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ELECTRIC DOUBLE LAYER CAPACITOR 

1'1=11~ SHEET HAS BEEN . \ 
flt!f"l\..ACED 1\ 

R\""~ ts ~'t­
our Ref.: AA-823 (F96-03) 

The present invention relates to an electric double 

layer capacitor, particularly to an electric double layer 

5 capacitor having a high working voltage and a high energy 

density. 

In order to make an electric double layer capacitor 

smaller and lighter without any change in its 

capacitance, it is necessary to increase the storage 

10 energy density of the electric double layer capacitor. 

The storage energy of ~ electric double layer capacitor 

is proportional to its electrostatic capacitance and the 

square of its working voltage. Accordingly, in order to 

increase the energy density of an electric double layer 

15 capacitor, it is effective to increase the working 

voltage by use of an electrolyte having a high 

decomposition voltage. 

Conventional electric double layer capacitors use, as 

an electrolyte, not only aqueous electrolytes containing 

20 a mineral acid such as sulfuric acid, an alkali metal 
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salt or an.alkali, but also various non-aqueous 

electrolytes. Non-aqueous (organic type) electrolytes 

are advantageous because their decomposition voltage is 

from 2 V to 3 v, while the decomposition voltage of 

5 aqueous ones is about 1. 2 V. 

As solvents in non-aqueous electrolytes, propylene 

carbonate, which is disclosed in Japanese Unexamined 

Patent Publication No. 68254/1974, y-butyloractone, 

acetonitrile, dimethylformamide, and sulfolane and its 

10 derivatives, which are disclosed in USP No. 4,725,927, 

are known. 

Among them, sulfolane is a solvent having excellent 

resistance to oxidation and high decomposition voltage. 

However, because of its high freezing point, its 

15 electrical conductivity decrease considerably at low 

temperatures. Therefore, there are problems that 

charging at a low temperature takes a long time, and that 

at the time of discharge of a large electrical current, 

the output voltage decreases remarkably due to the 

20 internal resistance. 

To improve the disadvantageous low-temperature 

properties of sulfolane, USP No. 4,725,927 proposes to 

use a mixed solvent consisting of sulfolane and a 

sulfolane derivative having a low freezing point as a 

25 solvent in non-aqueous electrolytes. But the electrical 

conductivity of such an electrolyte is not low enough at 

a low temperature. On the other hand, Japanese 
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Unexamined Patent Publication No. 51284/1991 proposes an 

electric double layer capacitor employing a mixed solvent 

consisting of sulfolane and a cyclic carbonic acid ester 

such as propylene carbonate as a solvent in the 

s electrolyte, but its working voltage is below 3.0 v. 
The object of the present invention is to solve the 

above-mentioned problems in the prior art and provide an 

electric double layer capacitor which is free from 

decrease in the output voltage at a low temperature and 

10 has a high energy density. 

The present invention was accomplished to solve the 

above-mentioned problems, and provides an electric double 

layer capacitor comprising a polarization electrode and 

an electrolyte capable of forming an electric double 

15 layer on the surface of the polarization electrode, 

wherein the solvent in the electrolyte is an organic type 

mixed solvent containing sulfolane or a sulfolane 

derivative, and a chain carbonic acid ester represented 

by the general formula R10(CO)OR2 (wherein R1 and R2 , 

20 which may be the same or different, are monovalent 

organic groups). 

In the electric double layer capacitor of the present 

invention, as a constituent of the solvent in the 

electrolyte, chain carbonic acid esters are used, and 

25 they are electrochemically stable solvents having low 

freezing points and low viscosities at low temperatures. 

A mixed solvent containing a chain carbonic acid ester 



- 4 -

having such properties, and sulfolane or a sulfolane 

derivative which has a high decomposition voltage, can 

provide a stable electrolyte having a good electrical 

conductivity at a low temperature and a high 

s decomposition voltage. 

In the above general formula for the chain carbonic 

acid ester, a1 and a2 are selected appropriately from 

monovalent organic groups such as alkyl groups and aryl 

groups. A hydrogen or hydrogens of these monovalent 

10 organic groups may be substituted with halogens. 

