A MULTI-ELEMENT ELECTROCHEMICAL CAPACITOR AND A METHOD FOR MANUFACTURING
THE SAME FIELD OF THE INVENTION The invention relates to electrical engineering, in
particular, to the manufacture of electrochemical capacitors having a combined charge storage
mechanism and other girnMigIECRI g BN BIECIHCPRDGHENVAGSL BAXHERDORD OF THE
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electrodexfagdied tdettirodestahddmldgpact therefrom by a separator, the composite electrodes being
coiled together into a roll.

This design gives rise to unavoidable problems in providing reliable low-resistance
contact between the electrode and the commutator. Furthermore, discontinuity of the electrode
material may cause undesirable reaction between the electrolyte and the commutator material
that may, in turn, reduce the operating voltage of the capacitor by the electrochemical
decomposition potential of the commutator. Absence of insulation between the adjacent
capacitor electrodes is another major deficiency of the design reducing voltage and, therefore,
specific energy of the capacitor. As a result, when capacitor sections are connected in series the
potential differentials of the electrodes may be double the operating voltage of the capacitor
elements. This is likely to initiate electrochemical electrode reactions limiting the lifetime of the
capacitor.

A prior art method for manufacturing a multi-element capacitor is described in
Application PCT WO 2009103661, cl. HO1G 9/155, published on August 27, 2009, 34 pages.
According to the prior art method, an electrode is placed between two separators that are actually
separating bands, with two composite electrodes placed at a distance d between them on the top
band. The bands and the electrodes are then coiled into rolls.

The prior art invention is disadvantageous because the multi-element capacitor comprises
individual components in the form of spaced electrodes that are difficult to be combined into a
multi-element assembly, particularly in a continuous roll-making process. The use of a

multilayered composite structure comprising an electrode applied to the metal commutator
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surface is another disadvantage of the prior art invention. SUMMARY OF THE INVENTION  Itis an
object of the claimed invention to improve the structural elements of a device and develop a sectional
rolled multi-element electrochemical capacitor free of the deficiencies of the closest prior art invention
and capall¢aot #taiothgrspsifienthge af i Hios arakingritianpracticable technological and economic
optionto use.  Improving the specific characteristics of the electrochemical electric energy storage,
maintaining stability of the specific characteristics, and extending the service life are the common
technical effect of both the method agid thiel ABWCOF THENENtgENTId@INlesult of this invention is achieved
in a multi-element electrochemical capacitor that comprises at least one layer of electrical insulation
film having alternating electrode sheets of opposite polarities spaced apart by a porous ion-permeable
separator that dtdydaasijecndhtheldainsal imgedtivandiimptbeeftie stnottheledienmatingfsindevicbeamdg)
coiled intg a roll and impregnated with electrglyte. Moreover, each electrode sheet is a substrate made
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and met% one side or both sides thereof, or therein, said electrode being an electrochemically active
layer containing nano-sized particles of metals or compounds thereof, or redox polymers.
Furthermore, the electrodes of the opposite polarity electrode sheets are made of nano-structured
carbon materials of different types. One of the nano-structured carbon materials has a maximum
possible specific surface area and a relatively low conductance, while the other material has a
relatively large specific surface area and a relatively high conductance. The capacitor further
comprises contact electrodes connectable to the central and peripheral electrodes.

The substrate may be made of an electron-impermeable, ion-impermeable material that is
chemically and electrochemically inactive in the material electrolyte.

Carbon nano-tubes of only a few layers may serve as one of the nano-structured
electrodes, and activated carbon, activated carbon black, carbon impregnated with metals, and
nano-porous carbon material based on carbides of metals such as Ti, B, and Si may be used as
the other nano-structured carbon material.

The material of the positive electrode of the electrode sheet may contain nano-sized
particles of metals such as manganese, mercury, silver, and nickel, and metal compounds such as
manganese oxide, manganese hydroxide, mercury oxide, silver oxide, lead oxide, lead sulfate,
nickel hydroxide, and lithium-cobalt oxide. The material of the negative electrode may contain

nano-sized particles of metals such as zinc, lead, cadmium, iron, and lithium, and metal

2



compounds such as zinc hydroxide, zinc chloride, lead sulfate, cadmium hydroxide, and iron
hydroxide. The electrode sheet in contact with the electrical insulation film is placed with its
electrochemically active layer up with respect to the electrical insulation film, and the next electrode
sheet is pampdutiraochvdthzinshiffdrauiletozivadf shivrddiHeatitel fircteadheunichlvagive @yeithereof
such thaiglgie electrochemically active layers of the electrode sheets are facing each other and are
interspa rkS’))/(';g%orous ion-permeable separator. The electrodes of the electrode sheet may be
attached to the Shbstteteradesisheessioontact veithuthe stletaneadf isailnibmdiirheisqylnexiedith dts
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material of a high pore ratio, covering the substrate with an electrochemically active layer
containing nano-sized particles of metals or compounds thereof, or redox polymers. Opposite-
polarity electrode sheets interspaced by a porous ion-permeable separator are placed successively
on at least one layer of electrical insulation film, coiled into a roll around a central electrode, the
outer surface of the roll is connected to a peripheral electrode, and the roll is impregnated with
electrolyte.

According to the method, the electrical insulation film layers and alternating opposite-
polarity electrodes sheets interspaced by an ion-permeable separator placed on the film are
spread in parallel planes.

The outer surface of the roll may be connected to a peripheral electrode by a contact
electrode that serves as the outer surface of the roll, and the rolls is placed in the peripheral
electrode. Furthermore, after the roll has been impregnated with electrolyte, the end faces of the
peripheral electrode may be closed with covers made of an electrical insulation material. The
central and peripheral tube electrodes may be made of aluminum or alloys thereof, and the
covers are made of plastics.

Carbon nano-tubes of only a few layers are used in the claimed method as one of the

nano-structured carbon materials, and activated carbon, activated carbon black, metal-



impregnated carbon, and nano-porous carbon material on the basis of carbides, such as Ti, B, and Si
carbides, can be used as the other nano-structured carbon material. The method also provides for
the use of carbon nano-tubes of a few layers obtained by pyrolysis of a mixture of a gaseous
hydrocarivpreyrdtesideogen and imonp@szaibbh tatdlinhonairpesificos eeidieeareachfasaaq, B, kD0
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hydrocarbon, with ethanol used as alcohol.

