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_NON- AQUEQUS ELECTROLYTI C SOLUTI ON TECHNI CAL FI ELD The present invention IFWK'J
‘felates to a non-aqueous el ectrolytic solution for capacitors which

contains primarily cyclic carbonic ester, specifically a non-aqueous

el ectrolyti,c solution for electric double | dyer capacitors, nore

specifically a capacitor show ng high energy density and excell ent

w t h-stand vol t age aNQN1ﬂQﬂﬁﬂU§gELBCQBQE¥%ﬁ¢m§QQHﬂI@NpF@Be?b?kﬁJTQﬁuﬁND

especially a non-aqueous electrolytic solution that can provide electric
doubl e | ayer capacCAEASITORCFPNEAINTHGCREROPRPEOUS ELECTROLYTIC SOLUTION

5 The present invention relates to a non-agueous electrolytic
solution for capacitors which contains primarily cyclic
carbonic ester, specifically a non-aqueous electrolytic
solution for electric double layer capacitors, more
specifically a capacitdr showing high energy density and

10 excel-lent. with-stand voltage and charging/
discharging cycle properties, and especially a non-aqueous
electrolytic solution that can provide electric double layer
capacitors.
TECHNICAL BACKGROUND
15 Up to the present, capacitors, particularly electric double
layer capacitors having a capacity intermediate between that
. 6f a battery and that of a capacitor, as a backup power supply
for IC’s and memories and a supplement or alternative to
secondary batteries, ha_ve been used widely as a low-power
20 direcf_-current power supply. In recent years, howevér, there
have been new portable elzg_actronic devices coming into being one
.after anot;her, -such "ias.-_\.ITR with a built-in camera, celllular
éhohes and iaptoé computers. Amid this trend, there has been
a growing demand that thosé electric double layer capacitors
25 used as a backup powér supply .and a supplement or alternative

to secondary batteries should have higher energy density.
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Up to the present, capacitors, particularly electric double |ayer
capacitors having a capacity internedi ate between that of a battery and
that of a capacitor, as a backup power supply for ICs and nenories and a
suppl ement or alternative to secondary batteries, have been used w dely as
a |l ow power direct-current power supply. In recent years, however, there
have been new portable el ectronic devices comng into being one after

anot her, such as VIRwith a -built-in camar’a, cel l ul ar phones and | aptop

cl'octric doubl e MAFF ELPRET IS OUEILAFoR SHACH PP ALapI YRS RFLre -
SUPP! ement or gt L0l WfertOaSERORARNY iAbyE" 1R SRR LR RLGNCmRRET OV
ut'ilize a large capacity of the electric double layer that occur
between the electrodes and the electrolytic sélution to put in
5 and out an electric charge in the same manner as the charge and
discharge of batteries. Such electric double layexr capacitors
are normaliy'so constructed that they use a non-corrosive
electrolytic solution that does not corrode the capacitor
con.tainer or the collect;)r made of aluminum, copper or the like
10 and two electrodes formed froma material having a large surface
area suchl as activated carbon and a binder such as fluororesins
are so arranged that they face each other via a porous separator
made of polyethylene or polypropylene. '
As the electrolytic solution for such electric double layer
15 caipacitors, aqueous~solution-based electrolytic solution and
organic-solvent-based electrolytic solution (non~aqueous
electrolytic solution) are used. However, agueous-
solution-based electrolytic solution showing low potential
window of electrochemical stability (approx. 1.2 V) are
20 difficult to provide high-energy-density electric double layer
capacitors. |
' By contrast, compared with aqueous-~solution-based
electrolytic solution, 'organic—solvent—based electrolytic
solution (non-aqueous electrolytic solution) show high
25 potential window of electrochemical stability and therefore

make the formation of high-energy-density capacitors possible.
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2 These el ectric double | ayer capacitors, unlike batteries, do not convert
a-chem cal change into electric energy. They utilize a | arge capacity of
the electric double layer that occur between the el ectrodes and the

el ectrolytic solution to put in and out an electric charge in the sane
manner as the charge and di scharge of batteries. Such electric double |ayer
capacitors are normally so constructed that® they use a non-corrosive

el ectrolytic solution that does not corrode the_capacitor container or the
col | ector nade Bgcatismiafuthiseppbe @keqticlq ideabdfdlayer FaRATIIPES NgiRgd
froma material having a Iarge surface area_such as activyated carbon and a

bi nder such as BIRABICAISHELGFEIQLY LG SRJUG1PRATE REFIARARICER (PWNNTRi a a

porous sgpar at %se rapidly as a backup power supply for electronic equipment

for non-military use.

5 As such non-aqueous electrolytic solution, a mixture of a
non-aqueous solvent such. as cyclic carbonic ester having
exhibiting a high dielectric constant and an electrolyte such
as tetraethylammonium tetrafluoroborate, for example, is used.

