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DESCRIPTION OF THE PRIOR ART
2. Several electric power storage devices exist in the form of electric
double layer (EDL) capacitors, for example, as described in U.S. Patent No.
4,313,084 and U.S. Patent No. 4,562,511, Such capacitors include 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 1
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
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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
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nunber of shortcom ngs: 1) nsufficiently high specific energy; and 2)

Hi gh cost, due to the use_of Iar%e_
PbO, + HSO, +3H" + 2e & PbSO4 + 2H,0 (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
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non- pol ar i gablfereli@UrtRoRIIAsd sebadlttade. Hiowdwed btals@adf taalif ate, a
separat or BelWgen, e BRIALADKE BLARK Gfleanssh W0S00daynR! si zabl e

wher el n ¢ hASFEE e RS BhAHTANCYPIE P, ABTHEAFOHISHANA 1 angeo. 1 om
about 0.1 specBgunalysigboisa pult,dhoSPECIfie capwriiapes: & the peivaisd|carionabl e
el ectrode gkatdecihblenienty 58800 e fol | owi ng el ectrochenical reaction takes
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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
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Under the working conditions enployed, the maxi mum equilibrium potenti al

of this reversible reaction in the charged state i pr Qxi ly 1.8 V.
During cycling, the EDL on the negative el ectrode |4SN$‘é'€Iﬁ5’Fn§ The

char ge-di scharge process of the EDL can be described as fol I ows: (H+)ad/e
+HS04 a H¥O82/¢9HBR4 )ad/-e +2e (2). Here the designati oRCENRIIGErefers to a
proton adsorbed in the EDL on the negatively charged surface of the carbon
el ectrode (for charged state of the capacitor), and (HSO4)ad/-e to the

bi sulfate ion adsorbed in the EDL on the positively charged surface of the

carbon el e %gfg‘%?ersfgaerﬂ'&c r eaa@ gore»éﬁn@@, e g P 02/ 091412
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pref err @é. enbodi rrerlﬂaeagaeqme:lsyswmcmkdresnwrgaﬁaﬁqﬁne;sorbaf ther gasedkack i s

Feduces thg TCR bFoRAGARRIERS gt 1Ra e, “MM@ PR o negat i ve
el ect rodes ]rrﬁtﬁg(%f'jfwl‘f’é?%”] :B‘IP ?a(?es?ﬁ eﬂ:‘;{hgaogtir f

o ﬁg of the
active madeteoystERds BRARiFaderYelas QRFfAcaet i gasprs phasehwhichct or s

limting thebgyhe 4 pfders of rrﬁmnuhphlghetrothsn {8 corfésportdingh diffusigh c al
appr oaches coIscient &6 a8 \RselvQVinteliguidEleéti @B tand b GLAKSE trhikpbfie specific
energy of e GARAGH® s sfIBRHA AGket i R mRlonldg Same

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 —
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time. Increase in specific energy is achieved by rise of the initial

di scharge voltage up to about 2.0-2.1 V, as well as by a 5Q%.increase in
the conductivity of the sulfuric acid electrolyte‘ﬁﬂoﬂﬁ¥%% n with an
al kal i ne one. The cost of the EDL capacitor nmanufactured according to the
present iWO@8WHOA is reduced due to use of |ead sul f ar€r/éad/Ead di oxi de
el ectrode, which are considerably cheaper than nickel oxide. 24. One of
the goals of the present invention is to provide conpletely sealed and
mai nt enance-free capacitor. This is achieved by establishing in the 4
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The vol ume SBCeqrp ‘351 ectrol yte in the capam tor is lower than the total
pore volune in the electrodes and the separator. 26. The electrolyte-free

portion of BMEEDEQCRE[BTBONOFQ"}EBRHWM and the separator is in the range
of 10 tg,50% [ vacuum 28.
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The gas POpfs ﬁﬁfé%@@g murcs‘@cﬂ@rraésé @ﬁmémﬁ&swraetafcuﬁ% BA&ERYE oxygen and
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di f f usi on represswe-T¥HgiaNt ca¥e | nventi on present ed her ein provides a
several -tines increase in the specific capacitance and about 10 tines
reduction @Wﬂg@st in conparison to the EDL capacitor known in WO
97/ 07518. e aC| tor disclosed herei n aI | ows both series and parall el