Furthermore, carbon nano-tubes of a few layers are further treated, following
manufacture, with oxidizing agents, ultrasound, or water in supercritical conditions.

The method may use activated carbons produced by forming a synthetic monomer in
fluid followed by carbonization and high-temperature vapor-gas activation at a temperature of
600 to 1,100°C.

The method may use nano-porous carbon materials produced from boron, titanium, and
silicon carbides. They are further subjected to high-temperature thermochemical treatment with
chlorine at a temperature of 600 to 1,200°C.

To prepare an electrode mixture, carbon nano-tubes of a few layers and activated carbon
are mixed at a ratio of 1:3 to 3:1 in ball mills until a grain size of 10 to 100 nm is achieved, sifted
on typical 100 nm mesh sieves, and treated by ultrasound to give maximum uniformity to the
electrode mixture.

The nano-tubes and carbon black are mixed by layer-by-layer centrifuging in a
centrifuge.

The positive electrode of the electrode sheet is manufactured from nano-sized particles of
metals such as manganese, mercury, silver, and nickel, and metal compounds such as manganese
dioxide, manganese hydroxide, mercury oxide, silver oxide, lead oxide, lead sulfate, nickel
hydroxide, and lithium-cobalt oxide. The negative electrode is manufactured from nano-sized
particles of metals such as zinc, lead, cadmium, iron, and lithium, and metal compounds such as

zinc hydroxide, zinc chloride, lead sulfate, cadmium hydroxide, and iron hydroxide.
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The positive electrode of the electrode sheet is manufactured from nano-sized particles of metals such
as manganese, mercury, silver, and nickel, and metal compounds such as manganese dioxide,
manganese hydroxide, mercury oxide, silver oxide, lead oxide, lead sulfate, nickel hydroxide, and
lithium-cobalt oxddesldhideghtsteicisistinde [s/roavarfagtarasbitene metosizagepsiticlesngiriveig@lensuch

as zinc, lead, cadmium, iran, and lithium, and metal compounds such as zinc hydroxide, zinc chloride,
o e e s O om  Sa sab e S  aahoring
a substrate withTasekpaogOMcQMPENGI30 kdeqiphide ixtsubstispénsenholuftiasonderitheeféeganic

solvent, Wpi%]#s ii?é)r%ganol or ethanol. The electrode mixture may also be applied to a substrate
in powde? form underrthe Gftect of electrostatic forces. Following the application of the electrode

mixture, the resbthoiveigchedppivatbisqfldueelevtradeaniatire) et osbaltantlerstgragbitesfad placed
whereupon it is heated tg a temperature of 120 to 150C and subjected {q pressure ranging from 0.5 to
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as polyp}&?ﬁg %Iﬁ?% ensity of 15 to 40 mg/cmz2, or an ion-permeable polymer
membrane mad& pbpmlylsepaiatod afotmd Gotdals fayethithicknpieggbetec witkdebgca dhgtk anehdoateining
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armmoni (TR HREYBI BUTb L8 G ok L A TAER G P IS B RM i So hOShite o
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propylenecarbonate, or formamide, or a mixed electrolyte containing a solution of zinc chloride in

acetonitrft8, BIFBrg&hid e IeBRIME 3 CaRCAYTIBL TR SHRSNBAdE (RS YBPRZAREIAZ P YO F9nks 1B
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method may provide for coiling several parallel electrode sheets into a roll that is placed in a container
of parallelepipetIeB{indAEEP bg e I8 RID A CFRITTEONRI D FotyiierD RAGIN R ammonium  or

imidazole base cations and anions including tetrafluoroborate, hexafluorophosphate or
triflatimide, or bistriflatimide, or tris(pentafluoroethyltrifluorophosphate, in acetonitrile, or
propylenecarbonate, or formamide, or a mixed electrolyte containing a solution of zinc chloride
in acetonitrile, or inorganic electrolyte as an aqueous solution of a potassium alkali. The roll may
be impregnated with electrolyte in a vacuum chamber under a residual pressure of 10 Pa.

The method may provide for coiling several parallel electrode sheets into a roll that is

placed in a container of parallelepiped or cylindrical shape.
BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a diagrammatic view of a multi-element electrochemical capacitor;

FIG. 2 is a diagrammatic view of the structure of a multi-element electrochemical
capacitor, showing diagrammatically the stacking of electrical insulation film and electrode
sheets, with a porous separator placed between them;

FIG. 3 is a diagrammatic view of the structure of a multi-element electrochemical
capacitor, showing the location of electrodes of an electrode sheet coiled into a roll;

FIG. 4 is a view of an electrode made of a composite nano-structured carbon material
consisting of activate FAS carbon and carbon nano-tubes;

FIG. 5 illustrates an example of a cyclic volt-amperogram of a three-element capacitor
manufactured by the claimed method and comprising two electrode sheets, each of them having

two electrodes of a composite carbon material attached thereto and spaced by a porous separator

5



FIG. 1 is a diagrammatic view of a multi-element electrochemical capacitor; FIG. 2isa
diagrammatic view of the structure of a multi-element electrochemical capacitor, showing
diagrammatically the stacking of electrical insulation film and electrode sheets, with a porous separator
placed betadeoftRRMDF trdckcmBrisheadiadiraproyatitettigvitiofitmicstiuiciue DbatyiBthedtiyleinbidazole
electroct}e{niﬂal capacjtor, showing the location of electrodes of an electrode sheet coiled into a roll;
FIG. 4 is 5 HEWPH fectrode made of a composite nano-structured carbon material consisting of
activate FAS carieneaitidstetesoamaxeriplaep charfd@isshiugdraye ke at exédgdenofiiacapeabitor having

volt-amperogr f a three-element capacit ufactured by the claimed method and comprising
two eIectidggeogﬁcg%?@538@%@@%%\9%56“%%%&1%3 of a composite carbon material attached
thereto and spaeksl Gyilustratessasepanattle of adécolbBEMDOT thalgerdistheage snsrpyeghatEstslathaonic
fluid of 1-butﬂyl.—3- ethﬁll-ﬁiﬁ%%& 4te raFu roborate;  FIG. 6 illustrates an exemplary

charge-d?gg %1'}85 (%yé & RIement capacitor having 1 M of KOH electrolyte (charge current 0.4
A); and  FIG. 7 illustrates an example of calculation of charge-discharge energy of a 15-element
capacitor having EMIN, BEA BIeColYSF THE EMBODIMENTS OF THE INVENTION

