifestof deHeal dectipde on dke wifactheondiioniaad di schar ge
vol t age upcHapacheiids of 1 aétivatdl cadlSonvéiédirods. Iiis eab@by nasfas€ldad t he

Pl ol ShBT U L SIS 1 0
present in FRIRRd tﬁ;]g methads g m uctively coupled plasma, atomic absorption an

spectral analysis). As a result, the specific capacitance of the activated carbon

electrodes increases by 150-300 F/g.

22, In a preferred embodiment a capacitor cell or capacitor battery
stack is compressed between the power covers of the housing. This significantly
reduces the capacitor internal resistance, especially when using negative
electrodes made of carbon fabric or felt, and prevents shedding of the active
mass of the positive electrode, which is one of the factors limiting the cycle life
of EDL capacitors.

23, The technological approaches described above provide significant
increase in the specific energy of the capacitor, reducing its cost at the same
time. Increase in specific energy is achieved by rise of the initial discharge
voltage up to about 2.0-2.1 V, as well as by a 50% increase in the conductivity
of the sulfuric acid electrolyte in comparison with an alkaline one. The cost of
the BDL capacitor manufactured according to the present invention is reduced
due to use of lead sulfate and lead dioxide elecirode, which are considerably
cheaper than nickel oxide.

24, One of the goals of the present invention is to provide completely
sealed and maintenance-free capacitor. This is achieved by establishing in the

SUBSTITUTE SHEET (RULE 26)



due to use of lead sulfate and | ead di oxi de el ectrode, which are
consi derably cheaper than nickel oxide. 24. One of the goal f the
present invention is to provide conpletely sealed eV ?@ nce-free
capacitor. This is achieved by establishing in the 4 SUBSTI TUTE SHEET ( RULE
26) 4 Noweaize19R05 WO 02/ 091412 PCT/ CA02100675 capaci R CA12EKES em of

I nterconnected gas pores in both electrodes and the separator. The
foll ow ng technol ogi cal approaches have been proposed: 25. The vol une of
the electrolyte in the capacitor is |ower than the total pore vol une in

the el ect rods,ang &%ﬁ.ﬁ&pﬁ%&&? ooiB ol 168! SOBGRI Bl HPRE | On, OF Pore

vol unme in 10 to 50%
27. The i nSgRr loying o lngie] STpFoRotes b becp REATHY 58 The

t echnol 88i cal appr daehNekmged dhe deciroliie ndtheatdpecitor edowsnytirarthe ttadl ved on t he
positive elpe&tvroﬁﬁk%xﬁtheeaiﬁd:ttﬁﬂesdﬂamgﬁcepmdtoﬁvercharge to be fully consuned on

the negagive el ect r]qlgee]ecﬁg é RE%&) bﬁ?'bf EEdbRL fr&&%te'lé?#b Leggtion is

f avor ed both its, ex and excel | ent

O%O | zat i on

catal ytic é]ﬂbeslePﬁ} of 8‘%@?. %rbon_for this process. On the other
band, géseous hydridganemakipate ofdbe wpadipsisuadersicyume negative (carbon)
el ectro@d at over dhartgeéhnokbgical sgproachey dewciipddeativee hllbw yhe oxygiened on t he

positive e'eﬁ‘(ﬁ%@&?ﬂk)bosiﬁ%‘bk@&bdﬁ"at(ﬁﬁ%ﬁdh@@%'aﬂétob&@ﬂar eef%cselfa {/)as a result
of the extr o6 lrnv; né%? \%rél%c?xto 9 nTHI: 10tmkyaﬁono ?B[%E{%I%QUC 81&) urgacjﬁ 29. The