Considering the molting point, the viscosity and 

dielectric constant of the resulting mixed solvent, it is 

preferred to select the organic groups a1 and R2 from the 

group consisting of CH3 , C2H5 , (CH3 ) 2CB, CB3 (CB2 ) 2 and 

15 CF3CH2 • 

As preferable chain carbonic acid esters, dimethyl 

carbonate (DMC), diethyl carbonate (DEC), methyl ethyl 

carbonate (MEC), diisopropyl carbonate (DiPC), methyl 

isopropyl; carbonate (MiPC), ethyl·isopropyl carbonate 

20 (EiPC), di-n-propyl carbonate (DnPC), di-2,2,2-

trifluoroethyl carbonate (D222TFEC) and 2,2,2-

trifluoroethyl methyl carbonate (222TFEMC) may be 

mentioned. 

Sulfolane and its derivatives, especially sulfolane, 

25 are preferable as a constituent of the solvent in view of 

compatibility with a chain carbonic acid ester, 

resistance to oxidation and a high decomposition voltage. 
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As sulfolane derivatives, substituted sulfolanes such as 

3-methylsulfolane and 2,4-dimethylsulfolane may be 

mentioned. A mixing ratio of sulfolane or a sulfolane 

derivative to a chain carbonic acid ester in the mixed 

5 solvent is selected appropriately in view· of the 

solubility of an electrolyte salt in the mixed solvent, 

the working temperature range and, in particularly, the 

electrical conductivity required at a low temperature. 

It is preferred that R1 and R2 in the chain carbonic 

10 acid ester are different monovalent organic groups since 

it is possible to increase the concentration of an 

electrolyte salt and thereby increase the electrical 

conductivity of the electrolyte as well, and to achieve a 

good electrical conductivity at a low temperature. 

15 As the solvent in the electrolyte, a mixed solvent 

containing from 15 to 85 vol% of sulfolane or a sulfolane 

derivative and from 85 to 15 vol% of a chain carbonic 

acid ester is preferable in view of the internal 

resistance, the working voltage and the stability of the 

20 resulting electric double layer capacitor. A mixed 

solvent containing from 25 to 75 vol% of sulfolane or a 

sulfolane derivative and from 75 to 25 vol% of a chain 

carbonic acid ester is more preferable. 

As the electrolyte salt used in the electrolyte, 

25 salts of alkali metal ions such as lithium ion and sodium 

ion, alkaline earth metal ions or quaternary onium 

cations such as R4N+ and R4P+ (wherein R is an alkyl 
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group represented by CnH2n+l (wherein n~l) or an aryl 

group) with anions such as BF4-, PF_6-, c1-, CF3So3-, 

AsF6-, N(S02CF3)2-, N03-, Cl04-, Br- and S042- are 

preferable. Among these salts, salts of quaternary onium 

s cations such as R4N+ (quaternary ammonium ion) or R4P+ 

(quaternary phosphonium ion) are preferably used. 

Particularly preferable electrolyte salts are 

tetrafluoroborate salts, hexafluorophosphate salts, 

hexafluoroarsenate salts, perchlorate salts and 

10 trifluoromethanesulfonate salts of quaternary onium 

cations. The concentration of the electrolyte salt in 

the electrolyte is preferred to be 0.3-2.0 M, and 

particularly preferred to be O.S-1.2 M. 

As the polarization electrodes used in the electric 

15 double layer capacitor of the present invention, any type 

of polarization electrodes may be used so long as they 

are composed mainly of electrochemically inert materials 

having large specific surface areas, and those composed 

mainly of activated carbon, carbon black, fine metal 

20 particles or eletroconductive metal oxide fine particles, 

are preferable. Usually both a cathode and an anode of 

an electric double layer capacitor are polarization 

electrodes, but one of the electrodes may be a 

rechargeable non-polarization electrode, namely a non-

25 polarization electrode containing an activated material 

for a secondary battery. 

Now, the present invention will be described in 
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further detail with reference to Examples (Examples 1 to 

19) and Comparative Examples (Examples 20 to 24), but it 

should be understood that the present invention is by no 

means restricted to the specific examples. 

5 To a mixture of 80 wt% of a coconut shell activated 

carbon powder obtained by a steam activation method, 10 

wt% of polytetrafluoroethylene and 10 wt% of carbon 

black, ethanol was added, and the resulting mixture was 

kneaded and formed into a sheet. Then, the sheet was 

10 further rolled to a thickness of 0.6 mm and punched into 

disks of a diameter of 12 mm to obtain polarization 

electrodes. 

