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(57) Cette invention concerne un condensateur a couche
¢lectrique double qui comprend deux électrodes, dont
I'une ou les deux peuvent ¢&tre polarisées. Ce
condensateur comprend €galement un ¢€lectrolyte liquide
et un separateur. Ce condensateur se caractérise en ce
que le miveau de remplissage en ¢€lectrolyte de 1’espace
poreux du separateur et des deux ¢lectrodes represente
de 90 a 40 % du volume total des pores.
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(57) The present invention relates to a capacitor with a
dual electric layer, wherein said capacitor includes a pair
of electrodes, one or both of which can be polarised, as
well as a liquad electrolyte and a separator. This capacitor
1s characterised 1n that the porous space of the separator
and both electrodes 1s filled with the electrolyte up to a
level representing from 90 to 40 % of the pore
total volume.
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degree of filling the pores of the
electrolyte falls within 90 and 40% of a total space of the

separator and of both electrodes with
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CAPACITOR WITH DUAL ELECTRIC LAYER

Technical Field
The invention rejates to electrical engineering, in particular, to capacitor-making industry and ocan
find application in producing high-capacity electric capacitors making use of double electric layer
(DEL). Capacitors with DEL have found application as stand-by power sources in systems
rcqﬁiring uninterrupted power supply, such as computation engineering, communications
equipment, numerically controlled machine tools. in uninterrupted cycle production processes: for
electric-starter starting of diesel engines; for power supply of invalid carriages, golf carnages, etc.

Background Art
Known in the art presently are electric energy accumulators appearing double electric layer (DBL)'
capacitors, e.g., those disclosed in US Patents ## 4,313,084 (1982) and 4,562,511 (1985), Said
capacitors comprise each two porous polarizable electrodes and porous separator made of g

- dielectric material and placed thercbetween, and current leads. A liquid electrolyte solution in the

e T e —

CA

capacity of which either aqueous or non aqueous electrolytes are used (is contained in the pores of

the electrodes and separator, as wcll in a ccrtain free space inside the capacitor casing. Electic
charge is accumulated on an xnterphan surface in the pores between the electrode material and the

clectrolytc. Used as the matcrials of polarizable electrodes are various routine porous carbon
materials. To increase the capacitor capacitance with double electric layer said carbon materials
are subjected 1o preactivarion with a view to increasing their specific surface area up to 300-3000
sq.m/g.

DEL capacitors have much higher capacity compared with routinc film-type and electrolytic
capacitors, i.e., up to a few scores of Farads per gram of active electrode materials. However, such
capacitors suffer from a rather specific energy. vViz. not more than 3 watt-hours/lit.

Another disadvantage inherent in DEL capasitors resides in evolving gases during recharging, e.g.,
OXygen on the positive electrode and/or hydrogen on the negative electrode. The fact is due to the
fact that the potential of evolution of said gascs on the reSpectivc clectrodes is reached during
recharging. The result is an increased pressurs of the gases inside the capacitor casing which may

02314970 2000-06-16
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lead to its depressurization and even blasting if no provision is made for a special pressure release
valve, However, operating rcliability of such valves is frequently inadequate to ensure against such
depressurization or blasting due to their getting clogged with dirt, and so on. It is for said and otﬁer
reasons that DEL capacitors suffer from a fundamental disadvantage, that is, a danger of their
depressurization and even blasting which involves special service and maijntenance thereof. To

provide more reliable prevention of depressurization during recharging, one should considerably
reduce the final charging voltage for the sake of "double insurance”, whence the initial discharge
voltage is reduccd, too so as not to approach a dangerous border-line. This in turn resulrs in a
considerable drop of the specific energy of the DEL capacitor which, as is commonly known. is
directly proportional to the squared specific energy of the DEL capacitor which, as is commonly

However, the capacitor described before yet suffers from substantial disadvantages, that is, the
problem of how to provide its complete pressurizadon and need in special service and maintenance

thereof. As a result of non-provision of a complcte pressurization of the capacitor are reduced
values of a maximum charging voltage and specific energy, as well as inadequately high charging
current valucs and hence too long a charging time.

Disclosure of the Invention
It is an object of the present invention to provide a completely pressurized service- and

attendance-free capacitor.

