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S22, sasalt or an alkali, but also various .non- aqueous
“el ectrol F_hbﬂ;ﬁggggg§_ggig??|c type) el ectrolipam=
because’t hei r deconp05|t|on voltTage is fronjl 2rAis
deconp03|t|on Bten Réplaagueous ones i s abo :
solvents in noj ﬁ: rol ytes, propylene

ned Pat ent Publ icatio _Slg SG 5%&% :
y- but yl or act one, : ace triIe, di met hyl f or mam de, g% S Iggla evand

di sclosed in J
its 10 derivatives, mhlch are discl osed i nOUBPRES . :4AA28232(F96-03)ar e
known. Anong them sulfolane is a solvent having excell ent
resi stance to oxidation and hi gh deconposition voltage. However ,
because of its high freezing point, its 15 electrical conductivity
decrease considerably at | ow tenperatures. Therefore, there are
probl ens t hat charging at a low tenperature takes a long tine, and
t hat at the time of discharge of a large electrical current,
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ELECTRIC DOUBLE LAYER CAPACITOR

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 a electric double layer capacitor
is proportional to its electrostatic capacitance and the
square of its working voltage. Accordingly, in order to
increase the energy demnsity of an electric double layer

15 capacitor, it is effective to increasé”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 eiectrolytes containing

20 a mineral acid such as sulfuric acid, an alkali metal
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-t he outyut voltage decreases remarkably due to the 20 internal

“resi‘st ance. To i nprove the di sadvant ageous | owtenperature
properities of sulfolane, USP No. 4,725,927 proposes to use a m xed
sol vent consisting of sulfolane and a sul fol ane derivative having a
| ow freezing point as a 25 solvent Tr?ﬁbn-aqueous el ectrolytes. But the
el ectrical conductivity of such an electrolyte is not | ow enough at
a low tenperature. On the other hand, Japanese
- 3- Urssadatimi one chrPad a1 iRu fidui te atlisen v 1 o Svnt@@ueoausposes an
el ectric double | ayer capacitor enploying a m xed sol vent consi sting

of sul f ol anelmatzokytes ¢ Mompadueans d arganic typeuedestialyhfsene
carbonate as a solvent in the 5 electrolyte, but its working voltage is
bel ow 3.0 V.are advantaggoumjhagause thheif degompasiddan, ¥qltass ddf ve the

doubl e 1 ayert AR A0 vhi'tn WHLI dbe dpoibodi tion voltage of °C111 €
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, 7;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 fo 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



decrease in the output voltage at a |l ow tenperature and 10 has a high
‘enerigy density. The present invention was acconplished to solve the
above- nenti oned probl ens, and provides an el ectric double | ayer.
capacitor conprising a polarization electrode and an electrol yte
capable of formng an electric double™ 35~ | ayer on the surface of the

pol ari zati on el ectrode, wherein the solvent in the electrolyte is an
organi c type m xed sol vent contai ning sul fol ane or a sul fol ane
derivative, BndxamthednPasehtnPubiicadtieheNorechi284/1291 propbgeshangener al
formula Rerr]0(COORerr] (wherein Rerr] and R err], 20 which may be the
same or di ffeleatrier doubheviayper capacbtgunempleying)a mixed solventhe

el ectric double |ayer capacitor_of the_present. i nvention,_ as a
constituent censhstingveftsnifobane andcaceyebigtearbonia agidoestenci d

esters are used, and 25 _they are electrochenicaéag stabl e sol vents having
| ow freé%?hgaﬁoPﬁPEY&ﬁﬁel5%F9P§€B§i??e§ 8P1YeRF t tRpehet ures. A

m xed solvenl, SOPLEI PLAY BuENPLE GOIRORL CvETESGE5tE 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 R!0(CO)OR? (wherein R! and RZ,

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



havi ng such properties, and sul folane or a sul fol ane derivative which
has & hi gh deconposition voltage, can provide a stable electrolyte
havi ng:a good el ectri cal conductivity at a |l ow tenperature and a high
5 deconposition voltage. , In the above general fornula for the
chai n carbonic acid ester, Rl and B -are sel ected appropriately from
nonoval ent organi c groups such as al kyl groups and aryl groups. A

hydr ogen or hydrogens of these nobnoval ent 10 organi c groups nay be

substituted Wakiindllsuednpropertieensaddr sl fblanaobti AJsi®EBLankhe

vi scosity and dielectric constant of the resulting m xed solvent, it
is pr ef derdéatd veckwhdicht hasoaghtigh decompoRition #31ltage),t ban

group consisting of CHerr], [err], [err], [err] and 15 [err].