el enent onn%c’t’l ons and thL(li assenbl &ous capacitor batteries on
its basP é An electric double layer ca acztor ), 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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31. Furthernore, using the invention -described herein, a conpletely

seal ed and nmai ntenance-free capacitor can be assenbled. Wth the
possibility of deconpression excluded, the end- of -tNargebssaPhe, and by
this means the specific energy, could raise. Seal ed design also permts
consi derabl e increase of the charge current and, therefore, corresponding
decrease in the charge tinme, which is critical for many practica
appl i cati ons. Anot her ggcefigial conseqéence of the technol pgjcal approach

proposed herein, nanel{ischapged s@ieathe PRTOYY BlegindrAISERAT SR AFC § part of the
pore vol unevitf clepigolgiee on raquensis anlitivhof sulpae atidrhaxing ddvsienof 1df any free

el ectr ?I yt @/coh’s Hofta éled&ﬁfdg@ RIRBIMAE stRped, WRIkHK Hit@nsiG A6 o7E ﬁf’igiﬁrhﬂ;h@fr UEEE)L SHEET
capacl t or . |

(RUE 26) %%M%‘E%ﬁ&%%&f%@%ﬁ%%&f%%%%ﬁ%@t ces il T o cal
etc. By theS $Af&/ iokBh el & wag hald; andy s s morestaldle slsrrodsbanal 1y i n

obj ect s novheeepatatdri Ghe aelved ef thei elevtrolysufrte pertiang ofrthsi poes volaimecr af t |
spacecr af t mékeed Byl FEigESCRIeRTBEN OF TR &Kol 2%k or khd EPresents a

versi on of . [ in rdance wth the present invention.
33. Fig. 2@%%?%?%#@6’5%%%%% f\c{;’gejltrhseiSecpzrﬂia%}czf)é)r'capaci tor assenbly according to
the present inventiofuring testing, thg followisg rafucs wase ob@pedd@ABEBEt ween t he
vol t age ( Uyoltaget?hke V; sppii dnergytSér2nwhAl orahfl A tiechprgeantrert); swabet he negati ve
(E.) and p@?'dh'al_\g%-cﬁﬁharge yBlel R0 @e 1R URIGh&S dfer IR valde. wihe nunbers on
t he Fi gur esrea% ésd)girﬁ%t% h% folggv%ﬂ.q]feat ures: 1 c‘ﬁr essur etrcover of the
capaci tor case; _-_nf %%etﬂ et NG & Ly P@H{m’ FHURPSHIE 8% . the
current colPreswgpithinghecsse 081 peyer made of graphite foil; 5 - negative

pol ari zabl e porous carbon el ectrode soaked with electrolyte; 6 - electron
non- condugtiys-3eparator soaked with electrolyte; 7 -- positive electrode

made of |ead sulfate and |.ead di oxi de soaked with electrolyte; 8 - acid
resistant seal ant; 9 elgetic doplle daysr cppaditor 4g. 2esidiopngdronEfligpi e 1 36. An

gl ectr ihc ?@h{hﬂc'ﬁoﬂ gesle;ﬁbddaﬂaa]@;%a&lqﬂi QI:@F% 13)in %gnmrihgi Meaﬁcw@te@m_}_\»& teI ectrode
inthe formo ayers activ car bo ric e e

havi ng speg{ef’tir%({eg ﬁ”ref%%{rgplgye am?)cﬁ3 efﬁ@aie%ﬁygrsaﬁ@ﬁ?wﬁgggﬂg caghs pmygach; a
1- mmt hi clfghnio_iwﬁﬂl\speoéﬁcewfapdézonmﬁg falhd gt th'Eknasé‘;O(o\,me,qjoaiting;d _ead sul fate
and | ead %%’ﬂf’?idedoggxggftshﬂé QUelirdied %J%‘?e?co%e&%i. %Lgl'eg%églgig%@h-”' ng 94% | ead

and 5% anti ”Q”)I’Ji a type d|oorou.s Sseparator 6, a pi ure cover of the
case 1; anpolarizable 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.