It is another object of the invention to enhance the specific energy of the capacitor and to reduce
the charging time. , |

The foregoing objects are aécompliahed due to the herein-disclosed invention whose essence
resides in that in a dual electric layer capacitor comprising two electrodes of which either one or

CA 02314970 2000-06-16
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both are polarizable, a liquid elecrolyte, and a Separator, the degree of filling the void space of the
separator and of both electrodes with clectrolyte falls within 90 and 40%.

The essence of the present technical solution resides in that gaseous oxygen liberated on the
positive electrode of a DEL capacitor at the end of charging and during recharging is basically
absorbable completely on the negative clcctrocic during its ionization reaction (electric reduction)
due 0 very high polarization of said reaction (Ep > 1 V) and due to the fact that the activated
carbon is a very good catalyst for the process in question, whereby it is made use of in fual cells
(cf. "Chemical current sources" by V. S. Bagotski and A. M. Skunden, Moscow, "Energhia" PH,
1981, pp. 80, 116 (in Russian). On the other hand, gaseous hydrogen which can be liberated on the
ncgative electrode during recharging a DEL capacitor, can substantially be absorbed completely
on the positive electrode during its ionization rcaction (electric oxidation) duc to a very high
polarization of said reaction (Ep > 1 V). However, in routine DEL capacitors thé pores of the
scparator and of both electrodes are filled with electrolyte virtually completely so that gas porosity
i;:l said porous bodies is virtually absent. Under such conditions very much trouble is encountered
as regards diffusion as far as the transfer of the gases liberated during the charging and recharging
procedures, from one electrode to the other is concemned. The point is that the mechanism of such
a transfer consists in dissolving said gases mn liquid electrolyte contained in the pores of the
clectrode, wherein itis generated, in its diffusing in a disgolved state over the flooded pores of said
electrode, of the scparator and of thee opposite electrode, the reaction of (ts jonization occurring
not unti] said operations are completed. It is due to very low solubility of hydrogen and oxygen in
liquid electrolytes under standard conditions and thereby very low corresponding value of the
diffusion coefficient that the resultant ionization rate of said gases on the opposite electrodes with
a virtually completely filied void space of the separator and of both electrodes is very low, too. Said
rate is likewise as low even in cases where one or both electrodes feature certain gas porosity
whereas the separator pores arc footcd completely. Very low rate of transfer of the gases berween
the electrodes is much less their generation rate during recharging, whereby the pressure inside the
capacitor casing increases which is fraught with its depressurization and even with blasting.

An inventive concept underlying the present invention consists in that a single system of gas pores
s established in a DEL capacitor throughout the entire electrochemical group (ECGp) thereof,
comprising porous electrodes and a porous separator, Thus, oxygeh and hydrogen gases which are

CA 02314970 2000-06-16
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the opposite electrodcs whereon both gases undergo jonization to form water or respective jons
(H+, OH, and others). The fact is that the diffusion coefficicnts of gases in the gaseous phase s
four orders of magnitude higher than that in the liquid phase. Such a system of gas porcs is
provided due to thc fact that the void space of both porous electrodes and the porous separator
having a degree of filling of their pores within 90 and 40%. Hence the proportion of a non-filled
void space of gas pores (gas porosity) in each of the porous body of the ECGp falls within 10 and
60%, with the rcsult that the required system of gas pores is established. Further reduction of the
degree of filling the ECGp with elestrolyte is undesirable as fraught with an appreciable increass
in the internal resjstance of the capacitor. |

To establish gas porosity can be provided by a variety of techniques, one of which being applicable
Whenever electrolyte is contained only in the pores of the clectrodes and of the separator, i.e., when
no free electrolyte is present in the capacitor. The definite values of a degree of filling the void
space in the clectrodes and separator in the aforementioned range from 90 to 40% of a total space

is attainable, firstly, due to appropriately measuring out a full amount of electrolyte introduced into
the capacitor, and secondly, by using electrodes and a separator with definite mutually coordinated
porous structures. As a matter of fact, distribution of a liquid inside a system of mutually contacting
porous bodies depends quantitatively on the size distribution curves (porograms) of the pores of
saxd porous bodies. The nature of said quantitative dependence has been established in the
following papers (cf. Volfkovich Yu. M. the Journal "Elektrokhimia”, 1978, v. 14, #4 P.346, vol.