However, such electrolytic solution as mentioned above has

10 had the problem of the inner electrical resistance of the
capacitor going up due to its low electric conductivity, making
it difficult to obtain high-output capacitors. Furthermore,
when future capacitors have high energy density, the
aforementioned electrolytic solution might be insufficient in

15 potential windowof electrochemical stability. Becauseof this,
it has been hoped that a non-aqueous electrolyte having‘ better
charging/discharging cycle properties will come into
existence.

SUMMARY
20 '~ The inventors of the present invention sought a solution to
the problems of the conventional tec_hnology as described above.
The present invention is intended to provide non-aqueous
electrolytic solutions which release a little gas, have
excellent potentiai window of electrochemical stability and
25 enable capacitors to show excellent charging/discharging cycle

properties and safety performance, and capacitors containing
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made of pol yet hyl ene or pol ypropyl ene. As the electrolytic solution for
such electric double | ayer capacitors, aqueous-sol ution-based electrolytic
sol uti on and organi c-sol vent - based el ectrol ytic sol ution (non-aqueous

el ectrolytic solution) are used. However, aqueous- sol ution-based

el ectrolytic solution showing | ow potential w ndow of el ectrochem cal
stability (approx. 1.2 V) are difficult to frovide high-energy-density

el ectric double | ayer capacitors. By contrast, conpared with
aqueous- sol ut i ofusls BgnepgRePRF \RlactyelytisnsobugiPRe- sol vent - based

el ectrolytic solutionnépon-aqueous el ectrolytic sqlution) sho

W hi gh
potential w ndow ofP@NOBrAFERRRT Chectraby Fit PoANE oAt SFBaﬁﬁE%rg (f the

formation of high-encroy: densi Ly SaRASLLY" $nPO5SLAlSIytic solution

containing at least one cyclic carbonic ester selected from
5 compounds of the following (1), (2) and (3) and an electrolyte:

(1) A compound which is represented by Formula (I):

(wherein R! to RY, which may be the same or different, are
hydrogen, the alkyl gréup, the unsaturated hydrocarbon
10 group or the aryl group or a group represented by ~CH,~
0-A, wherein A stands for R",- CO-R® or CO-0-R° [wherein R®
is the alkyl group or the unsaturated hydrocarbon groupl);
said compound being such that:
(i) In Formula I, at least one of R' to R' is the
15 aforementioned group represented by -CH,~0-A, with the
remaining groups selected from among hydrogen, the alkyl
group and the unsaturated hydrocarbon group.
(ii) In Formula I, at least one of R’ to R' is the unsaturated
hydrocarbon group, with the remaining groups selected from
20 'among hydrogen, the alkyl group, the aryl group and the
unsaturated hydrocarbon group.
(iii) In Formula I,' R! to R! are selected from among the alkyl
group and the aryl group.

(2) A compound which is represented by Formula (II):
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3 Because of this, the electric double |ayer capacitors using non-aqueous
el ectrolytic solution are beginning to cone into use rapidly as a backup
power supply for electronic equipnment for non-mlitary use. As such

non- aqueous el ectrolytic solution, a m xture of a non-aqueous sol vent such
as cyclic carbonic ester having exhibiting a high dielectric constant and
an el ectrol yte such as tetraethyl ammoni um ®etrafl uoroborate, for exanple,
is used. 'However, such electrolytic solution as nentioned above has had
the problem of the inner electrical resistance of the

10

15

20

(wherein R® and R’, which may be the same or different, is
hydrogen atom, the alkyl group or the unsaturated
hydrocarbon group); and

(3) A compound which is represented by Formula (III):

‘g(f -
8 .9

R R

(wherein R® and R’, which may be the same or different, are
the alkyl group, the aryl group or the unsaturated
hydrocarbon group).
The present invention also provides capacitors containing
the electrolytic solution comprising the electrolyte solvent
containing the cyclic carbonic ester of the pfesent invention

and an electrolyte.

The non-aqueous electrolytic solution for capacitors of the
present invention releases a 1little gas and shows high potential
window of electrochemical stability and excellent safety
performance and charging/discharging cycle properties.

Especially, the use of the non-aqueous electrolytic solution

i l'ill




capacitor going up due to its low electric conductivity, making it
difficult to obtain high-output capacitors. Furthernore, when future -
capacitors have high energy density, the aforenmentioned electrolytic
solution mght be insufficient in

pot enti al w ndowof el ectrochem cal stability. Becauseofthis, it has been hoped
that a non-aqueous el ectrol yte having bett®r charging/di scharging cycle
properties will cone into existence. SUMWARY The inventors of the present

i nventi on soughPraCapAcianf ©ofF the preserpsinyentioncan,thei formatihf ogy
as descri bed above. K The present invention,is intended to '

non- aqueous el EBPFDIYA%S eBgbdes Jrhe pREakning Qgs%aﬁa‘FH?’Tsee’&gé?’dqemate
excel lent potept LAl 3 (Y 1888 AL & Yas® LY bhbt 8Rer1ent
charging/discharging cycle properties and energy density.