insulator 2 preventing short-circuiting between the capacitor electrodes; a
current collectors 3 made of sheet steel; a current collectors protective
corrosion-resistant |ayer 4 made of graphite foil; AMoveamber 2893 st ant
sealant 8; and a pressure-resistant case 9. 37. According to the chem cal
anal ysi s, WOKHz09a4t2i ve nmass of the positive electrode |PCRCAZIO07ged Sstate
contai ned 91. 2% PbSO4 and 4. 6% PoQ2, while in the charged state it

contai ned 3.2% PbSO4 and 92.8% PbQ2. Therefore, the mass ratio of the | ead
sulfate and | ead di oxide was in the range of 95.2%to 3.3% (in these

cal cul a;j ons, . t he ot f S 02 was .t ak as ,100/a). At
Sovedi ok arge, the B uRaS, gt ‘FE“%“ ”sﬁﬁs‘ﬂl‘% EOSPEEE (RULE 26) 4
Noverber 26APaciion teriralnanghthesposgniials, ofe d?eéﬁiévee {Eek endmesttiven@ separ at or are
soaked wi elbctmide (st olbyn@hy&ngmp]@mgée sothasime sditieybf teidesclezged havi ng
density of uﬂaelme/dﬁaﬁrgeaaﬁ%s@h@#ﬁ wREEHeARdt adiBpsritaRaed 20% b4y di nensi ons of

76 X 74 ?of()c I’eSSI on pressure on the el ectrodes and the separator
bet ween he case h’é’g P 8/ c(gﬁ The .e ect htﬁal d only in the
pores of*the el ect “ga?‘ﬂffm“?lﬂ &quld e, mafle frp

el ectrol yt & theepotendiek phths prsitive eelesitode \eahibite, but Wﬁmﬁt‘éﬂl fseraned ghi ng, were
36% f or t héuringghd divihak pices(i?) the pétehitnl of e nepatbicteleeodd ingtasede, and 11. 5%

for the SCRROH Bear] ﬁfn{ggtﬁeg%ee@g .3)td3e Eé%bitomertﬂscn H%ﬁrv\é’%%é)bt ai ned:

di sch
current) BBt foR PRl B WER sl e ebicon | mucd
after this )\FB‘FWIM@V ‘SaPHﬁOéFIF?é‘FYPésVStance 5.8 nO0, charging tine

16 m n;43raxi num exBmae gmwx@an@szata’ of the chrbon eleetrades & @nliderablenat Exanpl e 2 An
gl ectr Ib cdd potbitRls! YRE (KAPROV, tt?é riifinthm schirkd 9bltdpe UL om atchﬂvecpfpa(?' tor
escri be mpl.e ative
rlle 1.9 Y An%ie 13 ohﬁ cLJP Eéf tPEt f‘oP‘ch%Oc%E%gx {n"l% estfod

el ectr odes_wer ol 6yed made eac ayers € activated carbon
fabric (Wlphms g fic surface 1200 n2/g and | ayer thickness 300 m,

posi ti offed on bot Bhefollewingfresulie wetsottdimesd diringttesive: pecfic encegyconnect ed. The
positive ngg9 WPQJrﬂ 1oz 33l & dMchabe etitent); GRAMES bLehpfe-dsdhaied ch@de of an all oy

contai ni ngg c&ﬂﬂu{a‘y R Vi was RARhED SR Woinfe, 5370 2cti ve mss
and 17% p uor ene, was ie t e gr 65 €ni ngs.
Accor di ng F‘Sy gmél‘?éﬁﬁ a‘PnaﬂéﬂWE'ng exgggastﬂﬁsu%‘ﬂﬂﬁ“g?eqaﬁe B@ad sul fate and

| ead di oxi @ at assenbly in discharged state was 95.8% At fully charged
state, 4%1e sane raTh®capasitod a60Grdingnel thet profids thveativarig® a-rbér 86 (i n t hese
Suce o sl TR e e T S0 e b
sheet s'%ldgl nI eg s st 8ef ’ﬁ%@blggﬁg%%tvaéugl ? e%‘? gpgrmum Sirate? VoIthEs
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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corrosion-resistant protective |layer 4 was made of non-porous, 0.3-nmmthick
graphi te-based carbon material. Both el ectrodes were plate-shaped, with

di mrensions 76 x 74 nm A sulfuric acid electrolyte‘ﬂﬂ?ﬁmﬂﬁF?p density 1.1
g/cn? (at discharged state of the capacitor) was used in this exanple. The
conpressiwAEadgure of 10 kg/cn2 was enpl oyed on the BIECAQHHES. The