8
Aydr ogen géh a{eass“éotﬁﬁareg%r L8 b o B0 bt 907, 209,

wher e t hei watalytie 2bilitoof thalestivgtedcerbor Ifmsfhisalsrpcetsas aflpibe tothet bledy t he gas
pore syst e@nseSusghwwgaheﬁhicbymgaé eddliédish ﬁi&ﬁé@zﬁfvfel €dr eleetraﬁSa@OUS phase,

which is ¥erg’r;ré¥:cén%s%% nﬁ& E%’YHH&'Q&P g@ﬁ f‘g&t& ﬁé ﬁ pondi ng

di ffusion .coe ses .dI'sso onte and by

filtrationiqyZ ecr?ﬁ%‘é ﬂ%srﬁ" acifn o7 |asrisfl | P xF%f‘é?%r an the
di f f usi on @ﬁbﬂzamn offhissreactine (Eyx &Di on presented herein provides a
several 20i nes | ncridasgasipord Bgstapeshirec vagpast kagset 8Nthea@eetns10 tinmes
reduction %ﬁyéeﬁearﬁoﬁ%drbé'bn SQRPALd 3PRdiBe tHE FRhhe@PAG! thOTophRaUn i n WO
97/07518. Ti%%tr&f“ E et their jonization takes place. This fast transport within the gas

pore system is guaranteed by gas diffusion coefficient in gaseous phase, which

is by 3 to 4 orders of magnitude higher than the corresponding diffusion

coefficients for gases dissolved in a liquid electrolyte, and by filiration transport

mechanism, which is still much faster than the diffusion one.

30. Thus, the invention presented herein provides a several-times

increase in the specific capacitance and about 10 times reduction of the cost in -

comparison to the EDL capacitor known in WO 97/07518. The capacitor

disclosed herein allows both series and paralle] element connections and thus

assembly of various capacitor batteries on iis basis.

31. . Furthennore, using the invention described herein, a completely

sealed and maintenance-free capacitor can be assembled. With the possibility of

decompression excluded, the end-of-charge value, and by this means the

specific energy, could raise. Sealed design also permits considerable increase of

the charge current and, therefore, corresponding decrease in the charge time,

which is critical for many practical applications. Another beneficial

consequence of the technological approach proposed herein, namely, the

electrolyte being hold only in a part of the pore volume of the electrodes and the

separator and absence of any free electrolyte, is that performance and working

characteristics of EDL capacitor become independent of its position in space —

SUBSTITUTE SHEET (RULE 26)




di scl osed herein allows both series and parallel elenent connections and
thus assenbly of various capacitor batteries on its basis. %ﬁ
Furthernore, using the invention -described hereln‘4§°E%W%¥39 seal ed
and mai ntenance-free capacitor can be assenbled. Wth the possibility of
deconpr es¥P@n%4d2| uded, the end-of-charge val ue, and bRCHEABNOMBANS t he
specific energy, could raise. Sealed design also permts considerable

i ncrease of the charge current and, therefore, correspondi ng decrease in
the charge time, which is critical for many practical applications.

ﬁnot her beﬂ%ioﬁta@'veﬂﬁﬁﬂ%@&“%?&ﬁe fbmé et @fégjﬁsrwb@ﬁa&ﬁtlsh&n@mabn% oposed
erein, | r e pore
vol une of Hﬁ@agyé%ﬁ bjeﬁgg&é/%n %‘thgg %gélgrfi at or ugh ‘{)%relﬁ%ieggoa?rcany free

el ect r ol yt 82cf@aLR3 per f or mance and wor ki ng char acteristics of EDL
capaci tor becone independent of its position in space 5 SUBSTI TUTE SHEET

(RULE 26) #RiorDERERIPOON YOO8 DRAMIRGRCT/ CA02/ 00675 hori zontal , vertical,
etc. Byshhe sane tgf -rl’re?fég 18 GERRGIFca %bﬁ&'aqsmm%mwcgally in

obj ect s rmwtg at hi erations, such as autonobiles alrcraft
spacecraft  PresSPERYEHEEPRI PTI ON OF THE DRAWNGS 32. Fig. | represents a
versi on3df a capacifi®r? spesens septher Emwrof sARASIOVASSHMY Mécﬁﬂf@%nt i nventi on.
33. Fig. 2teppesanimveatimt her version of capacitor assenbly according to
thlet prea% Invent 'I‘i’é‘3§ﬂlstt:1-ﬁh9%he3dé bﬁdéﬁéerlﬁ&\ﬁé’enttﬂ@v r(@? eth@tethmeen tPe
vol t age on. a n e negative
(E) and pgsgaﬂtcg}' te a8 %‘dtﬂ O?gmlf%hheag%s tdﬁ@lt?e '?fs he nunbers on
the Fi gur e§legadegh teclischatee Meowi ng f eat ur es: 1 - pressure cover of the
capaci t 86. case; 2 -Thensmibatsoon thd Figurest deksigoate ihenbbllowing deahaes: 14— -- t he