5 This effect manifests itself markedly especially when the
electrolytic solution is.used in electric double layer
capacitors. |
ERIEF DESCRIPTION OF THE DRAWING

Fig.l is a perspective view illustrating the structure of

10 the capacitor element of a wound-type electric double layer
capacitor of the present invention.

Fig.2 is a perspective view illustrating the state of the
aforementioned capacitor element being inserted into the metal
case as a part integral with the sealing part.

15 DETAILED DESCRIPTION
Given below is a specific description of the non—aﬁueous
eleétrolyticsolutionsandcapacitorsofthebresentinvention.
NON-AQUEOUS ELECTROLYTIC SOLUTION FOR CAPACITORS
The non-electrolytic solution of the present- invention
20. comprises the non-aqueous solvent containing cyclic carbonic
ester and an electrolyte.
Cyclic carbonic ester:

Given below is a specific description of cyclic carbonic

ester. |
25 First, an explanation is given of the compound(1)which is

represented by Formula (I):
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enabl e capacitors to show excell ent charging/di scharging cycle properties
and safety performance, and capacitors containing 4 such non-aqueous

el ectrolytic solutions. The non-aqueous el ectrolytic solution for
capacitors of the present invention conprises an electrolytic solution
containing at |east one cyclic carbonic est#r selected from conpounds of
the following (1), (2) and (3) and electrolyte: (1) A conmpound which is
represented by Formula (1): [err] (wherein Rerr] to Rerr], which may be
the sane or different, are o O

Rz_ ; é ,.R3 (l)
1 4

(wherein R' to R', which may be the same or different, are
hydrogen, the alkyl group, the unsaturated hydrocarbon group
or the aryl group or a group represented by -CH,-0O-A, wherein

5 A stands for R’, CO-R®’ or CO-O-R°’ [wherein R® is the alkyl group
or the unsaturated hydrocarbon group]); said compound being
such that: |

(i) In Formula I, at least one of R® to R* is the aforementioned
group represented by -CH,~-0O-A, with the remaining groups

10 selected from among hydrogen, the alkyl group and the
unsaturated hydrocarbon group.

(ii) In Formula I, at least one of R!' to R' is the unsaturated
hydrocarbon group, with the remaining groups selected from
among hydrogen, the alkyl group, the aryl group and.the

15 nunsaturated hydrocarbon group.

(iii) In Formula I, R' to R' are selected from among the alkyl
group and the aryl group.

In Formula (I), as examples of the alkyl group, a
straight-chain or branched alkyl group having 1 to 20 carbon
20 atoms, preferably an alkyl group having 1 to 6 carbon atoms,
more preferably an alkyl group having 1 to 4 carbon atoms can
becited. Examples includemethyl, ethyl, n-propyl, isopropyl,
n-butyl, isobutyl, sec-butyl, tert-butyl, neopentyl and n-

hexyl. Out of them, methyl, ethyl, n-propyl, isopropyl, n-

Ml




hydrogen, the al kyl group, the unsaturated hydrocarbon group or the aryl
group or a group represented by -CHerr]- OA wherein A stands for Rerr],
CORerr] or COORerr] [wherein Rerr] is the alkyl group or the

unsat urat ed hydrocarbon group]); said conpound being such that: (i) In
Formula |, at |least one of Rerr] to R[errs} I's the aforenentioned group
represented by -CHerr]-OA wth the remal ni ng groups sel ected from anong

Formia | ;hehﬁgﬁﬁ Sr0Go adir el e eﬂgtﬁra‘)%ﬁé%)ﬁp%ie%ﬁr@ﬁyéso@g'r bon
, W I I
Gt oup. the aryPrgBnes REHHE SR AR ER e d ATL AN Y S0P gl