The multi-element electrochemical capacitor (FIGs. 1 to 3) comprises a layer of electrical
insulation film 40, an electrode sheet 10, an electrode sheet 20, and a porous separator 30 placed
between electrode sheets 20 and 10. Electrode sheets 10 and 20 each consist of a substrate 11
and electrodes 1 and 2 attached thereto in succession. The thickness of substrate 11 in the
specific embodiments of the claimed electrochemical capacitor may be selected within the range
of 5 to 150 um, preferably from 10 to 50 um, and the thickness of the electrochemically active
layers of electrodes 1 and 2 varies from 100 to 500 um, preferably from 300 to 400 pum.

FIG. 3 illustrates the principle of making a roll 50 by coiling a band around a central
electrode 13. Lengths of electrode sheets 10 and 20 are placed on the substrate with a shift of
one-half of the electrode width, their electrochemically active layers facing each other, so as to
produce an alternating pair of opposite-polarity electrodes 1 and 2. The resultant roll 50 is placed
in a peripheral electrode 14 provided with covers 60 at the end faces thereof. Covers 60 of
electrical insulation material are normally inserted after electrode roll 50 has been impregnated
with electrolyte. Electrode sheets 10 and 20 spaced by a porous separator 30 as described above
are placed on electrical insulation film 40 and are subjected to heat treatment under pressure
(lamination). The resultant band is coiled into roll 50 comprising one layer of electrical
insulation film 40 and lengths of electrodes sheets 10 and 20 placed thereon in opposite
directions and shifted relative to each other to half the width of electrodes 1 and 2 and having
porous separator 30 placed between them.

To obtain an electrode roll, contact electrodes 12 of the electrode sheet extend beyond the
endmost electrodes placed at the opposite ends of the resultant band. One contact electrode 12 is
connected to central electrode 13 by coiling it around central electrode 13 of the band. The other
contact electrode forms the outer surface of the roll and connects the outer surface of electrode
roll 50 to a peripheral electrode 14. This design provides reliable electrical contact with
peripheral electrode 14 and helps seal off the interior of the multi-element capacitor. The

outlying electrodes of the electrode sheet are brought into contact with contact electrodes 12
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DESCRIPTION OF THE EMBODIMENTS OF THE INVENTION  The multi-element electrochemical
capacitor (FIGs. 1 to 3) comprises a layer of electrical insulation film 40, an electrode sheet 10, an
electrode sheet 20, and a porous separator 30 placed between electrode sheets 20 and 10. Electrode
sheets lthatelo?Q eactiuctinsisdrbba sabsicdteol bainthbegtaptits fbind 2 attached thereto in

succession. The thickness of substrate 11 in the specific emhodiments of the claimed electrochemical
capacitor may U SHc SN ohet g 570 A SR ooa AeP o) il 26 8 BHI A e
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preferably from 300 to 400 pm. |, FIG. 3 jllustr the principle qf making a roll 5Q by coiling a hand
Bround abline B ree SO Al B el P Iara el e BAtal wi
a shift ofedentrbedb oT tipécal BGtoodersvaitinftbieictdtad thosthativic alixterdbiver talysestéacafig reglebtatieroHo as
to produ n alternating pair of opposite-polarity electrod and 2. The resultant roll 50 is plaged in
o periph el B R DR B DO ol AL B RV P LD 8P
insulatiorotlederiedtevdenoit vl lyroseitel] oitex aiguyodetral cbthpambdasctnprepoagadsivith electrolyte.
Electrode sheets, 10 and 20 s d by a porous separator 30 as described above are placed gn
clectrcal imsula St A0 et e LA ot B B A L L AR e
resultantdisprdsisc ofataraforedh H0etantnpdes imgxane [agparet éreatrioejansutddcirofiita 40randlisdgtns of
electrodes sheets 1Q and 20 placed thereon in_opposite directi and shifted relatiye to each other to
et the BN D e 00 e L B g B e e TS B0

obtain arbet\@etrodelralhocdr?aby aléicisodes digpeftiva eletttroute slbettesodvahisezadaed tHelvdrd dsy
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Typically e jcal insulation material are inserted after electrode roll 50 has been
impregngtcg%%%%%%%?O@%R'The contact between cover 60 and end face edges of coiled electrode
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weight reappstisiebeoélavaiotie fiviatedanpleletinolyte betwend 1metahdcorRopndgagoniextigpdesiainowith

ith , d . ' [ Th
ook R A1 e S o GRS RS MR e T
obtainedmvwdmmiam;héﬂﬂi_eaamptmaét@anmmetm@alqﬁmMéamaerﬁmﬂ\@@ﬂd@wm hatkls, such
as, for exampler ANGAIGRP oAUNRE et Bb AL At BAF RLARTBROUIYS dREASAIBRIR AR AGRAESS
ydroxide, an red% ot

oxide and nickel | X X polymers, to the composite electrode mixture comprising, for
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in aqueous solutions of sulfuric or phosphoric acid at a concentration of 1 to 30 mass %, in
aqueous and nonaqueous solutions of potassium, sodium or ammonium salts of organic and
inorganic acids, for example, sulfates, chlorides, fluorides, phosphates, diphosphates, acetates,
tartrates, and formates of alkaline metals, or ammonium, or complex compounds, and also in
aqueous or water-organic solutions of alkalis at concentrations of 1 to 70 mass %.