current Cog}e@&fr@&ovef of E%ﬁé%u&:ac)éé‘é yJe Ghe gtaﬁamtcﬁnmlcbnec%or 4negat ive

pol ari zabl or ous catr. el ectron

tpol -
non- conduct 1§ FUEERLFO 81r°I SPBQR%’(YE%PIW rﬁ"rd@c‘ifr%?&“g FE} \éﬁ%‘?ﬁt Pve el ectrode
made of | paldrizable pareuscriboreclacteide spaked sothielattralyten Get elcctrcml ywe: 8 - acid

resi stant geRfudiMe sepBratorMofiEsdUwith eREISIVRNY & ive electrode made of
lead sulfate and lead dioxide soaked with electrolyte; 8 — acid-resistant sealant;
9 — pressure-tesistant case.

EXAMPLES
Example 1

36. An electric double layer capacitor (Fig. 1), comprising a negative
electrode 5 in the form of 8 layers of activated carbon fabric of the TCA type
having specific surface area of 1200 m%g and thickness of 300 pm each; a 1-
mm-thick positive electrode 7, with active mass containing lead sulfate and lead
dioxide, pressed into a grid made of an alloy containing 94% lead and 5%
antimony; a Grace-type porous separator 6; a pressure cover of the case 1; an
insulator 2 preventing short-circuiting between the capacitor electrodes; a
current collectors 3 made of sheet steel; a current collectors protective
corrosion-resistant layer 4 made of graphite foil; an acid-resistant sealant 8; and
a pressure-resistant case 9.

37. According to the chemical analysis, the active mass of the positive
electrode in discharged state contained 91.2% PbSO, and 4.6% Pb0,, while in
the charged state it contained 3.2% PbSO, and 92.8% Pb0O,. Therefore, the mass
ratio of the lead sulfate and lead dioxide was in the range of 95.2% to 3.3% (in
these calculations, the total mass of PbSO, and PbO, was taken as 100%). At
50%-discharge, the above ratio was 45.95%.
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EXAMPLES Exanple 1 36. An electric double |layer capacitor (Fig. 1),
conprising a negative electrode Sin the formof 8 |ayers of activated
carbon fabric of the TCA type having specific sur Fhdeverles 280> 1200 nZ/ g
and thickness of 300 pmeach; a 1- mthick positive electrode 7, with
active mass containing |ead sulfate and | ead dioxide, pressed into a grid
made of an alloy containing 94% 1| ead and 5% antinony;, a G ace-type porous
separator 6; a press over he case 1; an insulator 2 eventing
short-circuiting betdﬁgﬁcaﬁ?dégﬁhﬁﬁPB?m%F%@FﬂﬁﬁﬁgSq%“m%iﬁ?%ﬁ¥§£olIectors 3
made of sheeth slteetetblyteaacuqums selokibe of orHupe eciddiaving dasity o§ildn- r esi st ant

layer 4 mageeret Baitapbétdled fiel plat@bhaped, Gritle8intchdibhs SR RAMMY . BRY A
pressure-r egj; $e Em gx%&%{el on Zp eeccfﬁé ec{‘;&ﬁ sgqaﬁ‘en?e] b%ﬂ@%h%@a%aéé‘%aﬂ the

active nmass g e con ai ned 91. 2%

PbSO4 and 48 @2 T%ﬂ?%fqhﬁe wep doldipily, Bytheperss qlithe¢lpsteadavends. 206 PhSO4
and 92. 8% MQpaféltmr ghowelpet bt theedstrolye-free ptbrtlbmseof tedwe lvblame, and | ead

f" ?X: de wasndaburt@ @y’ @ ﬁmgf wiR 38%! Rr Ind%e Aéigf cgl&%??e C%ic;’/g/bfgﬁfthéﬁns thteh
otal nmss a e dl SChar ge, e
above ra“g%&uﬁ’?ig‘k@gg a“& %@?*ﬁ%ﬁ@m (RULE 26) 4 November 2005 In
di scharged state, thdWeedesing detfplonsag Jatres sysae ab@incd, maxipyied with