Formula I, R er']bxra(ﬁclﬁgar\{tlsﬂﬁa%%h%ﬂéa%ﬁﬁ%ﬁ hev &Y to 20 carbon
atoms, preferably an unsaturated hydrocarbon group having 2 to
5 6 carbon atoms, more preferably an unsaturated hydrocarbon
group having 2 to 4 carbon atoms canbe cited. Specific examples
include straight-chain or branched alkenyl groups such as vinyl,
allyl and isopropenyl and straight-chain or branched alkinyl
groups such as ethynyl and propargyl. As examples of the aryl
10 group, aryl groups having 6 to 30 carbon atoms, preferably 6
to 12 carbon atoms, such as phenyl, benzyl, naphthyl, biphenyl,
terphenyl, phenanthryl and anthracenyl can be cited.
The aforementioned alkyl group, unsaturated hydrocarbon
group and aryl group may have a substituent group. Such
15 substituent group may be the aforementioned alkyl group, aryl
group and unsaturated hydrocarbon group, for example. Inother
words, the alkyl group, unsaturated hydrocarbon group and aryl
group may be an alkyl-substituted unsaturated hydrpcarbon group,
_alkyl-substituted aryl group, aryl-substituted alkyl group and
20 aryl-substituted unsaturated h}}drocarbon group, for example.
As another preferable example of such substituent group, an
oxygen-containing group can be cited.
Examples of such oxygen-containing group include the alkoxy
group, aryloxy group, alkanoyloxy group, alkenoyloxy group,
25 ester group, acyl group, acyloxy group, carboxyl group,

carbonate group, hydroxy group, peroxy group and carboxylic
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group and the aryl group. (2) A conpound which is represented by Formula
(kK1) 5 [err] (wherein Rerr] and R err], which may be the sane or T
different, is hydrogen atom the al kyl group or the unsaturated hydrocarbon
group); and (3) A conpound which is represented by Forrmula (111): [err]
(wherein Rerr] and R err], which may be the sane or different, are the

al kyl group, the aryl group or the unsaturgated .

acid anhydride group. Out of these, the alkoxy group, aryloxy
group, acyl group, particularly alkanoyl gfoup and alkénoyl
group, acyloxy group, particularly alkanoyloxy group and
alkenoyloxy group can be cited as preferable examples.

5 As examples of the alkoxy grbup, preferably an alkoxy group
having 1 to '30 carbbn atoms, more preferably an alkoxy group
having 1 to 6 carbon atoms, can be cited. Specific examples
include methoxy, ethoxy, n-propoxy, isopropoxy, n-~butoxy,
isobutoxy and tert—butoxy-. As examples of the aryloxy group,

10 an aryloxy group having 6 to 30 carbon atoms, preferably an
aryloxy group having 6 to 12 carbon atoms, can be cited.
Specific examples include phenoxy group, 2,6-dimethylphenoxy
group and 2,4,6-trimethylphenoxy group.

An explanation is given of the compound (i) which is the

15 compound répresented by Formula (I) whereih at least one of R
to R' is the .aforementioned group represented by the
aforementioned -CH,-O-A, with the remaining groups selected
from among hydrogen, the alkyl group and the unsaturated
hydrocarbon group, the fol.lowj'.ng compounds (A), (B) and (C) can

20 be cited:

(A) The cyclic carbonic ester which is represented by the

following general formula (IV):

R‘\/ > é\/ﬂs
CH,—O—R’

wherein R' to R’, which may be the same or different, are

(1IV)

—_—_—
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hydrocarbon group). The present invention also provides capacitors
containing the electrolytic solution conprising the electrolyte sol vent
containing the cyclic carbonic ester of the present invention and an

el ectrolyte. The non-aqueous el ectrolytic 3% ution for capacitors of the
present invention releases a little gas and shows high potential w ndow of

el oot ochem cal ot o hide It erCeh Sl 8 REIL T°HE%s 2acn avoms,

non- aqueous el ect 1 olt SQLULLARyarobREpSRR6LD Hatil 7 B8 REEAH atons,
a hydrocarbon group having 1 to 7 carbon atoms and containing
the alkoxy group or an unsaturated hydrocarbon group having

5 2 to 7 carbon atoms and containing the alkoxy group; and

R® is an alkyl group having 1 to 6 carbon atoms Ar an
unsaturated hydrocarbon éroup having 2 to 6 carbon atoms
both of which may or may not contain oxygen .
Particularly, R' to R’ are preferably H, -CH;, ~C,Hg, ~CH=CH,,

10 a hydrocarbon group ha;}ing 1 to 7 carbon atoms and containing
the alkoxy group or an unsaturated hydrocarbon group having
2 to 7 carbon atoms and containing the alkoxy group,
especially preferably H or ~CH;.

R® is an alkyl group having 1 to 6 carbon atoms or unsaturated

15 hydrocarbon group having 2 to 6 carbon atoms both of which
ray or may not contain oxygen . Out of these, anunsaturated
hydrocarbon group containing or not cohtaining oxygen is
preferable. Particularly, the aryloxymethyl group and the
l-propenyloxymethyl group are used preferably.

20 For a combination of R! to R® and R’, R! to R’ are ﬁreferably
H or -CH,, and R’ is preferably an unsaturated hydrocarbon
group.