Addition of metals, their compounds, or redox polymers modifying the structure and
composition of the surface layer of the positively charged and negatively charged working parts
of the electrodes may improve the performance characteristics of the electrodes and the capacitor
as a whole, such as energy output growth as a result of reversible redox reactions, higher

operating voltage, and improved mechanical properties of the coating. The content of metals,
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The electrochemically active surface material of the negatively charged working part of the electrodes
is obtained by adding, in a chemical and/or electrochemical process, nano-sized particles of metals,
for example, zinc or iron, and metal compounds, for example, zinc hydroxide, iron hydroxide, and lead
dioxide, areiedompolyiiers:; teddie pdynpersite e ditveks/enixtuge ovsnrisinginfdimexamag! i, exadzond,
nano-tubes of a few layers and activated carbon black.  The aforesaid chemical.and/or .
clectmocH AT SR of IR CHCeLSRY S0 Y8 HR LB LB BomAEHA e
claimed elgretrinedreatigah capasiectifitagate carried out in aqueous solutions of sulfuric or phosphoric
acid at a concentratian of 1 ta 30 mass %, in agueous and nopaqueous solutions of potassium
Sodium or ammaFH RS AR DAY AL ) IR SOBL e e s,
phosphateswitiphaosspiates, @céiatelkctevtatdweandiforroatedind atkabipe metasatinguthenooiposive
complex qoggptaunds, a% alcfo in aqueoustor aéer:org%nic iplutions of alkagis at concentr tio:ﬂ? of 1
to 70 ma&s90C AHGHA RS H?é?é\%??ﬁ%f?@&%@ UHAE "3r FOUE TR hidbaRHYHTE IS IE and
compositompbdhe sledincdelayatedtithie posttiveticeh@Qedamniitioagativély praigedhearaitgqansmf the
electrodes may improve.the performance characterjstics of the electrodes and the capacitor as
hole, scRHPRRe NS T SO 20 ZRties R o RSB T ettt
voltage, arateniaprane dpoecisasepatgioop8ties ofrtherudtitelgmEne capdeitdrofooitdalantthenltobipaunds,

or redox gol mers i (’:18'[’ ha ever, to go over a certain limit that, if exceeded, causes the strength of
ug rcrltlca]lf &con itions. . o . : . .
the electrochemically active Tayer to decline. This limit is ascertained experimentally in each specific

case. Organibettettaliyte issaddediimpegphting eachedesol | HEp e sionrgaaimeritrelgtaribiites anth or

without sglyeqt, o.fhe sisirods, sheehpriento.collng. o1 by impreonafing e comagslts slectrode
material and porous separator uring the coi mgﬁ) process, or by preimpregnating compaosite
electroddatnafiedad horate encriticabQ@iccsnblitionsfar yapipkbangibmmituile;elemenhoeghatectadifed into
roll 50 in lectrolyte path, ot by impregnating the co site electrode material an ou
separato(r:%%crﬂﬁg ‘)f{nsﬁqFﬁe‘{)]er"rr?)ér?t>< c'ap&g%ﬁo% ééllgét?ﬁ éaﬁﬁ%oﬁ'ﬁ%sgﬁie"r%n ical %C@gggﬁd%%\ﬁeﬁ’ forThe
electrolyexamptk facatopitriaatingre ieongsiécrel e Sipoiytan forgexdin plecamlyoeit sl isi ams arb poigssaim
solution bysge of. forexeOiPle, Ammenmsiaalkyl an Aol midazalselrafiyprograle. inan
organic solvent, Tor example, acetonitrile; or a mixed electrolyte comprising a solutidn of an Inorganic
salt, for exwmierpiesicinat piekstickeoirl @R @rganic solvent, for example, acetonitrile, or an inorganic

electrolyte, for eﬁ?emé;lle%tr%% @g@fg@%ﬁ&%ﬂ&%ﬁ&@?@%@% BIREHOe %gggﬂs é@‘x@ﬁ%ep gyt

electrolyte in a vacuum cham xample, pressure of
electroctadentezdeapeatitdiOnaay OmPrieeelentasleshegicosiseeeral perallell plachitslectbents dd stnele?d 10

and 20. %ﬁ%?@éﬁ%iﬁﬁﬁ%&%li%’ﬁ% 8@@%}0‘*Iﬁ‘ﬁ?a‘?&ﬁge%%%dk?h%eﬁe&'gt??%élﬁgreg”ated with

electrolyte e placedinap pip aped'casi n mical capacitor
assembled as ddsaierithelirmicah capatytdorassambiidtesudrscibedngiove ithecade figy thaneditieisiies of

preforably ol DL T Gt e A 6 e PRI el W oeehaich Siaee

galvanoseitipatatities Mithitithe! kelegrrokBe toi6aPCapretimis) vapé Gfith ddte dlaetsosisamieal dapacitor is

ggéi':ﬁhgﬁ{ggﬁgg':ﬁ}g@ gﬂgaﬁggﬂi}?"rﬁarP%ﬂW&#@”ﬁmrq}{eaﬁgl\‘?%ﬁa%t%o%f e RIRRINC S0 9Ehemical
capacitors are connected into a battery in a parallel-series circuit that achieves optimal energy
and power output of the electric charge accumulated by the capacitor.

Furthermore, in contrast to the immediate prior art, the electrochemical capacitor
improves specific characteristics (specific energy output, energy density, current density, specific
power, specific charge, and voltage) in comparison with conventional electrochemical capacitors
having carbon electrodes and using a twin-layer charge accumulation mechanism, or chemical
current sources using reversible redox chemical reactions, at approximately equal material costs.
This helps achieve the claimed objective of developing an electrochemical capacitor having
practicable specific characteristics that make it a suitable technical and economic choice for use.