el ect r ol yt epltage 2al¥e sprsifeodnatgy 6. 20WhaWfdub.b & dischargeawitag);denbet y of 1.1

g/ cnB. Bot f&fedhﬁﬂgtefd?ééﬁﬁg@rd?cl@& af300 ShRP R WriRudl ARES uﬁmaﬁlte wh X 74 mm The
corrpressmnﬁpﬁ Sw%maﬁiels e%ggrsg S{s and thg separ.at or tween the case
wal | s 1g° (jij F&'SEg 1 LA Wr 4 BHW“?W‘P‘He BEES of the

el ect r odes PEsITe witbindbeease 0} atnfhe val ues of the el ectrol yte-free portions
of the pore vol une, neasured by wei ghing, were 36% for the negative

el ectrode, f21opfor the positive electrode, and 11.5%for the separator.
Duri ng testlng the follow.ng val ues were obtained:. maxinum voltage 2.1V,

speci fic energy 56. ZAWhFE“PF6Pd@e§@%3d?k%ﬁﬁ?é@gc%} Adkrme fraonitess  of
char ge- di sehaeige aeseﬂﬂaaa B80n{pld ¢ (Fastly iaanit MUAG édsé efivol ﬁ&gam»wl ue was

reached) ﬁggtr%ééf Hve%ee %rH%o e@c ma ﬁiﬂqj%layers (%l f'(gA-type ac%ivatgﬂ cdrbon Taxi mim extra

gas press
fabric (with specific surface 1200 m%/g and layer thickness 300 pm), positioned

on both sides of the positive electrode and interconnected. The positive non-
polarizable electrode 7 consisted of a grid made of an alloy containing 94% lead
and 5% antimony. A paste consisting of 83% active mass and 17%
polytetrafluorethylene was applied into the grid openings. According to the
chemical analysis, the mass ratio of the lead sulfate and lead dioxide at assembly
in discharged state was 95.8%. At fully charged state, the same ratio was 5.6%,
and at 50% discharge -45.1% (in these calculations, the total mass of the PbSO,
and PbO, was taken as 100%). A Grace-type separator 6 was employed.
Current collectors 3 were made of sheet stainless steel. The current collectors
corrosion-resistant protective layer 4 was made of non-porous, 0.3-mm thick
graphite-based carbon material. Both electrodes were plate-shaped, with
dimensions 76 x 74 mm. A sulfuric acid electrolyte with initial density 1.1
g/cm? (at discharged state of the capacitor) was used in this example. The
compression pressure of 10 kg/cm® was employed on the electrodes. The
electrolyte was contained only in the pores of the electrodes and the separator.
The values of the electrolyte-free portions of the pore volume, measured by
weighing, were 29% for the negative electrode, 19% for the positive electrode,
and 10.5% for the separator.



Exanple 2 An electric double |ayer capacitor (Fig. 2) differing fromthe
capacitor described in Exanple 1 (Fig. 1) in that in this case

negative electrodes were enpl oyed nade each of 4 I4a1§‘éYe§n bt 29¢5 type
activated carbon fabric (with specific surface 1200 n2/g and | ayer

t hi cknessW@0BJ12 positioned on both sides of the posr@iga28068t r ode and
I nterconnected. The positive non- pol arizable electrode 7 consisted of a
grid nmade of an alloy containing 94% 1l ead and 5% antinony. A paste
consisting of 83% active nmass and 17% pol yt etrafl uoret hyl ene was applied

into the grid openin LN t he, .che nal the mass ratio
of the ﬁéad sul f at g] n%]“ﬁ‘éi % (%P%:Pgie%?e be tg'e% 1% (gi ed state was
95.8% At Fapefipr deairpgand deapotenia Ss%fn@err&gﬂ’fbv ) &n WSlﬁV& t 50%

di schar ge eldgrofle §6s( innrmadh bydrogenl dediate oribe sarthe saluticl) oﬁﬁsshsolﬁargme PbSO4 and

Pb02 was tgen 186 dkeiife cuivdsheRn WeRemeeRAKA! Wmiriad ETIENRH.  Current
coll ectors ﬁre‘ﬁ? de of sheet stai nI ess steel. The current collectors