As pref erabl provdide aasttable ededteolyte, hdwinghal good etecbuvmeaz (D),
di ethyl carbonate (DEC), nethyl ethyl carbonate (MEC), diisopropyl
carbonat e (DcPopuckdwvifly at a lowptepperatursoandea(MO), ethyl isopropyl
carbonate 2Q (E PC),, .di-n-propyl carbonate (DnPC), di-2,2,2-

trifl uor det hARCORPRFAALON BR2588RE) and 2, 2, 2-

In the above general formula for the chain carbonic
acid ester, Rl and R? 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 Rl and R? from the
group consisting of CH;, C,Hg;, (CH;3),CH, CH;(CH,), and

15 CF3CH2.

As preferable chain carbonic acid esters, dimethyl
carbonate (DMC), diethyl carbonate (DEC), methyl ethyl
carbonate (MEC), diisopropyl carbonate (DiPC), methyl
isopropyl; éarbonate (MiPC), ethyl-isopfopyl 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.



trifluoroethyl nethyl carbonate (222TFEMC) nmay be ment i oned.

Sul f6l ane .and its derivatives, especially sulfolane, 25 are preferable as
a constituent of the solvent in view of conpatibility with a chain

carbonic acid ester, resi stance to oxidation and a hi gh deconposition

vol t age.

derivatives, |
2, 4- di met hyl sul f ol ane nay be

a sulfol ane ag sud€olede GRriivativiesi,n stdskitutedcsdl€olanesnsueh asxed

-5 - -5- As sul fol ane
substituted sul fol anes such as ~ 3-net hyl sul fol ane and

solvent is selected appropriately in view of the solubility of an

el ectrol yte Sakethy

carbonic 10 acid ester are different nonoval ent organic %roups si_nce

it is possibBerivatisecdoe a kbaisncerboaiiconcdd gater in
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he mixed
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 prefefred that R! and R? in the chain carbonic
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.

As the solvent in the electrolyte, a mixed solvent
containing from 15 to 85 volg of sulfolane or a sulfolane
derivative and from 85 to 15 volg of a chain carbonic
acid ester is preferable in view of the internal
resistance, the working voltage and the stability of the
resulting electric double layer capacitor. A mixed
solvent contéining from 25 to 75 vols of sulfolane or a
sulfolane derivative and from 75 to 25 volg of a chain
carbonic acid ester is more preferable.

As the electrolyte salt used in the electrolyte,
salts of alkali metal ions such as lithium ion and sodium
ion, alkaline earth metal ions or quaternary onium

cations such as RUN* and R*P* (wherein R is an alkyl

lighd fslaned aoidv @p¥~dimethylsulfioRiang maypbeat ure range.
and, in particularly, the el ectrical conductivity required at a | ow
t enper at ure. mentioned.l t A mipdagema&dotbﬁtsnﬂépipnanQrRPesupfbﬂanhe chain

mentioned. A mxing ratio of sulfolane or

5
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electrolyte salt and thereby increase the electrical conductivity of
the electrolyte as well, and to achieve a good el ectrical conductivity
at a low tenperature. 15 As the solvent in the electrolyte, a m xed
sol vent containing from15 to 85 vol % of sul folane or a sulfol ane
derivative and from85 to 15 vol % of & dhat n carbonic acid ester is
preferable in view of the internal resi stance, the working voltage and
the stability of the 20 resulting electric double |ayer capacitor. A

m xed sQiroun repricsented hyomnﬁg {0 (Wherdith o> 19uldolananyl a

sul fol ane derivative and from75 to 25 vol % of a chain - carbonic acid
ester is nor grougemdlddhe anions suchAast BF & cBFgOf YAXE ,s&R35038d in the

el ectrolyte, 25 wsalts of alkali netal ions such as lithiumion and sodi um
i on, al kal i ndsFyT ¥ hNGEOaEF; bite NO3quatiPpan BIoniamd SO.2"careons such as
[err] and [err] (wherein Ris an_alkyl