The discoidal polarization electrodes were bonded 

inside a stainless steel case with a graphite type 

15 conductive adhesive on the cathode side and on the anode 

side which functions not only as a current collector but 

also as a housing of a coin-shaped capacitor cell, and 

subjected to vacuum heat treatment together with the 

stainless steel case to remove water and the like. The 

20 electrodes were impregnated with low-moisture, non­

aqueous (organic type) electrolytes having compositions 

as shown in Tables 1 and 3, and a separator sheet made of 

a polyester nonwoven fabric was interposed between each 

two polarization electrodes. The stainless steel cases 

25 were crimp sealed by using insulating gaskets to obtain 

coin-shaped electric double layer capacitors having a 

diameter of 18.4 mm and a thickness of 2.0 mm. 
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With respect to each electric double layer capacitor, 

the initial electric discharge capacitance and the 

internal resistance were measured. Then, each capacitor 

was placed in a thermostat at SS°C, and after application 

s of a voltage of 3.3 V for 500 hours, the electric 

discharge capacitance and the internal resistance were 

measured. From the changes in electric discharge 

capacitance and in internal resistance, the long term 

performance and the long term reliability of the 

10 respective capacitors under a high working voltage were 

estimated by extrapolation. The results are shown in 

Tables 2 and 4. 
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Table 1 

Mixed solvent in Electrolyte salt and 
Example 

electrolyte and mixing its molar 
No. ratio (vol%) concentration 

1 Sulf olane 70%+DMC 30% ( C2H5) 4NBF 4 0.6M 

2 Sulf olane 70%+DMC 30% (C2B5 ) 4PBF4 0.6M 

3 Sulfolane 70%+DMC 30% ( C2H5) 3CH3NBF 4 l.OM 

4 Sulf olane 70%+DMC 30% (C4B9)4NBF4 0.6M 

5 Sulfolane 70%+DMC 30% ( C2H5) 3cH3PBF 4 l.OM 

6 Sulf olane 50%+DMC 50% ( C2B5) 4NBF 4 0.6M 

7 Sulfolane 70%+DEC 30% ( C2H5) 4NBF 4 0.6M 

8 Sulf olane 70%+DEC 30% ( C2H5) 3CH3NBF 4 l.OM 

9 Sulfolane 80%+DEC 20% CC2H5)3CH3NBF4 l.OM 

10 Sulf olane 70%+MEC 30% ( C2H5) 4NBF 4 0.6M 

11 Sulf olane 70%+MEC 30% { C2H5 ) 4NBF 4 l.OM 

12 Sulf olane 70%+MEC 30% ( C2H5 ) 3CH3NBF 4 l.OM 

13 Sulf olane 70%+MEC 30% (C2H5 ) 3CH3NBF4 l.SM 

14 Sulfolane 70%+DiPC 30% (C2H5)3CH3NBF4 0.6M 

15 Sulfolane 70%+MiPC 30% (C2H5 ) 4NBF4 0.6M 

16 Sulf olane 70%+MiPC 30% {C2H5) 3CH3NBF4 l.OM 

17 Sulfolane 70%+DnPC 30% (C2H5 ) 3CH3NBF4 0.6M 

18 Sulf olane 70%+D222TFEC 30% { C2H5 ) 4NBF 4 0.6M 

19 Sulfolane 70%+222TFEMC 30% ( C2H5) 4NBF 4 0.6M 
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Table 2 

Properties of capacitor 

Initial properties of 
after the voltage-
application test 

capacaitor 
Example 

No. 
Electric 

Internal 
Electric Internal 

resistance resistance discharge (C) discharge (C) capacitance capacitance 
(F) 