COrrosi gn-resi s E rotectlvel%% ag&de of nong %e 0.3-mm t hi ck
gr aphi t & based car ¢ "ﬁ%ﬁ%‘?ﬂlclé‘ﬁon B‘?E’@? aped, with

di nensi ons1)7texporentighpf kespasitive| deciorel exhibiis byt ynsenwﬁqaht fesraabeal density 1.1
g/cnR (at Qurkghke diedhagt ptceesf Z)tthepctammloft}re)negﬁﬁfeut&eﬁodeﬁnérbass«s exanpl e. The

el ectrolyte s_con trodes and the
separ at or ferayat Z%wgg \?ﬁeayrgf)g(l}fl?%? %ﬁlgﬁ %‘5“1956?119? AP He pore vol une,
measur ed b§) theepgRuayroliags & abiaparoxinriely da ive electrode, 19%for the
posi ti v43.el ect r odeSincathd okﬁlaﬁ% fater of the cabpa eletivodes & ddnviderblle 20005 WO

02/091412 &Jﬂr@@%@%ﬁﬂa‘a #ly, i eniginiund URERAEESokdR WEPRNAERGE bet ween the
vol tage ( ga‘heE{féﬁﬁ‘Cfntﬁ s‘% cE‘x‘I"Le%tﬂ o{ﬁa%dg% éa‘i‘t@ in]ade gsiff, [ he negative

(E) and po§ él ectrode nor e ¥1°0de in the sane
sol ution) fmnt'lq i scharge tine. The di scharge curves shown were neasured
at tenpétature of 2nCfollnwingaesultemeredbtang! duringlestifg! spevifinenagincl usi ons

could be nasieWﬂ@m(fohesdAamC deﬁﬁérlt}?eﬂmbeﬂ-bf&lﬁh@gm&&i@ﬁ aclef the positive

conpr essi Oglﬂfagteﬁn%'glﬂgéﬁlfm 913 @%hny&e dm;ha @cﬁ}v@q pges. The

el ectrode gs@m e téstpeﬁmh g i€ 90ke HRCLERAY, ) angesis&‘ﬁcéi sycharge
process; 2) th otentlolg 0 ative electrode i ncrea @?ﬁ al nost
l i nearly dﬁ‘ﬂ GOATEHE VPO ey “@)x“ﬁ’ém X &8 RICSSUFRe ’E@W&ﬁa@ee ve in the
45, The capacitor according to the present invention has a number of
essential advantages over the capacitor described in WO 97/07518 -
46. A considerably higher value of the maximum discharge voltage

Upax = 2.1 V, as compared to 1.4 V for the prototype. Due to the squared
dependence of the capacitor power (W) from the voltage

47, W= (C2)[(Upad® - Usin)’] ),

48. where C is the capacitance, such a gain in voliage resulis in a
substantially higher gain in specific energy.

49, Since the conductivity of the sulfuric acid electrolyte is much

higher than that of the alkaline one, this results in an additional gain in the
specific properties in comparison to the prototype.

50. The specific energy of the capacitor in accordance with the present
invention as calculated from Fig. 3 is 58.9 Wh/l. The specific energy of the
electrodes described in U.S. Patent No, 4,313,084 and U.S. Patent No. 4,562,511
does not exceed 2 Wh/l. The comparison between the two types of EDL
capacitors clearly reveals that -the specific energy of the EDL capacitor
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vol tage range below 1.8 V is alnost linear, which is characteristic of
capacitors; 4) the maxi mumvoltage (U J is approxiately 2.1 V. 43. Since
the oxidation rate of the carbon el ectrodes i s condiNeveihes 2895 potentials
hi gher than 1 V, the m ninmum di scharge voltage Ummis achieved, when (E
}.,, = 1.Wow/eM42Fi g. 3, one can see that for the capaw't!mﬂﬂﬂﬁﬁ'fé]uestion,
UmMn = 0.7 V. 44. The following results were obtained during testing:
specific energy 58.9 Whr/l (for 0.5 A discharge current); nunber of

char ge-di scharge cycles 6800 (the tests conti nued after this val ue was

reached); Ia<r:]c:t0 nalto v‘ﬁ?s ;ﬁés%ir&c%‘verﬁwn 8”%8 p%n%s ﬁ abarc}l raxi mim

extra gas pre for accordi ng

to the pre§%’FYtentF9¥9]eEPLSPPaﬁ‘é%r aéseﬁ'tsﬂi%‘eq‘c‘?f méé"s@?ﬂeﬁ’é‘m ghprtagBYs over t he
capaci t or tedyemiaidyi ta twoMERsey: 07518 : 46. A consi derably hi gher value of the

maxi nunmggi schar ge \Aolsw@@mauy Hgler LmxinRif: GONRRN @ﬁluéOU%u“foi«/ ther the