14, #6,p.831;# 10, p.1477 (in Russian); Volfkovich Yu. M. and Bagotzky V. 8. Power Sources,
1994, v, 48; PP. 327. 339). For instance, with an increased proportion of large pores in a separator
compared with electrodes, the degree of filling the separator porcs is decreased compared with said
clectrodes. Control over the execution of the preset values of the degree of ﬁllirig of pores in cach

in 2 fully flooded stated (under vacuum) and following a working impregnation ofthe separator and
electrodes, assembling the capacitor and its subsequent disassembling; and secondly, by taking the

porograms of'the electrodes and separator, as well as by weighing the entire ECGp before and after
impregnation with electrolyte.,

CA 02314970 2000-06-16
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In order to fulfil the aforestated condition as to electrolyte containing only in the pores of the
electrodes and of the separator, it is rcasonable that one capacitor or a bank of capacitor elements

be held between the load-bearing cover of the casing a8 otherwise the capacitor internal resjstance
1S increased.

electrode increases the rate of diffusion of the clectrolyte-dissolved oxygen inside the pores directly
10 the internal electrode/electrolyts interface and the resultant higher rate of its electric reduction.
Insofar as capacitor recharging as a result of misoperation (with E < 0 V) must not be ruled out
completely, hydrogen is liable to evolve on the ncgative electrode. Adding a dispersed water
repellant to the positive electrode accelerates abruptly the process of hydrogen transporting to the

inner surface thercof and the resultant process of hydrogen electric oxidation on said electrode.
Thus, adding water repellants to the composition of porous electrodes helps solving the problem

of creating completely pressurized capacitor.

Bnef Description of the Drawings
FIG.1 illustrates an embodiment of the capacitor, according to the preseat invention:
FIG.2 illustrates an altcrnative embodiment of the capacitor, according to the present invention.

FIG.3 illustrates a further embodiment of the capacitor, according to the present invention.

Exemplary Embodiments of the Inventon

made of three layers of activated carbon fabric, type "Viscumac" having a specific surface area of
1200 sq.m/g and a total thickness of 0.9 mm, & porous separator (8), grade ©®ITT1-20CA, made from
perchlorovinyl having a total thickness of 120 microns, current leads (3) made of steel: a 0.3. mm
thick steel load-bearing cover (1) of the casing; a 0.3 mm thick load-bearing side panel (6) of the
casing; a non-conducting sealant (7) made from atactic polypropylene; and an insulator (2) made
from rigid PVC. The protective layer (4) of the current lead is made of graphite film 0.3 mm thick

CA 02314970 2000-06-16
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as electrolyte is a sulfuric acid solution having density of 1.3 g/cu.om. The capacitor is compressed,
the compressing pressure of the ECGp being 3 kg/sq.cm. Electrolyte is located only in the pores
of the ECGp. The degrees of filling the void space with electrolyte as measured by weighing are
as follows: for electrodes, 73%: for s¢parator, 81%.

The following characteristics are obtained as a result of testing: maximum voltage, 1 V: specific
energy, 2 W-hW/1it; maximum excess pressure of gascs as mcasured inside the casing, 0.02 atm.
Example 2
The capacitor with dual electric layer (FIG.2) is composed of the following components.

A negative polarizable electrode (4) is madec of ten layers of activatcd carbon fabric, type

"Viscumac" having a specific surface area of 1200 8q.m/g. A positive (non-polarizable) electrode
(5) contains an active material of nickel hydroxide (NiOH3). A grade ®III-20CA
pol?apropylene~made 60 micron thick separator (6) is used. Currcnt leads (3) of both electrodes are
made from sheet nickel. Each of the electrodes appears as g plats measuring 123 x 143 mm. A
sheet-stee] load-bearing cover (1) and a load-bearing side panel (8) of the casing are used for
compressing the capacitor ECGp. A non-conducting sealant (7) is made from atactic polypropylene
and an jnsulator (2), from rigid PVC. Used as electrolyte is 2 30% aqueous potassium hydroxide.
The compressing pressure of the ECGp is 10 kg/sq.cm. The degrees of filling the void space with
electrolyte as measured by weighing are as follows: for the negative electrode, 63%; for the positive
electrode. 71%,; for the separator, 79%. The capacitor is assembled under vacuum. The overall
dimensions of the entire assembly arc 130 x 150 x 14 mm.