el ectrolyte was contained only in the pores of the el ectrodes and the
separator. The values of the electrolyte-free portions of the pore vol une,
measur ed by meighing, were 29% for the negative el ectrode, 19% for the

positive el and f.or th ra 4 2005 WO

02/ 091412 ﬁ%‘?f‘[%)g 7"5‘3%‘% §Ié%“‘“’ G’g‘t%p§ q?ﬂ’era‘gﬁ‘eg}g’g e perween the
vol t age (UPoRyinligya Q]aﬁ%RﬁC{t?}'ras‘i pgr ‘&ﬁEP B DEOT ahhPtents DS { he negati ve
(E) and posd duewenilEf) twogkasons:ode (vs. normal hydrogen el ectrode in the same

sol utiog). of the dlﬂﬁ(ﬂﬁaﬁgﬂialljrl}ﬁgherThﬁxﬂlu&S%ﬁig% ouluy €y, s hynhyer e nmeasur ed

at tenper f B o} c cl usi ons
coul d be mag{ Tf? aC%Q e dra\}\rlﬁl\eLJnBfe esc@?%ﬁgﬁ’ 1goﬂ%ﬁreﬁp{8t gl\r%’!t of the positive
el ect rode Arefet:™but i nsi gni ficant decrease during the d| schar ge

process$22) the potldatvirual sidepsndense piiiheposiive eleeiserle notrntiskefdbe al nost
Ilnearly ddisthagge thrge.pr ocess; 3) as a result, the discharge curve in the

vol t agesgange bel OWyierB c¥mb a%a@l\mﬁferelctrmaaescm(i% 'P%teﬁf‘%f%ﬁa‘:ﬁ“ stic of
capaci tor S’Acce ed RS%]?%ﬁﬂn 1%9 tqr%.fj c‘é%ﬁcﬁorag&opcf(n ngot ?hgy‘)rgseélf V. 43. Since

t he oxidation-rate on er €s congd potential s

hi gher t hafvgnipn FW‘Wn?W@i?@%&r‘@’EC%P% PrApnrexigalhedey,  when (E
Y., = 1. omA/cm%maﬁujfcmﬂyomgh cpevificeeapatitince, ovhile ke cypadife dreailn quest i on,
UnBn f_ 0. 7rééchéﬂ433 TRE0 fe9ble@W Thest efalies SarvedodsiBdbiai n]ﬁﬂhdiiuith?l@ghé rer;tl ngf
specific e urren number o
charge |ch: d?:‘%@l %%%& topa&oﬁlﬂtﬁn ﬁir’rri%g after this,value was
reached 4 nternal SPR4H H"c%"c ng °n%€ UQT) FROVifiEs ﬁ‘ivﬁra] maxi num

extra gas phestese owerhithe t lepacitere @Emedatm P BRUHDBSDaend or accor di ng
to the prePEmRUIWEALL.0oN has a nunber of essential advantages over the

capaci t g5 descri be%ddﬁho\ﬁl%igﬁaﬁyéﬁféuntsdo@ ledd ﬁ)ofh%' 51’?&13% ﬂé@@?é val ue of the

maxi mum di scha or the

oot ot ype. BT RE<aRE i & 8%?“‘&%%‘51 PR GR Re eabet s her (W from
the vol t agéeayorkipg sarfpoerofispd)chectroda frertp 2pre penovpged wrrpRbigapen t he
capaci tancefthswahom gain in voltage results in a substantially higher gain
in speckgic ener gy Thé Dapsiiiof dcdobding @ eheChreachi hverfionhe sswdidnsaily aci d
el ectrol yt %ap'p;soxm{ﬁgiy 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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hi gher than that of the alkaline one, this results in an additional gain in
the specific properties in conparison to the prototype. 50. The specific
energy of the capacitor in accordance with the pre§%ﬁPVﬁﬁmwgﬂQﬁon as
calculated fromFig. 3is 58.9 Will. The specific energy of the electrodes
descri bedw(2/9182 Patent No, 4,313,084 and U.S. Pat ent PEGICARGE2, 511 does
not exceed 2 Wh/l. The conparison between the two types of EDL capacitors
clearly reveals that -the specific energy of the EDL capacitor 8 SUBSTI TUTE
SHEET (RULE 26) 4 Novenber 2005 WD 02/091412 PCTI CA02/ 00675 according to
the present jnavent.i i I i conventi onal
EDL capaci g%%g%i%ﬁpg gﬁtg\éff@gi%gk% g?. Hgstgg ﬁl%gﬁf;‘f %nr&%tﬁegﬁﬁé?' This is due
mainly to - P SEHHBUMEST 01 GYC & EPPAPPYERPHifer nmaxi num vol t age val ue
Ura, fof8the capadiddsionafeweitiimepnt of letrbpinsplnds; PbiBOtt> te 8- conpared to