- 6- gr PESEezpbdeent SIORg [thESE EARdRei AaRSE) Of WAtgrpATY onium

5 cations such as RN* (quaternary ammonium ion) or Rép*
(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 elecfrolyte salt in
the electrolyte is preferred to be 0.3-2.0 M, and
particularly preferred to be 0.5-1.2 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



group) with ani ons such as BF[err] , PF[err], d-, [err] AsF[err],

Terr] , NJerr], ClO[err], Br and S042 are preferable. Anong these
salts, .salts of quaternary onium 5 cations such as RAN+ (quaternary
annnniun1ion) or [err] (quat ernary phosphoniumion) are preferably
used. Particularly preferable elecrolyte salts are

tetrafl uoroborate salts, hexafl uorophosphate salts, hexaf | uor oar senat e

salts, perchlorate salts and 10 trifluoromethanesul fonate salts of
quat ernary ofutither deta8ilowsthThefépencet tat Egamples heEghmples! Yteosalt in
the electrolyte is preferred to be 0.3-2.0 M and particularly
preferred tol9y 8nd-Cofipatative Examples h¢EpahplesaRotoelé)trbabsitised in
the electric 15 double |ayer capacitor of the present invention, any type
of pol ari zat sboukfecbervndersbgofdecthatdthe poegent inegntion asebromposed
mai nly of electrochemcally inert materials having | arge specific
surf ace areaﬁeaaﬂdrﬁﬁb§écééﬁpbgeﬁhe spegif heyexdmptesvat ed carbon, carbon
bl ack, fine netal gartlcle Qr eIetrgconductlve ng g# h E ae
particl eS, EPeapP KEREE 8 BAUKFEyOhoRNCICLRIF0BRELAIRGHIXALAE of
an electric double la C o] re_polarization od but
one of the nggg?Bdggxﬁgg ﬁg 3;ﬁeé ﬁy a ngam 8Lt PPation Ségﬁéé, £o
wt$s of polytetrafluoroethylene and 10 wtg$ 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.



rechargeabl e non-pol ari zati on-el ectrode, nanely a non- 25 polarization

‘el ectrode. containing an activated materi al for a secondary battery.
Now, the present invention will be described in

-7- further detail with reference to Exanples (Exanples 1 to 19)
and Conparative Exanples (Exanples 20-t8 24), but it shoul d be
understood that the present invention is by no nmeans restricted to the
speci fic exanpl es. 5 ~To a mixture of 80 w % of a coconut shel

acti vat ed chibhnrespeét bdt aackdebyctr 5t edonlble i Yayeoncapabbtior 10
wt % of pol ytetrafl uoroethyl ene and 10 wt % of carbon bl ack, ethanol was
added, and ttiee rbsitiabhgebectrie discharge keapalzikamek fandrethe nt o a sheet.
Then, the sheet was 10 further rolled to a thickness of 0.6 nmm and
punched i nt ointernafl skesistance werermegsuredam tThemt Larhptapaciionn

el ect r odes. The discoidal polarization el ectrodes were bonded
was placed in a thermostat at 55°C, and after application

5 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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inside a stainless steel case with a graphite type 15 conductive adhesive

on the cathode side and on the anode si de which functions not only as
a current collector but al so as a housing of a coin-shaped capacitor
cell, and subj ected to vacuum heat treatnent together with the
stainl ess steel case to renove water and the like. The 20 electrodes were
i npregnated with | ownoisture, non- — 9 —aqueous (organic type)
el ectrol ytes having conpositions as shown in Tables 1 and 3, and a
separator sheet nade of a pol yester nonwoven fabric was interposed
bet ween each two pol arization el ectrodes. The stainless steel cases
25 were crinp sealed by using insulating gaskets to obtain
coi n-shaped el ectric double | ayer cBpptetbrs having a di aneter of 18.4
mm and a [fhr cknesg§ of 2.0 nm - B-
Wth res ?t t o edch el Mixeid sodvein& [Llayer caga%*?co"?fc’lyte $3E 13094 Al
el ectric |f%& Wgreg CRlRTtrvlyeer@and mixing i pternal iF@sF‘?@-&ﬁce wer e
neasur ed.|] TH&, edch capagiaitQlo (vols) concentration