Examples of such cyclic carbonic ester include 4-
propyloxymethyl-1,3-dioxolane-2-one, 4-allyloxymethyl-

25 1,3-dioxolane-2-one, 4-allyloxymethyl-S—methyi-l,3~

dioxolane-2-one, 4-allyloxymethyl-4-vinyl-1,3-

_—
—_
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capacitors enabl es the obtaining of capacitors which generate high voltage,
release a little gas and show excel | ent chargi ng/ di schargi ng cycl e
properties and energy density. This effect manifests itself markedly
especially when the electrolytic solution is used in electric doubl.e | ayer
capacitors. BRI EF DESCRI PTION OF THE DRAWNG Fig. 1 is a perspective . view
illustrating the structure of the capacitgg el enrent of a wound-type

el ectric double | ayer capacitor of the préSent invention. Fig.2 is a

Gl ement being | nscHIP TG AR het o BARrvae A2 bV RLEl A Wit h the
sealing part. DETA{{{310n_S3 BALMN _a11y10xymethyl-5-alllylethylene-1,3-
dioxolane-2-one, 4-allyloxymethyl-5-(2’-methoxyethyl)-
1,3-dioxolane-2-one, 4-(1’'-propenyloxymethyl)-1,3-
5 dioxolane-2-one, 4-(1'-propenyloxymethyl)-S5-vinyl-1,3-
dioxolane-2-one, 4-propargyloxy-1,3-dioxolane~2-one, 4~
(3’ -butenyloxymethyl)~1,3~-dioxolane~-2~one, 4-~(2'-
butenyloxymethyl)-1,3-dioxolane-2-one, 4,5-
dimethoxymethyl-1,3-dioxolane-2-one, 4-methoxymethyl-5-
10 vinyl-1,3-~dioxolane-2-one, 4-methoxymethy1-4,5—diviny1-
1,3-dioxolane-2-one, and 4-ethoxymethyl-4-vinyl-1,3-
dioxolane~-2-one. Out of these, especialy preferable are
4-allyloxymethyl-1,3-dioxolane-2-one, 4-(1‘-
propenyloxymethyl)-1,3-dioxolane-2-one, 4-
15 allyloxymethyl-5-vinyl-1,3-dioxolane~-2-one and 4-(1‘-
propenyloxymethyl)-5~-vinyl-1,3-dioxolane-2-one.
(B) The cyclic carbonic ester which is represented by the

following (I):

PN
O O
B - > é ~rR3 (1)
23 R
20 ' wherein at least one of R' to R' is a group represented by

-CH,-0~CO-X (wherein X is hydrogen atom, an alkyl group
having 1 to 6 carbon atoms or an unsaturated hydrocarbon
group having 2 to 6 carbon atoms) and the remaining groups,

which may be the same or different, are any of hydrogen atom,

—_—

_—
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G ven below is a specific description of the non-aqueous electrolytic
sol utions and capacitors of the present invention. NONAQUEQUS ELECTROLYTIC

SOLUTI ON FOR CAPACI TORS The non-el ectrol ytic solution of the present
i nvention conprises the non-aqueous solvent containing cyclic carbonic
ester and an electrolyte. Cyclic carbonic ester: Gven belowis a specific
description of cyclic carbonic ester. Firg2, an explanation is given of the
conmpound(1)which is represented by Fornmula (1):

' an alkyl group having 1 to 6 carbon atoms, an unsaturated

hydrocarbon group having 2 to 6 carbon atoms, a hydrocarbon
group having 1 to 6 carbon atoms and containing the alkoxy
group, alkanoyloxy group or alkenoyloxy group and an

5 unsaturated hydrocarbon group having 2 to 6 carbon atoms
and containing the alkoxy group, alkanoyloxy group or
alkenoyloxy group.
In the aforementioned Formula (I), X is preferably an
unsaturated hydrocarbon group having 2 to 6 carbon atoms,

10 and particularly the'vinyl group and the isopropenyl group
are used preferably.
Furthermore, at least one of R! to R! of the cyclic carbonic
.ester(B) represented by the aforementioned Formula (I) is
~CH,~-0~-C0O-X (wheréin X is hydrogen atom, an alkyl group

15 having 1 to 6 carbon atoms or an unsaturated hydrocarbon
group having 2 to 6 carbon atoms) and the remaining groups,
which may be the same or different; are preferably H, -
CH;, -C,H; or —-CH=CH,.
Examples of such cyclic carbonic ester(B) include

20 4-acetoxymethyl-1,3-dioxolane-2-one,
4-propionyloxymethyl-5-vinyl-1,3-dioxolane-2-one,
4-acryloyloxymethyl-1,3-dioxolane-2-one,
4-acryloyoxymethyl-5-methyl-1,3-dioxolane-2-one,
4-acryloyoxymethyl-4-vinyl-1,3-dioxolane-2-one,