Che vol tans Ao RIS RS g otater (v rrom

capaci tanc& gain | n voltage results in a substantially higher gain
in spech?ic ener gy Thagirtgi fndepandence i dircrasiive glegiroderpotentiek efrthe” aci d

el ectrol yt disclargatihe. hi gher than that of the alkaline one, this results in
an addi gional gal N Whert |8§m SBE Ghiftl %Iel@fr&iéeﬂésbﬁs?ed' i) %féﬁ%mgfsh {0 the

pr ot ot ype. A%Q ted SIPC%B Q\F%‘Eelrgpgo acﬁ g %@ngg accord nce with the

present iqve tl o rrom specific
energy of @yEniGE gxhi lt?éie 2 prés ‘?‘W"’U a EQt@n?PHWImAtCQ’lé 84 and U. S.

Pat ent No. m#/BB2 a4t cidulyshigh spesite eapaditanks, Iwhilgike cymplife émad:bet ween t he
E\rl:o tE %Ees edackdal is %&W t:l@g s 'g?h@ar‘lra\fuﬁeﬂteadoﬁmﬂé}%] -mglﬁcgsmeg 38% c We)ngrz %922 15
Y r
PC('IE'I CAO fggg‘%%baccﬁéﬁ% rﬁ?ﬁ@%&é‘éﬁﬁﬂgﬁvé@% on | ses Seral I mes hi gher
than that of a BHT 2B I&?a @PPEFFeT%Sé B %F‘H’FW? to these
prior art pévestiges qVirs the s cepseitorai rdlesmb@itm) P@EM{OOBSB‘ an
PCT/RU97/00411:
55. Addition of small amounts of lead to the polarizable elecirode
considerably increases its capacity and specific energy as a result of increase in
the working surface of said electrode due to more pronounced hydrophitization
of the carbon.
56. The capacitor according to the present invention is substantially
(approximately by 30-60%) cheaper. This can be easily explained, keeping in
mind that extended time and therefore large energy consumption is needed to
obtain pure active compounds (PbO, or PbSO,, as required according to the
inventions PCT/RU97/00353 and PCT/RU97/00411, respectively). The present
invention provides Pb0,, PbSO,, and PbO as active components of the non-
polarizable electrode in its common case, which causes no deterioration in
-performance of the capacitor.
57. - Addition of small amount of lead oxide (PbO) modifies the
structure of the positive electrode minimizing the degradation of $aid electrode
during cycling at moderate and high cwrents, Reversibility of both
electrochemical reactions and changes in the pore structure are required for ideal
performance of a capacitor duting the charge-discharge process. In fact, the
-pore structure gradually degrades with the cycling. This leads to decrease in
capacily of the electrode and in capacity and specific energy of the capacitor as
a whole. Degradation processes are slowed down at not very low currents by
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51. A substantially higher maxi mum vol tage value Uma, for the capacitor
according to the present invention as conpared to the prior _art

el ectrodes; and 52. The virtual independence of the PO¥MREEY) ect r ode
potential of the discharge tinme. 53. Wen conpared with el ectrode