t Ihe pri or pélirizableasléohodesctiva ifdsBminishes thierstilightidnwidnha gareing gf t hﬁ positive
el ect rode pat i : : 2Bpgonpared wit

el ectrode gfegsl%%?’t;@k lﬁﬁeéggé%%%%%gﬁgﬁme%%%%b A?)%L}I%l cation No. 2-11008,
the capacitor according to the present invention exhibited

char ge- di scharge current as HdypirisbAppligagiensat el y 100 rnA/cn? at
sufficiently high specific capacitance, while the cycle |ife already
reachedsgs 6800 cyd| @gpacildiesBorditlgUe Stha lpRese b &tftion Qiryvii0fRerat han the

corr espondids ¥kl chigy SRR kithnPREPIAbAS! Coblifn Pl pig 21t 4. The
capaci tor § §§g ng gﬁ Ehe esen entl on’ provil des vera advant ages
over the ¢ ff 18dp89 JEW/E pompraged 1 12 5P rnd £r88 SR o RRiehpl ImED 7/ 0041 1: 55.
Addi ti on ofessnid capamiontesonting te ik presentievendioa pllowbicsiepialgiaraligh

consi der abkyhnetMons 3 efmiechts afd@ BREhblihgasTdliF@est dontbii6R00f dpacitof esul t  of g

i ncrease i Q.uts -Ki c 0 pr onounce
hydr ophi | i g%tfelhgﬁ 0 lé(tcﬁ&c@ﬁ %’nfﬁl @%P&%hgaggaﬁggét%?bgﬁ.g%%d;%{o t he present
i nvent i on PEILGBRGeAES: a_ﬁ}’? pe %HBP&X?%P@PWE?%@%BQ C%Qfeaé?)g‘r"? This can be
easi |y exphBéawrsdby Kisepsisiign iim spafentle.t ydethex diesdpesitionag harighntallyyr ef ore | ar ge
ener gy consetfipiliypéici Theepdéithr bexordiy taitre roseat Aetitioa icdspapasdsd (PbO2 or
PbSO4, as i } ol i 3 Y 3a3 and

ber U, ol dBhoRSaRy gg%§%ﬁ§%b%He%g§%h%§gnt i éﬁgﬁ‘?‘&@?@%’s PbO2, PbSO4,
and PbO asmgg?%fga%% ofi&nts” of the non- pol ari zabl e el ectrode inits
common case, which causes no deterioration in 'performnce of the

capaci tor.

10
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57. . Addition of small anount of |ead oxide (PbO nodifies the structure
of the positive electrode mnimzing the degradation of said el ectrode
during cycling at noderate and high currents. ReversiNBYsmRey 289> hot h

el ectrochem cal reactions and changes in the pore structure are required
for ideal performance of a capacitor during the charge-di scharge process.
In fact, the pore structure grad%ﬁkgngegrades with the cycling. This

| eads to decrease in capacity of ectrode and in capacity and
specific energy of the capacitor as a whole. Degradation processes are

sl owed do | ow currents by 9 SUBSTI TUTE SHEET (RULE 26) 4
Novenber mﬁ%@&v§$%§¥§&l4lz PCT/ CA02/ 00675 addition of small anmounts of PbO
As a result, the cycleability increases by 20- 30% At equal nunber of

cycles, the specifi C&nﬁfe&ﬁcrdﬁﬁﬁ 1298 cA¥Hdr Sdnsing m%' bol@ﬂ?ﬂt[&t of |ead

phosphate ( to_the non- polari, abIe elect mass
di mi ni shes© Eﬁ'éwgdﬁi Bpds PlohPARY "Eaﬁé’“g‘ﬂi‘“? 1‘h§°be°1 e|e ?)h