25 4-methacryloyoxymethyl-1, 3-dioxolane-2-.one,

4-methacryloyoxymethyl-5-vinyl-1,3-dioxolane-2-one,

This Sheet Has Been Reﬂlaced




7 [err] (wherein Rlerr] to Rerr], which may be the sane or different, are
hydr ogen, the al kyl group, the unsaturated hydrocarbon group or the aryl
group or a group represented by “CHerr]-O A wherein A stands for Rerr],
CORerr] or COORerr] [wherein Rerr] igsthe alkyl group or the

unsat urat ed hydrocarbon group]); said conpound being such that: (i) In

ropresent ed by - C S EACRY G bR R e 1 R ¢ e o
Formita | at |eabtt oo e s R Y e A o ton
group, wth the rengi(yputensybsxpréasfEdif,300ioxolane-2-one,

' 4-(3‘butenoyloxymethyl)-5-allyl-1,3~-dioxolane-2-one,

5 4-(3'butenoyloxymethyl)—S-methoxymethyl-l,3-dioxolane-
2-one, 4-(2’-butenoyloxymethyl)-5-allyoxymethyl-1,3-
dioxolane~2-one, 4-(2'—buteno§loxymethyl)-4-ethy1;5—
methyl-1,3-dioxolane-2-one and
4—(3'-butyn§yloxymethyl)-1,3-dioxolane—2-6ne.

10 out of these, 4—acryloyloxymethy1—1,3-dioxolane-2—one,
and 4-methacryloyoxymethyl-5-vinyl-1,3-dioxolane-2-one
are used especially preferably. |

(C) The cyclic carbonic ester which is a cyclic carbonic ester

which is represented by the following (I):

15

wherein at least one of R' to R' is a group represented by
-CH,- O—Gb—x (wherein X is hydrogen atom, an alkyl group
having 1 to 6 carbon atoms or an unsaturated hydrocarbon
group having 2 to 6 carbon atoms) and the remaining groups,
20 which may be the same oxr different, are any of hydrogen atom,
an alkyl group having 1 to 6 carbon atoms, an unsaturated
hydrocarbon group having 2 to 6 carbon atoms, a hydrocarbon
group having 1 to 6icarbon atoms and containing the alkoxy

group, alkanoyloxy group or alkenoyloxy group and an

This Sheet Has Been Relplaced

QT




anong hydrogen, the al kyl group, the aryl group and the unsaturated
hydrocarbon group. (iii) In Formula |, Rlerr] to Rlerr] are selected from
anong the al kyl group and the aryl group. In Forrmula (I), as exanpl es of
the al kyl group, a straight-chain or branched al kyl group having 1 to 20
carbon atons, preferably an al kyl group hayang 1 to 6 carbon atons, nore
preferably an al kyl group having 1 to 4 carbon atons can be cited. Exanples

i nclude nmethyl, et hiflsatrBteaYhydiSEuYHRAY brolpbhidving 125 @BUE YéariSeit dtéms! |
tert-butyl, neopentyl and n- hexyl. Qut- of them nef%yl, et hyl, n-propyl,
| sopropyl, n- and containing the alkoxy group.
In the aforementioned Formula (I), X is preferably an
unsaturated hydrocarbon group having 2 to 6 carbon atoms,
5 and particularly the allyl group and the 1-propenyl group
are usedlpreferably.
Furthermore, the R!' to R' of the cyclic carbonic ester
represented by the aforementioned Formula (I) with the
exception of -CH,~-0-COO-X are preferably H, -CH;, -C,H; or

10 ~CH=CH,.

Specific examples of such cyclic carbonic ester(C) include
4-methoxycarbonyloxymethyl-1,3-dioxolane-2-one,
4-methoxycarbonyloxymethyl-5-vinyl-1,3-dioxolane-2-one,
4—methoxycarbonyloxymethy1—5-allyloxymethy1—1,3—

15 dioxolane-2-one, 4~ethoxycarbonyloxymethyl-1,3-
dioxolane-2-one, 4-ethoxycarbonyloxymethyl-5-
methoxymethyl-1,3-dioxolane-2-one,
4-allyloxycarbonyloxymethyl-1,3-dioxolane-2-one,
4-allyloxycarbonyloxymethyl-5-methyl-1,3-dioxolane~2-

20 | one, 4-allyloxycarbonyloxymethyl-4-vinyl-1,3-dioxolane-~
2-one, 4-allyloxycarbonyloxyméthyl—S-allyl-1,3-
dioxolaﬂe—2—one, 4-allyloxycarbonyloxymethyl-5-(1°-
propenyloxymethyl)-1,3-dioxolane-2-one,
4-(1’-propenyloxycarbonyloxymethyl)-1,3-dioxolane-2-~one,