descri beaw(2/P®aq1@nt of Japan, Accepted Applicati on NoPCECARAOBS t he
capacitor according to the present invention exhibited charge-di scharge
current as high as approximtely 100 rnA/cnR at sufficiently high specific
capacitance, while the cycle life already reached is 6800 cycles. These
val ues are asi der ahbl | h i for the
capaci tor %%%%&fﬂ?ﬁm%? 3&%@%@??2@' %E? %; glﬁ’.tﬁ‘%%?%ggggh%%ra geglgggraai ng to the
present' i ntit BT PP a6 Cxclegdhe foecifig GUSTBY HEfSs over the capacitors
descri b8% in - PCT/ARdBibhe6988! ametnt peadplerpipde; PbyPORs5, to Agdioni on of snal |
amount s of pbledghblecelédnedpadtiae inmeddiminidhes the GHlfatatba@naiddie gxhtleﬁﬂfg BET eﬁjses its
capacity a : i s€qo Nt he wor ki ng
surface of ngé%%%gkiéég?rgﬁg{gg%ee%?%%ﬁgﬁZ’ggiegﬁ alfir;[glgﬂ yg?%'phi lization of the
carbon. 56. The capacitor according to the present invention is
substantially (approxi nat el jndygiribAppligatieneaper. This can be easily

expl ai ned, keeping in mnd that extended tine and therefore | arge energy
conS_urmgs:.on i's neeqhe@aﬁaﬁitoro&%&uﬁgpwrtﬁe bfﬁeinﬁ?é}ﬂ%ﬁéﬂ%désp&%rapbg E’Pg’gjﬂas
required a i . | N :
respecti veﬁ%ﬁg gl?ﬁ%r ?c:éic %Perg? ﬁ%\?gﬁfﬂ% %@ﬁﬁé‘j‘% ?cogéﬁwgﬁd PbO as
active co EHEd0% V}?W corpRRred g ] S%aé’dé%o%té?PHB’éln?aF?Yi%ﬁ@%mn case,
whi ch caus é&ss. nGheoeipesiioo pebiding tiothe presentfivventing ellows senies malpailiebr . 57. .
Addi E i on ot:orﬁamiolgs afrekfiientd fand @?&nmmgdﬁ diffEredt d&ﬁ?ﬁiﬁaﬁ_@ﬁs éfftRpachibf uct ure of the
positive e I ; rﬂﬁg{ : e uring
cycling at B%&Sga%% cﬁbrnhﬂ%sué}fé saﬂggggaggﬁgéqu?élg%s é%%% %ﬁ)dj

el ect r ocheREATIeRGEAETS: o T8¢ RRACTIRA, AW properfies 95ihe g%/ﬂaﬁ‘fﬂl_'lﬂr% Mot e required
for ideal afentgdobyraiscrosiibn d4n sageaci-¢orwhether iy ist pesitiomad derigingdlyar ge process.
In fact, theticyi9] etcsTheicdpacivr gecaciing b yhaipgseatiasention s dlfeexpyatd ng. This

| eads to deLRQaRH doinalbPRRG hivigd atth%aﬁkﬁgﬁag&ﬂ%gﬁi% ihBuRlEEdst Y and

specific ener of t apacitor as wh . gradati on processes are
sl owed domﬂ“ﬁ%ﬁ%ce\?@ﬁy&?‘ow currents by

10
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addition of small anpunts of PbO As a result, the cycleability increases
by 20- 30% At equal nunber of cycles, the speC|f|(f1 pesRer 2Pdys. 58,
Addition of small amount of |ead phosphate, Pb3(PO4)2, to the non-

pol ari zabl e el ectrode active nmass di m ni shes the sulfatation and the
guttering of the latter, thus |ngﬁ§§ﬁi J9 the cycleability of the capacitor
by 20-50% I ndustri al pllcatlon A capacitor according to the present
i nvention provides severaI ti mes higher specific energy than the known EDL
capaci tor gLk ¥gl%§ WO 97/07518 (58.9 Wh/ 1 conpared to 12.5 Wi/ 1) and
costs approxrnate tinmes |less. The capacitor according to the present
invention allows series and parallel connections of elenments and

assenbl i ng 10f di fferent ceopbi cﬂﬁ%leol'ﬁ%xof:a;%@ﬂ?@%cb&rﬁﬁnsuﬁatat ﬁél‘aﬁ@able-rh' S

capaci t or a rpp nt advant age of _bei ng sea

mai nt enanc@ %@5 )rPPé @fr B oarraatsr%p%ra?rr plarga lFr’FEeCEa‘EPaQ)t or are not'

af fect ed byndhidéngolead tiio@idelaﬁd $adcelfate,. zeseptrﬂaetr t(ie)rbdt\txednaheppsmﬁzab&ed

hori zont al | ertlca |y tor accor present
et ty ci/ gx d’)lan[ngl? eﬁ'e F?‘géa O?rh%quleous Vag])gu 10

invention I's a at hi gh
acceIeratremﬁmgwghuﬁhn¢mn®utonnblIes aircraft, spacecraft, etc. 10