1 Sulfolane 70%+DMC 30% (C,Hg) ,NBF, 0.6M

2  |Sulfolane 70%+DMC 30% (C,Hs) (PBF, 0.6M

3 Sulfolane 70%+DMC 30% (C,Hg);CH;NBF, | 1.0M

4 Sulfolane 70%+DMC 30% (C Hg) 4NBF, 0.6M

5 Sulfolane 70%+DMC 30% (C,Hg) 3CE,PBF, l1.0M

6 Sulfolane 50%+DMC 50% (C,Hg) [NBF, 0.6M

7 Sulfolane 70%+DEC 30% (C,Hg) (NBF, 0.6M

8 Sulfolane 70%+DEC 30% (C,Hg) 3;CH,NBF, 1.0M

9 Sulfolane 80%-+DEC 20% (C,Hg)3CH;NBF, | 1.0M

10 Sulfolane 70%+MEC 30% (C,H; ) 4NBF, 0.6M

11  |Sulfolane 70%+MEC 30% (C,Hg) ,NBF, 1.0M

12 Sulfolane 70%+MEC 30% (C,Hy ) 3CH;NBF, 1.0M

13 |Sulfolane 70%-+MEC 30% (C,Hg);CH;NBF, | 1.5M

14 Sulfolane 70%+DiPC 30% (C, Hg ) 3CH NBF, 0.6M

15  |Sulfolane 70%-+MiPC 30% (C,Hg) {NBF, 0.6M

16 Sulfolane 70%-+MiPC 30% (C,Hy) ;CH;NBF, 1.0M

17 Sulfolane 70%+DnPC 30% (C,Hg ) 4CH4NBF, 0.6M

18 Sulfolane 70%-+D222TFEC 30% | (C,Hy) NBF, 0.6M

19 [sulfolane 70%+222TFEMC 30% |(C,Hj),NBF, 0.6M




was placed in a thernostat at 55C, and after application 5 of a voltage

‘of 3.3 V for 500 hours, the electric di scharge capacitance and the
i nternal resistance were nmeasured. Fromthe changes in electric
di schar ge capacitance and in internal resistance, the long term
performance and the long termreliability of the 10 respective capacitors
under a high working voltage were = 10eStimated by extrapol ation. The
results are shown in Tabl es 2 and 4.
- 9- Table 1 M xed solvent in
El ectrolyte salt and Exanple el y4e and m xing Its nol ar
No. ratig (\valog efégférninrprr ratian 1 Qi falane
70%DVC |30% [err] 0.6M 2 gﬁeylf h%ge 0%*B¥El %%
[1e(r)u 0. 6M o Sul f ol ane. 70%DMC f fter th tage-
. Initial properties of appllcatlon test
capacaitor
Example - -
No. Internal
Electric resistance Electric r;:i:i:iée
discharge (Q) discharge (Q)
capacitance capacitance
(F) 20°c | oec (%) 20°C
1 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 | 16.1 l.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 10.1 | 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




~

4 Sul f ol ane 70%-DMC 30%

©70%-DMC 30%

[err] .

0.

[err]
[err] | . OM
6M 7

0. 6M

Sul f ol ane

6 Sul f ol ane 50%-DMC 50%

sul f ol ane 70%-DEC 30%

[err]