The feasibility of the claimed multi-element electrochemical capacitor is illustrated by the

following examples:



Furthermore, in contrast to the immediate prior art, the electrochemical capacitor improves specific
characteristics (specific energy output, energy density, current density, specific power, specific charge,
and voltage) in comparison with conventional electrochemical capacitors having carbon electrodes and
using a twin-layer charge accumulation mechanism, or chemical current sources using reversible
redox chemical reactions, at approximately equal material costs. This helps achieve the claimed
objective of de\%@'&ﬁ%g;n electrochemical capacitor having practicable specific characteristics that
make it a suitaldedenbhjas atiteecenomic cipicieofo Elsrodes Tieadedsipditykaftherdaierednade of

multi-element electrochemica citor js.illustrated he following examples: Example 1 . .
Wosermi) GV HiFel HETNET LA A0R LIS SHD BRGSO A e e P e of
activatedriérAuSean dvd N TASCIBO i liga ieh zeldedpyrabtsisada aatiatally st lcontHining feweizgn exf OItIAFC G
silica gel ed thereto, at a ratio of 1:1;1 of.a total weight.of.0.140 g. Following ball mill grinding for
20 minetEe BRI ) WG oo I A RO SRR Ab e s HTIEREY 10
W ultrascolotemuioesttiaey Were l@ppliadits GF D19raphiterdodriy sermsoltieparsiorapphedattjaGErD
electrodes were ced 5 mm apart. The electrodes were ced by a separator consisting of four
yers of TAR b 2 T G BP0 B S0 LR Lo PRy Bl 1B eRBetode B anc
membrartoredeimypnegpated hyth SegdMt@ b (bisnog)obfuarflaicrs-t® trackhoers i@ anechaving a pore
volt-amperogr charge-dischar te of 50 mV/sec. The specific parameters calculated on the
asie of CUR B kAL AONISREE ST 60 U5kl RIS T51S g B BT e LB AR A e
Edischargmi8BRAINMeikg ofdine WeighE i iesholiveaalgcliodelmmpeadgamal fficttnaye-féitige
Example 2 sempbl a 60-element capacitor. Electrodes measurj 0Q x 85 mm2 were made
of acthalale QL BIESED BAESPE N RGO By 0 SR By oY or AR E A A
ferrocenetaingecashiagebiack 3dded theree, & [atioat 2\&. hr/kgllandng,Rall i I3rming fey 26 tmanutes
and preliminary treatment of the carbon material solution in ol for 10 minutes by a 10 W
uItrasoniWE@}ycoe{?me et»’eergl?a‘ffb?fg%%teﬁDa aa% RS Bﬁg]e%sm dispersion in a layer 140 pm
thick. The electrode material weighed 46.8 g. The adjacent electrodes were spaced 5 mm apart. The
electrode were Egaceg zg)art by a porous separator consisting of four layers of track membrane having

a pore ratio of 1 thickness of 23 m. The electrodes and membrane were impregnated with
electrolyte, 1M pkie@iHIpalfitics0-WireentheysiaificEieraotietenseastiingatoolated mmthedrasismod dfita of

B L K B AT LA SRR s o
mm2 weferroeete ahd carkiond Rk Gildate thetEd and il afazi2on Gotéongngyathetihgemlingl¥srs20n a
o the odUIB0E: A AIANG DAL AT B SR el WS SFETA W A Sl 3™
minutes by Widwasdiigsonicsdbegewtne pppéiee ap@iedtgréifiil2 dodthytecfosd)ydspeosiohdispdesien in a
layer 80 EH& t].IJ:]I’IT%: lfhi-gpg'l%lg g‘é%?r%c@ ?nt(aatréﬁla V%QBﬁé’d 1ZIJ(SSSHQ]QT;]F(? gd?z!l%grt\rtoe eeéc’tr\évggg were spaced 5 mm
apart. The electrode were spaced apart by a porous separator consisting of four layers of track
membrane having a pore ratio of 11.7% and thickness of 23 um. The electrodes and membrane
were impregnated with electrolyte, 1M of KOH solution. When the specific parameters were
calculated on the basis of data of the voltage and current versus time dependence, the energy

stored was 2.7 W.hr/kg of active electrode mass.

Example 3
Assembly of a one-element capacitor. Electrodes measuring 40 x 40 mm? were made of a

mixture of activated PFT and UNT carbon obtained by methane pyrolysis on a catalyst
containing cobalt and molybdenum at a ratio of 1:1, with Pb deposited on the anode and PbO, on
the cathode. Following preliminary treatment of the carbon material solution in ethanol for 10
minutes by a 10 W ultrasonic source, they were applied to GF-D graphite foil by aerosol

dispersion in a layer 80 um thick. The electrode material weighed 115 mg. The electrodes were
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spaced apart by a porous separator consisting of one layer of track membrane having a pore ratio of
11.7% and thickness of 23 pm. The electrodes and membrane were impregnated with electrolyte, a
4.7 M aqueous solution of sulfuric acid. When charged with 2 V voltage, the capacitor stored energy of
27.7 W. hypgedf apatitvbyedquirodke sapassoE sanssling of oAsksmdy whck Theriprasnhavdipgcitpordiagtrodes
measuring 40 x085 mm2 v_vegre madﬁ of activated PFT-O and UNT carbon black abtained by meﬂglane
pyrolysis n]al'ge(falil/%?c@h? 1555 otk Bnd FoiGEEERARS &N RO AE, YERnIBP AR »
graphite yyesrafideda Foitawinguealisniblationing fnfadimisidey\and pelgpoaritieaineaiagdhenearbon
material solution in ethanol for 10 minutes by a 10\ ultrasonjc source, they were applied to a
nonWove?f“i?ﬁ‘ﬂ%FGW%@EWe?fb%/?a?eWéHﬂﬁgéH&%ﬁWﬁ FIeSQYe MAFHm thick. The electrode material
weighed 1.1 g and was placed on lengths of GF-D graphite foil. The distance between the adjacent
electrodes was 5 mm. The electrodes were spaced apart by a porous separator consisting of two
layers of track rﬁ% having a pore ratio of 11.7% and thickness of 23 pm. The electrodes and
membrane weraigupibpnates veithl atecirdpacitdvl | MIGtrddddeareiss ivinig H0id.08/hen’ thespeaiic of
parameters_werﬁ calcgfteaqon the%gsis ?;{Pe data f rvoltagle and current versus time dependence,
the disc oy AN UMBE SRR Alagk VLIS BHO WRIS R0t TREAMRE PRI UG rge

voltage afobalV @t hoR/Mddnike af actiyecelechodetnagsidhr 20ecelsciBBid-chargehveltage atigedy. The
specific er on discharge was. 13.5 kW/kg.of active electrode mass for the electrode charge voltage
PR SO N T S = W s R
What is clslimied i8:etharibl Aomiitheienee hyelednachrrmsoal cempaciothegwersipgp liddaast eneayer of