20°c 0°C 
(F) 20°c 

l 2.02 9.4 13.4 1.80 22.1 

2 1.99 9.6 13.8 1.80 22.9 

3 2.13 8.7 12 .• 9 1.88 21.5 

4 1.82 11.8 16.l 1.61 20.3 

5 2.08 7.8 12.1 1.86 22.2 

6 1.98 9.8 13.7 1.75 25.1 

7 1.96 9.8 13.6 1.73 23.4 

8 2.00 9.0 13.0 1.82 21.0 

9 1.95 9.9 14.8 1.84 23.9 

10 2.01 9.5 13.7 1.82 21.8 

11 2.05 8.0 12.0 1.83 20.8 

12 2.06 7.8 11.5 1.83 19.9 

13 2.08 6.1 10.9 1.85 18.2 

14 1.89 11.7 16.8 1.63 25.7 

15 1.94 10.l 15.6 1.67 24.6 

16 1.99 8.8 13.3 1.78 22.0 

17 1.85 12.7 17.3 1.61 27.8 

18 2.11 8.9 14.1 1.88 24.2 

19 2.12 8.8 14.0 1.89 23.7 
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Table 3 

Mixed solvent in Electrolyte salt and 
Example 

electrolyte and mixing its molar 
No. ratio (vol%) concentration 

20 Sulfolane 100% ( C2H5 ) ~NBF 4 0.6M 

21 Sulfolane 70%+ ( C2H5 ) 4NBF 4 0.6M 
3-methylsulf olane 30% 

22 Sulfolane 100% ( C2H5 ) 3CH3NBF 4 0.6M 

23 Sulfolane 100% ( C2H5 ) 4PBF 4 0.6M 

24 Propylene carbonate 100% (C2H5 ) 4NBF4 0.6M 

Table 4 

Initial properties of 
Properties of capacitor 

after the voltage-
capacaitor application test 

Example 
No. Internal 

Electric Internal Electric resistance resistance discharge (Q) discharge (Q) capacitance capacitance 
(F) 

20°c 0°C 
(F) 20°c 

20 1.86 14.5 38.2 1.47 38.9 

21 1.89 . 13.2 21.4 1.51 35.3 

22 1.91 14.3 32.8 1.53 37.9 

23 1.87 14.4 37.l 1.47 36.2 

24 2.21 6.0 9.2 0.1 240.4 
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As is apparent from Tables 2 and 4, the electric 

double layer capacitor of the present invention has a low 

internal resistance at a low temperature, and decrease in 

its capacity and increase in its internal resistance 

s during application of a voltage as high as 3.3 V are 

little. Therefore, the electric double layer capacitor 

of the present invention can work with a high working 

voltage for a long time with an excellent reliability. 

By virtue of the use of an organic type mixed solvent 

10 containing sulfolane and a chain carbonic acid ester as. 

the solvent in the electrolyte, the electric double layer 

capacitor of the present invention can attain a working 

voltage as high as 3.3 V per unit cell, and by virtue of 

the high working voltage, it has a high energy density 

15 and such excellent properties that decrease in the 

capacitance and increase in the internal resistance are 

little. Consequently, the electric double layer 

capacitor of the present invention can back up an IC on a 

unit cell basis with a back up voltage of 3.0 V and has a 

20 high reliability. 
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CLAIMS: 

1. An electric double layer capacitor comprising a 

polarization electrode and an electrolyte capable of 

forming an electric double layer on the surface of the 

5 polarization electrode, wherein the solvent in the 

electrolyte is an organic type mixed solvent containing 

sulfolane or a sulfolane derivative, and a chain carbonic 

acid ester represented by the general formula a 10(CO)Oa2 

(wherein a 1 and a 2 , which may be the same or different, 

10 are monovalent organic groups). 

2. The electric double layer capacitor according to 

Claim 1, wherein a 1 and a 2 are organic groups selected 

from the group consisting of CB3 , C2B5 , (CB3 ) 2CB, 

CB3(CB2)2 and CF3CB2· 

15 3. The electric double layer capacitor according to 

Claim 1 or 2, wherein a1 and a 2 are different monovalent 

organic groups. 

4. The electric double layer capacitor according to any 

one of Claims 1, 2 and 3, wherein the solvent contains 

20 from 15 to 85 vol%. of sulfolane or a sulfolane 

derivative, and from 85 to 15 vol% of a chain carbonic 

acid ester. 

5. The electric double layer capacitor according to any 

one of Claims 1, 2, 3 and 4, wherein the electrolyte 

25 contains a quaternary phosphonium salt or a quaternary 

ammonium salt. 