14

19

0. 6M 8 Sul f ol ane 70%DEC 30% [err] 1. OM
Sul f ol ane 80%+DEC 20% [err] 1.0M 10 Sul f ol ane
70%+-MEC 30% lerr] 0.8 - 11  Sul fol ane 70%-MEC 30%
[err] | . OM 12 Sul f ol ane 70%-MEC 30% Terr]
1.0M 13 Sul f ol ane 70%MEC 30% [err] 1.5M
Sul f ol ane 70%+Di PC 30% [err] 0. 6M 15 Sul f ol ane
70%M PC 30% [err] 0. 6M 16 ~ Sul fol ane 70%-M PC 30%
[err] 1. OM 17  Sul f BrkAe 30%-DnPC 30% [err]
0. 6M 13 Sqr 1ol ane /0%rD222THEC 30% [ efr .
Sul f ol anp_ 7096224 TFEMC 18eed esolvent in %?%ﬁffr?tll’te 1sa19 &H
- 10 - N P electrolyte and mixing its molar
o. ratio (vols) concentration
20 Sulfolane 100% (C,Hg) 4NBF, 0.6M
Sulfolane 70%+
C,H:) ,NBF 0.6M
21 3-methylsulfolane 30% (CaHs) (NBF,
22 |sulfolane 100% (C,Hg);CH,NBF, | 0.6M
23 |sulfolane 100% (C,H;) ,PBF, 0.6M
24 Propylene carbonate 100% (C,Hg) ,NBF, 0.6M
Table 4
. ) Properties of capacitor
Initial properties of after the voltage-
capacaitor application test
Example
No. . Internal R Internal
Electric resistance Electric resistance
discharge (Q) discharge Q)
capacitance capacitance
(F) 200c | o°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 | 37.1 1.47 36.2
24 2,21 6.0 9.2 0.1 240.4




Table 2 Properties of capacitor

“after the voltage- Initial properties of application
test . capacai t or Exanpl e -No. El ectric | nt er nal
El ectric I nt er nal di scharge resi stance di schar ge
resi stance . capaci tance - 12 ferr] capaci tance
(P 20[err]C Oferr]C (P 20[err] C 1
2.02 9.4 13. 4 1.80 22.1 2 1.99 9.6
13.8 1.80As is appdtéht from Tables 2 and3 4, the ®léectrld 9 1.88
21.5 4 1.82 11.8 16. 1 1.61 20. 3 5
2.08 domiblelAalyer capabi®®r of the p2edent ifivention hask @8low 9.8.
13.7 1.75 25.1 7 1.96 9.8 13.6
1.73 internal registance at2apdow temperature3. and decrea®e in
21.0 9 1.95 9.9 14.8 1.84 23.9 10
2 01 dtg capacity and {ingrease in itg)ipgternaljiresistance 5
285 %O auggog’ebbrgacion 3 § gerekde ag piontgiha. v afely 10
i?gi 14}&Ffle.15&@%%eforf,6%£e7ele%%r§54§8ubie6igyer capa%gﬁég 15
8.8 13.3

of thelplgsent inven%%og 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 caﬁ 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.



17 1 5 2.7 17.3 1.61 27.8 18

‘2 11 1.88 24. 2 19 2.12
23. 7

TabI e 'j"”"l c"!ulllliﬂumﬂ xed solvent in El ectrol yte salt and Exanpl e
el ectrolyie a its Adlar  No. ratio (vol %
concentration Sul f ol ane 100% [err] 0. 6M
21 3-nethy|su|fo|ane 30% (C2H5) 4NBF4 0. 6M 22

Sul f ol ane 1Q&0ATMS: [err] 0. 6M 23 Sul f ol ane 100%
[err] 0. 6M 24 Propyl ene carbonate 100% [err]

0. 6M 1. An electric double Iay¢r capacitor comprising a

Properti es of capacitor Initial properties of after the

- vol t age- polarization electpmnds tand an electrolyfgigapahleh afest
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 Rlo(cb)OR2
(wherein R! and R2, which may be the same or different,

10 are monovalent organic groups).

2. The electric double layer capacitor according to
Claim 1, wherein R! and R? are organic groups selected
from the group consisting of CH4, C,Hg, (CHj3),CH,
CH;(CH,), and CF4CH,.

15 3. The electric double layer capacitor according to
Claim 1 or 2, wherein R! and R? are different monovalent
organic groups.

4. The electric double 1ayef capacitor according to any
one of Claims 1, 2 and 3, wherein the solvent contains

20 from 15 to 85 vols of sulfolane or a sulfolane
derivative, and from 85 to 15 vols of a chain carbonic
acid ester.