25 4-({1’-propenyloxycarbonyloxymethyl)-5-ethyl-1,3-

dioxolane-2-one, 4-(1’-propenyloxycarbonyloxy-methyl)-
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8 butyl, isobutyl, sec-butyl, tert-butyl are nost preferable. As exanples
of the unsaturated hydrocarbon group, a straight-chain or branched

unsat urat ed hydrocarbon group having 2 to 20 carbon atons, preferably an
unsat urat ed hydrocarbon group having 2 to 6 carbon atons, nore preferably
an unsaturated hydrocarbon group havinthqgcarbonatonEcanbecited.
Speci fi cexanpl es include straight-chain or branched al kenyl groups such as

Such as et hynyl - and Br ORIt A s a2 SHBraefalt tndnge) FPEREEL arvl oroups
Do?. oo O e okl ¥ ol oressuch 22
can be cited. The afoxSIEUI2ee, alkylkogiMiRrcadtboalibayRer iyl ogar bon
dioxolane-2-one and 4-propargyloxycarbonyloxymethyl)-5-
5 vinyl-1,3-dioxolane~2-one.
out of these, 4-methoxycarbonyloxymethyl-1,3-dioxolane-
2-one, 4-allyloxycarbonyloxymethyl-1,3~dioxolane-2-one,
4-allyloxycarbonyloxymethyl-5-methyl~1,3~dioxolane-2- |
one and 4-(1’-propenyloxycarbonyloxymethyl)-1,3-
10 dioxolane-2-one, for example, aré preferable.
Next, an explanation is given of the compound(ii) represented
by Formula (I), wherein at least one of R! to R is an unsaturated
hydrocarbon group, with the remaining groups selected from
among hydrogen, the alkyl group, the aryl group and the

15 unsaturated hydrocarbon group.

2 > é R D)
1 4 -

In the Formula(I),R', R?, R’ and R', which may be the same or

different, are preferably hydrogen atom, an alkyl group having

1 to 4 carbon atoms, an unsaturated hydrocarbon group having
20 2tod carbon atoms or an aryl group having 6 to 12 carbon atbms

and at least one of R' to R' is an unsaturated hydrocarbon group

having 2 to 4 carbbn atoms.

Examples of such cyclic carbonic ester(ii) include 4-

vinylethylene carbonate which is represented by Formula (I)
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group and aryl group may have a substituent group. Such substituent group
may be the aforenentioned al kyl group, aryl group and unsaturated

hydr ocarbon group, for exanple. In other words, the al kyl group,
unsat ur at ed hydrocarbon group and aryl grqﬁf may be an al kyl -substituted
unsat urat ed hydrocarbon group, al kyl-substttuted aryl group,

aryl -substituted al kyl _groyp_and ,aryl-substituted unsaturated hydrogarbon
group, for exa FE.elﬁsRan& h&p p‘?ef%?aﬁl%" x%:rrfﬂsetg? RS ﬁﬁ?é‘t‘%/'t denc

0roup, an OXRESSHONBLIY Ik S ABeRSRe S 1 p R B2 Fhute (1
o oy ox) 9y st RIBHOR BKPUPach Kl 20ardiih VUL ALY
carboxylic 4-methyl-4-vinylethylene carbonate which is represented by
5 Formula (I) wherein R! .and R’ are H, R’ is the methyl group, and
R' is the vinyl group; 4-—viny1-5—metﬁy1ethylene carbonate which
is represented by Formula (I) wherein R' and R’ are H, R? is the
methyl group, and R' is the vinyl group; 4-(1/,3°- .
butadienenyl)ethylene carbonate which is represented by
10 Formula (I) wherein R', R? and R® are H and R' is the 1/,3'-
butadienenyl group; and 4-(2‘,2‘~dimethyl)vinylethylene
carbonate which is represented by Formula (I) wherein R!, R?
and R® are H, R' is the 2',2'-diméthy1vinyl group.
As the cyclic carbonic ester(ii) represented by the
15 aforementionéd Formula(I) is preferably a compound whose R® is
CH=CH,, especially preferably vinylethylene' carbonate. or
4,5-divinylethylene carbonate whose R' is CH=CH,, R’ is CH=CH,
or hydrogen atom and R?* and R' are hydrogen atom.
Next, an explanation is given of the compound(iii)
20 represented by Formula (I), wherein R' to R' is a group selected

from between the alkyl group and the aryl group.
o :

Rz ; 4 "RJ (l)
L 4

In the Formula(I), R! to R', which may be the same or different,

are a group selected from between the alkyl group and the aryl
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9 acid anhydride group. Qut-of these, the al koxy group, aryloxy group, acyl
group, particularly al kanoyl group and al kenoyl group, acyl oxy group,
particul arly al kanoyl oxy group and al kenoyl oxy group can be cited as
preferabl e exanpl es. As exanpl es of the al koxy group, preferably an al koxy
group having 1 to 30 carbon atons, nore prgferably an al koxy group having 1
to 6 carbon atons, can be cited. Specific exanples include nethoxy, ethoxy,

ThB!SPSLy o SRS e VNGS5 PRisgadb Ay B plrchy miSRYZE O
an aryl oxy growp BavAribiP atems? he¥d PreFePHBbly @ alkyti §86up having 1 to
4 carbon atoms. The aryl Qroup is preferably an aryl group
having 6 to 20 carbon atoms, more preferably an aryl group ha;ring
5 6 to 12 carbon atoms.