SUBSTI TUTE SHEET ( RULJeRf)ingh m&mﬁimrthe%%@u@tétd\{ﬁe mg@&lo{uﬁe Féngée A gred is: 1. An

el ectric double Ia er ca acitor conprising: a po arizab rode (5)
made of a ﬂﬁ’taér)‘i“aﬂgtoﬁln@rﬁﬂéol ari zabl e el ectrode (7)

i ncl udi ng | ead dl OXI deRrihé ﬁﬁ%z&ﬁiefe@éc&od@atmfaﬂts%ad.( 6) between the
pol ari zabl e el ectrode and the non-pol ari zabl e el ectrode, and an agueous

solution electrolyte containing sulfuric acid, wherein the nass rati o of
the | ead s@lfate to The cipreithraif Cainel,religes thefpmﬁrmadtﬁ]ht: lddintle 99% t 0o about

99 to 0.1 %%lalqga%le\l\é{fee(:ltr%hgrakgees. ﬁ%(r)rl rolugéaé ?o zﬁ)out(\’at")é gy \evelagLfS.O contai ns | ead.

3. The capacitor of Claim 1, wherein the non-polarizable electrode
further contains lead monoxide in a mass amount of from about 0.2 to about5%
of the lead sulfate,

4, The capacitor of Claim 1, wherein the non-polarizable electrode
further contains lead phosphate in a mass amount of from about 0.1 to about 5%

of the active mass of the electrode.

5. The capacitor of Claim 1, wherein the polarizable electrode, the
non-polarizable electrode, the separator and the aqueous solution electrolyte are
enclosed in a case (1), wherein the polarizable electrode, the non-polarizable
electrode and the separator are porous, and wherein the volume of the
electrolyte in the case is lower than the total volume of the pores in the

electrodes and the separator.

6. The capacttor of Claim 5, wherein the electrolyte-free portion of
pore volume in both electrodes and the separator is in from about 10% to about
50%.

7. The capacitor of Claim 5, wherein the case has an internal space

and the internal space is under vacunm.
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2. The capacitor of Claim1, wherein the portion of the lead in the

pol ari zabl e el ectrode ranges from about 0.03 to about 3% by weight. 3. The
capacitor of Claim1, wherein the non-pol arizabl e &ReYSI¥E209rt her
contains | ead nmonoxide in a mass anount of from about 0.2 to about5% of
the | ead WOPIN4H2 4. The capacitor of Caim 1, wherei nPGIHEAREPEIHOI ari zabl e
el ectrode further contains | ead phosphate in a mass anount of from about
0.1 to about 5% of the active mass of the electrode. 5. The capacitor of
Claim1, wherein the polarizable electrode, the non-polarizable electrode,
t he separator and e aqueous Lutjan el.ectrolyte,ar encl osed in a case
(1), wher e?’n the_p %Pi‘p%ﬁﬁ?reo% % r%d@?er?lﬂgﬁ%gﬂgﬁﬁb%t%g%ﬂg t?“él ectrode and
the separ ab@rpdwizabls desirodanige saraaion antdhe, aqueses soluiore eleatrder ol yte in the
case is | ovenprshansitghe caparcitdr cedll andeatdeast hee payaeitori aelltibeompiesseéir odes and t he
separ at or . béiwee@sRBAGIelcOVerd b £tk BhélosiNdWBE 8 18ask be @lpe&ir iyt e-free
portion of pore volunme in both electrodes and the separator is in from
about 10%to about 50% 7. The capacitor of Claim5, wherein the case has
an internal space and the internal space is under vacuum 11 4 Novenber
2005 WO 02/091412 PCT/ CA02100675 8. The capacitor of Claim1, wherein the
pol ari zabl e el ectrode, the non-polarizable electrode, the separator and

t he agqueous solution electrolyte conprise a single capacitor cell and at

| east one capacitor cell is conpressed between case pressure covers of a
case enclosing the at | east one capacitor cell. 12 SUBSTI TUTE SHEET ( RULE
26)
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