5. The electric double layer capacitor acco;ding to any
one of Claims 1, 2, 3 and 4, wherein the electrolyte

25 contains a quatérnary phosphonium salt or a quaternary

ammonium salt.
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- 12 - As is apparent from Tables 2 and 4, the electric

doubl e | ayer capachnoelettrhe é@@bbﬁtlamQEnGaBmChﬁgrac¢mD¢151ng|aternal
resistance at a | ow tenperature, and decrease in its capaci and

i ncrease in |tBPl¢E%?$@&°¢e%1%@%ﬁQ§? aQﬁcﬁR|¢%FQﬁﬁ91¥%ﬁlQﬁP4h %1®%Itage as

high as 3.3 V . litfle. There e,. the electric double er
cagaci tor ? SN IR L t‘ﬂﬁe‘iﬁ‘ Q)i\ec]aﬁ'y%r%‘ e sunfage y KGRy

vol t age for a I IIHE mnth£an ex eII rellqplllt

of the use®of % Jg%ﬁ{:orgy% e%:g(% li,ﬁln the sol}l\ient in the

electrolyte is an organic type mixed solvent containing

By virtue

sulfolane or a sulfolane derivative, and a chain carbonic
acid ester represented by the general formula R0(CO)OR2
(wherein R! and R2, which may be the same or different,

10 are monovalent organic groups).



10 contai ning sul folane and a chain carbonlc aci d ester as the sol vent
in_the.electrolyte, the electric double layer * i apaetor—af_the present
i fVention can attain a wor ki ng vol tage as high a<REPBAQEN§%ﬂp E'ET‘llf
and by virtue of t he high working voltage, it hag gtirgh cnc,bf:r' :
density 15 and such excellent properties that decreage]in Eﬂf

capaci tance and increase in the internal resistance afe 2 QYfWQﬁ

Consequently, the electric double |ayer capacito the present
i nvention can back up an I1C on a unit cell basis|{with a back up
voltage of 3.0 V and has a 20 high reliability. A
1. An electric double |ayer capacitor conprising a pol ari zati on

el ectrode and an el ectrol yte capabl e of form ng an el ectric double
| ayer on the surface of the 5 polarizatign.el ectrode, wherein the sol vent
in the el ectrolyte is an organic type m xed sol vent containi ng

ELECTRIC DOUBLE- LAYER CAPACITOR

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 a 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 electro;yte haviné a high
decomposition voitage. |
Conventional electric double layer capacitors use, as
an eleétrolyte, not only agqueous electrolytes containing

20 a mineral acid such as sulfuric acid, an alkali metal



sﬁlfolane or a sulfolane derivative, and a chaln ca
represented by the general formula, [err] - (\wher

c» IREPLACEMERG ‘&HEE f

wii'ch may be the sane or different, 10 are nonoval ent {organi ¢ group$)

2. The electric double |ayer capaC|tor according to
Rl.err] and Rlerr] are organic groups sel ected
consisting of CHerr]; [err], [err],” [err] and

el ectric double |ayer capacitor accordiff to Claiim 1 or 2, wherein

Rlerr] and Rl err] are different: nonoval ent org

QT oV 1994'©

frémjt he group

efn

[err T I5—8—TF

(S

ani ¢ groups.

el ectric double |ayer capacitor accordlng to an one of Clains 1,
and 3, wherein the sol venELEEERACNROUBRE EﬂéﬁﬁléAﬁﬁcéﬁgﬁnL@6of sul fol ane or
a sul f 6l ane derivative, and from85 to 15 vol % of a chain carbonic

acid ester. 5. The electric double |ayer capacitor according to any

one of Clainms 1, 2, 3 and 4, wherein the el ectrolyt

e 25 contains a

quat ernary pho%%%gaﬁg%salt or a quaternary ammoni um sal t.

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

The
2

electrolyte is an organic type mixed solvent containing

sulfolane or a sulfolane derivative, and a chain carbonic

acid ester represented by the general formula R0(CO)OR2

(wherein R! and R2, which may be the same or different,

10 are monovalent organic groups).
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