The following characteristics are obtained ag a result of testing: maximum voltage, 1.45 V; specific
encrgy, 16 W-l/lit; internal resistance, 2.5 mOhm: charging time, 20 min; maximum excess

pressure of gases as measured insidc the casing, 0.01 atm.

Example 3

02314970 2000-06-16
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consists of a grid made of an alloy containing 95% lead and 5% antimony. Put inside the grid cells
1s a mixture comprising 85% lead sulfate and 15% polytetraflucroethylene. A 60 micron thick,
grade ®IUI-20CA, perchlorovinyl scparator (6) impregnated with a 15% PTFE-basad lacquer.
Current leads (3) are made of sheet steel. The protective layer (4) of the current lead is made of
graphitc film impregnated with a 0.3 mm thick acid-resistant polymer, said film being bonded at
several points to the metallic electrode of the current lead. Each electrode appears as a plate
measuring 123 X 143 mm. A load-bearing cover (1) and a load-bearing side panel (9) of the casing
are made of sheet steel and are used for compressing the capacitor ECGp. A non-conducting sealant
(8) is made from atactic polypropylene and an insulator (2), of rigid PVC. Used as electrolyte is

as follows: for the negative clcctrade, 63%: for the positive electrode, 71%; for the separator, 79%.
The capacitor is assembled under vacuum. The overall dimensions of the cntire assembly are 130
Xx130x 17 mm.

The following characteristics arc obtained as a result of testing: maximum voltage, 2 V; specific
energy with a discharge current of 2.5 A, 51 W-h/lit; thc number of thc attainable
charging-discharge cycles, 6500: internal resistance, 2 mOhm,; charging time, 15 min; maximum
éXcess pressure of gases as measured inside the casing. 0.01 atm.

As is evident from the presented Examples of practical realization of the invention, the obtained
maximum cxccss pressure of gases measured inside the casing of all the tested DEL capacitors is
within 0,01 - 0.02 atm. These values are very low and are much lower than the ultimate strength
of the capacitor casings, whereby they present no danger of their depressurizing,

Industrial Applicability
The invention disclosed hereinbefore solves the problem of providing complete pressurization of
any type of DEL capacitors having both one or two polarizable electrodes. As a result of practical
solution of the problem a higher specific energy is attained duc to an incrcaséd maximum charging
voltage on account of no danger of capacitor depressurization. For the same reason a possibility
arises of considerably increasing the charging current and hence a corresponding reducing the

CA 02314970 2000-06-16
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charging time which is of paramount importance for 2 great many practical uses of the present
capacitor. '
One more positive outcome of practical application of the hercin-proposed technical solution, that

1§, containing electrolyte only in a part of the void space of electrodes and of separator and absence
of free electrolyte, resides in the fact that serviceability and characteristics of a DEL capacitor

become completely independent of the capacitor spatial position, i.e., horizontal vertical. and so
on. For the same reason the proposed capacitor must operate normally in the objects moving at hi gh

acceleration rates, such as motor cars, aircraft, space vehicles, and so on.

Finally, capacitors made in accordance with the present invention needs no special attendance.

CA 02314970 2000-06-16
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1. A dual electric layer capacitor comprising a casing accommodating two electrodes of which

either one or both are polarizable, a scparator, and liquid clectrolyte, both electrodes and the
Separator have a porous structure, CHARACTERIZED in that the degree of filling the pores of the

Separator and of both electrodes with electrolyte falls within 90 and 40% of a total space of the

matcrial of onc or both electrrodes is doped with a dispersed water
polytetrafluoroethylene or polycthylene.

repellant, e.g,,

4. A capacitor according to any one of the preceding claims, CHARACTERIZED in that the

matcrial of the separator is doped with a dispersed water repellant, e.g., polytetrafluoroethylene or
polyethylene.

3. A capacitor aceording to any one of the preceding claims, CHARACTERIZED in that its intcrior
space is vacuumized.

0. A capacitor according to any one of the preceding claims, CHARACTERIZED in that it is
cornpressed.

02314970 2000-06-16
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