electrical insulation film and alternating opposite-palarity electrode sheets placed thereonin
uccessiBA MARHERE ¢ 54, Phy BT830 USRI mBab e IR thickie A e A5k itepBlous

separatoy/eRjRetcoiiegl it &/asllprash oh thagiestpdersieelafaidreisubmiraietatirobu@en Blymer

material having a r#{%h pore ratio andfrovided with at least one electrode attached to one side or both

sides theBBECBF BIRAANER W the! BRBLRFHIRARS W SIRACSH ZRETMDBAENR SR AP NRN

containing RAROrJeRA drarticle hriipriAiS K IhgIE GRIRP et BF arnredoxmPkniorAessher elegirpdenof the
opposite-polarity electrode sheets being made of nano-structured carbon materials of different types,

one of thlecaindestnduneaesBoNATatERRIEINARAY IR pApgeabiesEMEVs RfdricMertktécatedluit a

re|atiVe|Y\AﬂY¥rF9@§b‘ééﬁf@p§r@ﬁwé'?&sSW%‘P@@ﬂ&ﬁ]ﬁt@@r%ﬁtlﬂﬁé%ﬂﬁﬁt%%lﬁe %Yﬂqlﬂ)ﬁ\y@l?d@ée&}ﬁ(ﬁawﬁ'éﬂec”ic
surface area and a relatively high conductance, the capacitor further comprising contact electrodes

adapted Y8'BEHRACRANESIAR Lo fCBAIDBRPINY AFeIBLLIadvas 43 Wi ke sAartvaL aeko’d in
claim 1, wiesqit #he slbrbatecifariadeIRi@nelesomIMIE MERNIY R Adav mIBEFGIRaRIaRtee! that

is chemically and electrochemically inactive in electrolyte. ) )
electrode charge voltage of 60 V. The specific power on discharge was 13.5 kW/kg of active
electrode mass for the electrode charge voltage of 45 V, and 14.3 kW/kg of active electrode mass

for the electrode charge voltage of 65 V.
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3. The capacitor as claimed in claim 1, wherein carbon nano-tubes of a few layers serve as one
nano-structured material, and activated carbon, activated carbon black, metal-impregnated carbon,
and nano-porous material based on carbides of metals such as Ti, B, and Si. 4. The capacitor as
claimed in claim 1, wherein the material of the pasitixeéMsectrode of the electrode sheet contains
nano-sized particles of metals such as manganese, mercury, silver, and nickel, metal compounds such
as manganese dioxide, manganese hydroxide, mercury oxide, silver oxide, lead oxide, lead sulfate,
nickel hydroxid&yaaciditiaimeddhalt oxide, and the material of the negative electrode contains
nano-sized particles of metals such as zinc, lead, cadmium, iron, and lithium, and metal compounds
such as zinc hydroxide, zinc chloride, lead sulfate, cadmium hydroxide, and iron hydroxide. 5. The
capacitor as claimadinltlzienienivblestioctienétet tacke istre ed imposirgclt Matsttioas lager afl ehsutfédabn film
is placed. with jts electrochemically. active layer facing up from the electrical jnsulation film, and. the
et elocl SR GRELTTS S O e e AL M cany PlEce Tp e soecision
electrochenhsraibedapse By ensood ik éoaleetrodahhsmta ftmin e alcotaibe slesets et @ ondessgEpaeatdry a
porous ign-permeakhle separator, The capacitor as claimed in claim 1, wherein the electrodes
ot the el R UE T ol el e TS S s SRS n BT o
claim 1, wheneah hheiogeehighrface @tithenibisvidethadte dtttetlaeqnerghetradie ktichee toyoascsidtaat
electrode, fhe gllheing-placedin e peripheralelseliode made gl meial jubing fhe snd faces of the
peripheral electrode being providéd with' covers. . A'methdd Tor manufacturing a mult-elément
electrocHeyeicabotgdaicito nacorjzedippbicean gnedadsr ad etmiktooegpoandajnangredmosttvctens ditarbon
materials, LAfRrenURes, s of he.nano- el ed sacoan maleials haying (e, argest passible
specific sufface area and a refatively low’conductance, and the other nano-structured carbon material
having anmetatiatdydardidfepacifigpssrface afethanmdzoreiativelythginbonn thattaiatse havamy fHetudrgest
opposite:palatily slegheds sheets v, apalying 60 olpghads e o npside oy bt sdes of. g
embeddihg it within, a substrate made of'a honwoven polymer mateérial’ having a high pore ratio;
producingatarsdsdrswivydratee bt edbclengh eprcdlly autace lager avhtainlagvebnbigizednpadiates, dhenetals
o et ORI BICoN NS BEC e eSSl e AR ARSI BINERIBTTER
insulation Tilm opposite-polarity electrode sheets spaced apart by a porous ion-permeable separator;
coiling theetigieamalielecirodisaround a central electrode; connecting the outer surface of the roll to a

peripheral electiode, é@%ﬁﬁ}?%ﬁkﬂﬁ]@aeiﬁoﬂlé{ﬂﬂ"df'%@ﬁ’é?@{hex e SL??ST,E{F %emg&a&cgamgafgn@'wm
8, wherein the outer surface of the roll is connected to the peripheral electrode by a contact electrode
that forminghesroeab lesanthios ofmpry mekhibhes ereder ind tthehaspehéprieally eladtede it ot mich fycks asive én
peripher%lleeclﬁgﬁgt)éje being closed with covers made of electrical insulation material after the roll has
been impregnated with electrolyte. 10. The method as claimed in claim 9, wherein the central and
peripheral electbodée appasiteteasictaivied of alaimidumbeneimioriotheanoftabes thitactsvelsyers saade of
plastics. as one nano-structured material, and activated carbon, activated carbon black, metal-impregnated
carbon, and nano-porous material based on carbides of metals such as Ti, B, and Si.