i ncreasi ng 1ﬁc|h&i1rcglkehceabkidbfa)id Wad tshigate, o ecphilati (ayba\owﬁa% pdﬂlﬂmwl aI
Appllcatlon aC|t cording to, the rese n provides
ceveral & PRatol Ga TR ARE R PROR i RuBRBo e e ke, by

accor di ng rontyiBinggulfaricadd,(58. 9 Wi/ 1 conpared to 12.5 V%/l) and costs
approxi mately 10 tinmggee ﬁémas@ﬁo‘iﬁ%%&ﬁﬂf&&%@l ?@m&ﬁdé&% &y esent

i nvention all ows series an connections ofr el enent and
assenbl i ngfiem apopt G} B’rﬂ”ﬂﬂ'ﬂbPWa?Plt@Hs‘ %fandapacitor batteries. This

capacitor has an irppagfedithe ol¥aAbRARADILAIWnBER]&d. and
mai nt enance-free. The performance and properties of the capacitor are not'

affected by its position in space, i.e. whether it is positioned
hori zont al Ry, verti Tht¢ b:;pame:trmfcrdnm l:,aﬂaa@élhdre petar of the 14ad ih e pr esent

| nventt on bl SAREA! Eflees'slel D50 B5BLIPAL ¥, WER, VI NG 2t hi gh

accel erati suc T alrce cecraft etc. 10
SUBSTI TUTE SHEET (RULE 26) 4 Novenber 2005 CLAI I\/B Wlat is CI ained is: 1. An

el ectric dguble |aye'Th§@éE&'t&erf(ﬁ£lHPf'x§lﬁéi‘&nﬂ?c Idlaahé%lecﬁé)&ct? rode (5)

made of a porous carbon terial, a non-polarizable electrod
i ncl udi ng th@er R a%mnqwnﬁmﬁsata@ouat%fefﬂa?abw 026y abetaen t he
pol ari zabl gftheli@akilese and t he non-pol ari zabl e el ectrode, and an aqueous
solution electrolyte containing sulfuric acid, wherein the nass rati o of
the lead sulfate to the | ead di oxi de ranges

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.

11



fromabout 0.1 to 99%to about 99 to 0.1 % and wherein the polarizable

el ectrode al so contains lead. 2. The capacitor of Caim1l, wherein the
portion of the lead in the polarizable electrode FaNg&EEes dM%\bout 0.03 to
about 3% by weight. 3. The capacitor of Claim1, wherein the

non- pol arw@ &9¢d1e| ectrode further contains | ead nmonoxPERCAN0867Frass anmount
of fromabout 0.2 to about5% of the |ead sulfate. 4. The capacitor of
Claim 1, wherein the non-pol arizable electrode further contains |ead
phosphate in a mass anount of from about 0.1 to about 5% of the active
mass of thg electrgde. 5..Th acj tor of ai,m.1 erei,n the polarizable
el ectrode, g't he noﬁﬂ%(??pa?ﬂt agtl- §E’§Peictv?1?§:a%? %18015%@}3@? S‘f‘trogﬁd&‘f’he aqueous
sol ution eP@cpHEIZpble edscirodeniae seraraion and dhes aqueeys sqlpeeElsctralge pol ari zabl e
el ect r ode, car@isaarsingld aspazidal eell aldedtleast enanapatibe @ljarcampressade por ous, and
wher ei n t hBetwednbag: REsshid@ov@h 6E4 64k ¥hdodifp b 8t 18628 Bnd Gaph@WRkelt han the tot al
vol ume of the pores in the electrodes and the separapor. 6. The capacitor
of Caimb5, wherein the electrolyte-free portion of pore volune in both

el ectrodes and the separator is in fromabout 10%to about 50% 7. The
capacitor of Claimb5, wherein the case has an internal space and the
internal space is under vacuum 11 4 Novenber 2005 WD 02/091412

PCT/ CA02100675 8. The capacitor of Claim 1, wherein the polarizable

el ectrode, the non-polarizable electrode, the separator and the aqueous
solution electrolyte conprise a single capacitor cell and at |east one
capacitor cell is conpressed between case pressure covers of a case

encl osing the at | east one capacitor cell. 12 SUBSTI TUTE SHEET ( RULE 26)
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