4. The capacitor as claimed in claim 1, wherein the material of the positive electrode of
the electrode sheet contains nano-sized particles of metals such as manganese, mercury, silver,
and nickel, metal compounds such as manganese dioxide, manganese hydroxide, mercury oxide,
silver oxide, lead oxide, lead sulfate, nickel hydroxide, and lithium-cobalt oxide, and the material
of the negative electrode contains nano-sized particles of metals such as zinc, lead, cadmium,
iron, and lithium, and metal compounds such as zinc hydroxide, zinc chloride, lead sulfate,
cadmium hydroxide, and iron hydroxide.

5. The capacitor as claimed in claim 1, wherein the electrode sheet in contact with the
electrical insulation film is placed with its electrochemically active layer facing up from the
electrical insulation film, and the next electrode sheet is shifted to half the width of its
electrochemically active layer, the electrochemically active layers of the electrode sheets facing

each other and being interspaced by a porous ion-permeable separator.
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11. The method as claimed in claim 8, wherein carbon nano-tubes of a few layers are used as one
nano-structured carbon material, and activated carbon, activated carbon black, metal-impregnated
carbon, and nano-porous carbon material based on carbides of metals such as Ti, B, and Si is used as

the other nano- Str‘ll]nwcaphchdbtw ohatasdlin claild. 1T heheneith deb atectevacointictadiactodesihgetarbon

nano-tubes of a fe ers roduced b rolysis of a mixture of a gaseous hydrocarbon and hydrogen
and mea@@?ﬁ%dst?o HR%t g.be '&f?é'%‘i?r%%{) "area of 500 to 1,000 m2/g, and specific conductance of 10
to 100 Sm/cm. 7. Th cajpexioeiroclamethimeldim ¢latvhe1@nM1m0etrerpsuﬁWs;ﬁft& mailttisrecpihacgakeous

hydrocarpon and h rried out at a te ntaln d Wthl the ra 900C
and pres LR o B PR B RO L BRGRd aR LB PSSR e
used as maaeadf/at,ewhmbatgrﬂtegaajdamphm pmnbh&aieﬂemtatbgllemawmedbdmﬂtle QREENUS
hydrocarbon. (‘)[ 3 ethoda almed in cI imll u r] %on nano- tube of a few.layers
produced by py?o@sf‘s)e Py r?f%dt‘é“b 5%‘&#8%&{8 Jd?!?éﬁ?%ﬁ %% ONGR! carig! %é‘?ﬂ&ﬂ%
claimed ipreﬁamnglé{emth&tmqu}aucﬂysterﬂﬂnmngxtame -gtiractaednoatio hydstecelb @i diftkedcbtyplers oaened
out at a temperature maintained ﬁllthlnt e.r eof%ﬁfﬁtp 900tC an ressur. Wlth the range eofO 1
to 1.0 Mﬁmor%‘ou Hécﬂté%%ac%r ottty g gres LPn?s SRR Tcogitidcs RAET F'
benzeneralativelydne arendsetdras aandrttmattbdnymkmmathmwradobetmranmhaeedaédhaasrwca)mellatlvelﬂG

The method as clatrn{w:ed 'Pace of cIa sl |vel15 I-bereln carbon na'n_o -tubes of a fe[\év Yer are
o}

subjectedPte T RReT treAMERCHy o %HS aagens A4S0 AR WATST Ty Superehbeal Enditions.

17. The mletirodeashekisgchppblaignahlelbatiiode using @ctovatedscirbohsredeased, wy wrabéddimagidn of a

synthetic THpnomer foIIowedE@g § rbonization aqd hi egt?nteggpehature vaﬁqh %as ac tvatlon at.a

temperature oF 86'895” R RO 55 CRmad Tn cidim e? UsiR [:1091%%'8 Stous

carbon nsatétsalstodtttame&jdmtrmlhmmaltﬁantwa lared ciitaniogroddesstiret padisldsjettadtadsfartherr
high- I
e e L e

y mixing car
nano-tu bmsmataaofevﬁlIay@maameaml‘aatgdatwbodeasbemlcspﬁcbm a1l by tmlpmmmprmd@emgagbmns

meas““'%%ﬁ%*?ﬁttt %%ﬁ‘i’n&ﬂe’\%‘yé?? it ?35?%8& el %I&ft rolde C%‘bﬂﬁ%@ﬁnﬂ%ﬁe"&ﬂt@rosﬂﬁ‘aé‘@gf

treated asound Ive’maximum uni orm e electr mIXtu
the roll to a perlpheral electrode; and |mpregnat|ng the roll with electrolyte.

9. The method as claimed in claim 8, wherein the outer surface of the roll is connected to
the peripheral electrode by a contact electrode that forms the outer surface of the roll inserted
into the peripheral electrode, the end faces of the peripheral electrode being closed with covers
made of electrical insulation material after the roll has been impregnated with electrolyte.

10. The method as claimed in claim 9, wherein the central and peripheral electrodes are
made of tubing of aluminum and alloys thereof and the covers are made of plastics.

11. The method as claimed in claim 8, wherein carbon nano-tubes of a few layers are
used as one nano-structured carbon material, and activated carbon, activated carbon black, metal-
impregnated carbon, and nano-porous carbon material based on carbides of metals such as Ti, B,
and Si is used as the other nano-structured carbon material.

12. The method as claimed in claim 11, using carbon nano-tubes of a few layers produced
by pyrolysis of a mixture of a gaseous hydrocarbon and hydrogen and measuring 5 to 50 nm,
specific surface area of 500 to 1,000 m?/g, and specific conductance of 10 to 100 Sm/cm.

13. The method as claimed in claim 12, wherein pyrolysis of a mixture of a gaseous
hydrocarbon and hydrogen is carried out at a temperature maintained within the range of 650 to
900°C and pressure within the range of 0.1 to 1.0 MPa, compounds based on cobalt and
molybdenum are used as a catalyst, and natural gas or propane, or butane, or ethylene is used as

the gaseous hydrocarbon.
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20. The method as claimed in claim 8, wherein the positive electrode of the electrode sheet is
manufactured from nano-sized particles of metals such as manganese, mercury, silver, and nickel,
and metal compounds such as manganese dioxide, manganese hydroxide, mercury oxide, silver
oxide, lead oxid®4.|ead setiade aeiclaﬁahleydmhim mmﬁﬂmm@baﬁn@xidbemfohtmmegaﬁ\mwmmde is
manufachyed fr m n no- 5|zed p rticles ofagn suc i%j cadmium, iron, and lithium, and
metal co SO ZLI%EH &fb?zfa@ haX cadmium hydroxide, and iron
hydroxide. 25. The memhmﬂascwamednrcmanma wharam @ncﬂmroﬂa shigalrs shanudeahatec by
applylng uspension ctrode.m xtu e d|s ersed by ultrasound |n or anic solv

e T e A T e e AR
organic gf0ehand pr2sSsufbevitidthivd eshgéaahed to ¢laiviisg, whm;murtdjsakmmtmdeommurmwamﬂubd in
powder form to the substrate unde the effectP ctrostatlcf rc e method as claimed in
claim 8, WREPERNe PEELtAiT elllég ote %h%aé? %SEIacé]& eg?te?n[%u Ilé%q(?oééemtl'x?gr MhalpBEE Blied
thereto, diydramantant ehecttbalebisalsedagralpbitel foil and heated to a temperature between 120 and

150C and pres;eéi ssure of 0.5ta 1. O MPa hod clal ed in clai herein
the porous separ atﬁ] mrﬁg% up of%%'m{eo 10 f/) rgs!a}!s,maszf]l’sé tgﬁe?ﬁeﬁ 5?{@ aﬁaﬁgctur%ofiggﬁ p(\)?llymer
film 3 to $em thicks adra poigectdd of Adteer @%ataredtpoyesiatzih @ .O¢eds.Aljpaeowrca sheelvater in
nonwoven é/r?eglrregﬁ rl[al such as polypropylene 10 pm thick at a density of 15 to 40 mg/cm2, or
ion- perme Sle po(fymer MemBrane manufactured from polybenzimidazole 10 to 15 pm thick
impregnated wittY eléetnobiteodrnd dantmmmgclhtm 10 marsisep aism @ beteatenl ydarbons zﬁod[lued’fwtlmmﬂ as

c electrolyte

claimed |p clal{n v,yherelnt e electro edf rlmprel%]atl the rgl is.an or
ion'of. a sgﬂt B SO foNlowe n%% Nization dr h A loly
comprising an organic $ ution co aining cations based on ammmonium of IMidazo e, Atons

includingatsivatioo ritacietee et 06O o 4 pRIRCor trlflat|m|de or bistriflatimide, or
tris(pentafluorog %‘Vﬁ%r'f' QIRRORPRAIR I 37 #‘?é“ﬁﬁ” 19 .ftﬂBP"e?% e ”Séf R ormamide. ar@n
inorganic electrolyte suc as an aqueous solution of a’ po assium aﬁﬁ 9 The marﬂ]\oa
claimed iwbtd&iad Srom2®yrarmditain the aotl &linopregybadesithaicder tudijaetéd w\fariharﬂntgmanmbperander a
residual H{Sr?ﬁb’éﬁe%%& ﬁgatment with chlorine at a temperature to 600 to 1,200°C.

19. The method as claimed in claim 11, wherein an electrode mixture is prepared by
mixing carbon nano-tubes of a few layers and activated carbon at a ratio of 1:3 to 3:1 in ball
mills producing grains measuring about 10 to 100 nm that are sifted on screens with a typical
mesh size of 100 nm and treated with ultrasound to give maximum uniformity to the electrode
mixture.

20. The method as claimed in claim 8, wherein the positive electrode of the electrode
sheet is manufactured from nano-sized particles of metals such as manganese, mercury, silver,
and nickel, and metal compounds such as manganese dioxide, manganese hydroxide, mercury
oxide, silver oxide, lead oxide, lead sulfate, nickel hydroxide, and lithium-cobalt oxide, and the
negative electrode is manufactured from nano-sized particles of metals such as zinc, lead,
cadmium, iron, and lithium, and metal compounds such as zinc hydroxide, zinc chloride, lead
sulfate, cadmium hydroxide, and iron hydroxide.

21. The method as claimed in claim 8, wherein an electrode sheet is manufactured by
applying a suspension of an electrode mixture dispersed by ultrasound in an organic solvent to a
substrate.

22. The method as claimed in claim 21, wherein isopropanol or ethanol is used as an
organic solvent.

23. The method as claimed in claim 8, wherein the electrode mixture is applied in powder

form to the substrate under the effect of electrostatic forces.
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28. The method as claimed in claim 8, wherein several parallel electrode sheets are coiled into a roll
and placed in a casing in the form of a parallelepiped or cylinder.

24. The method as claimed in claim 8, wherein the resultant electrode sheet is placed,
after the electrode mixture has been applied thereto, on a contact electrode such as graphite foil
and heated to a temperature between 120 and 150°C and pressed at a pressure of 0.5 to 1.0 MPa.

25. The method as claimed in claim 8, wherein the porous separator made up of one to
four layers is a track membrane manufactured from polymer film 3 to 5 um thick, at a pore ratio
of 20 to 40%, and pore size of 0.05 to 0.1 um, or a sheet of nonwoven polymer material such as
polypropylene 10 um thick at a density of 15 to 40 mg/cm? or ion-permeable polymer
membrane manufactured from polybenzimidazole 10 to 15 um thick impregnated with
electrolyte and containing 3 to 10 mass parts of electrolyte.

26. The method as claimed in claim 8, wherein the electrolyte used for impregnating the
roll is an organic electrolyte comprising an organic salt solution containing cations based on
ammonium or imidazole, and anions including tetrafluoroborate, hexafluorophosphate or
triflatimide, or bistriflatimide, or tris(pentafluoroethyl)trifluorophosphate in acetonitrile, or
propylene carbonate, or formamide, or an inorganic electrolyte such as an aqueous solution of a
potassium alkali.

27. The method as claimed in claim 8 or 26, wherein the roll is impregnated in electrolyte
in a vacuum chamber under a residual pressure of 10 Pa.

28. The method as claimed in claim 8, wherein several parallel electrode sheets are coiled

into a roll and placed in a casing in the form of a parallelepiped or cylinder.
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