In the Formula, R' to.R', which may be the same or different,
are most preferably an alkyl group having 1 to 4 carbon atoms
or an aryl group having 6 to 12 carbon atoms.

Examples of such cyclic carbonic ester(iii) include

10 4,4,5,5-tetramethyl-1,3-dioxolane-2-one, 4-ethyl-4,5,5-
trimethyl-1,3-dioxolane-2-one, 4-phenyl-4,5,5-trimethyl-
1,3-dioxolane~2-one and 4,4-diethyl-5,5-dimethyl-1,3~
dioxolane-2-one.

The preferable examples of the cyclic carbonic ester(iii)

15 are 4,4,5,5-tetramethyl-1,3~-dioxolane-2-one and 4,4,5,5-
tetraethyl-1,3-dioxolane-2-one whose R! to R' is CH, or C,H, in
the Formula.

Next,below is given an explanation of the compound(2)

represented by the followirig Formula (II):

of’lL\Wa
5 ) Z (o)
() a’
20

(wherein R® and R’, which may be the same or different, are the

alkyl group or the unsaturated hydrocarbon group).
In the Formula, R® and R’, which may be the same or different,
are preferably an alkyl group héving 1 to 4 carbon atoms or the
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Speci fic exanpl es include phenoxy group, 2,6-dinmethyl phenoxy group and
2,4,6-trinmethyl phenoxy group. An explanation is given of the conmpound (i)
-whi ch is the conmpound represented by Fornula (1) wherein at | east one of
Rlerr] to Rlerr] is the aforenentioned group represented by the
aforenentioned -CH err]-OA wth the remaiigi ng groups sel ected from anong
hydrogen, the alkyl group and the unsaturated hydrocarbon group, the

foll owi ng conpoyRdstafited B &%a(rgbncaeoaﬁ Kiv @ A Ab Theagyéhi stems bonic
ester which is represented B§ the foll dwi ng general formula (1V): [err]
wherein Rlerr] to gfiaipiks dhigieHreychbectderisanie estér({2 primetluder einylene
carbonate,4,5—dimethylviny1enecarbonateand4—ethylvinylene
carbonate.
5 The preferable examples of cyclic carbonic ester(3) are
vinylene carbonate, 4-—methylirinylene carbonate and 4,5-
dimethylvinylene carbonate whose R° and R’ are hydrogen atom
or the methyl group.

Below is given an explanation of the compound(3) represented

10 by Formula (III).

wherein R® and R’, which may be the same or different, are the
alkyl group, the aryl group or the unsaturated hydrocarbon
group.
15 Examples of such cyclic carbonic ester(3) include 5,5-
dimethyl-1,3-dioxane-2-one, 5,5-diethyl-1, 3-—di_oxane—2—
one, 5,5-divinyl-1,3-dioxane-2-one, 5-vinyl-5-methyl-1,3-
dioxane-2-one and 5-ethyl-5-methyl-1,3-dioxane-2-one.
The preferable examples of the cyclic carbonic ester(3) are
20 5,5-dimethyl-1,3-dioxane-2-one and 5,5-diethyl-1,3-
dioxane-2-one whose R® and R’ are CH, or C,H,.
Such cyclic carbonic ester represented in (1), (2) and (3)
above shows excellent acid resistance, is not oxidated when

allowed to stand in the atmosphere, and is chemically stable
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10 hydrogen atom an al kyl group having 1 to 6 carbon atqQnms, an unsaturated
hydr ocar bon group having 2 to 6 carbon atons, a hydrocarbon group having 1
to 7 carbon atons and contai ning the al koxy group or an unsaturated

hydr ocar bon group having 2 to 7 carbon atons and contai ning the al koxy
group, and Rerr] is an alkyl group having 1 to 6 carbon atons or an

unsat urat ed hydrocarbon group having 2 to 69 carbon atons both of which may
or may not contain oxygen Particularly, Rerr] to Rerr] are preferably H,

-CHerr], -( erwitfcaiy jreacﬁtﬁfu[iehrx}atea: tindep mirhal sioriychasndftloddof
carbon atons and contai ning the al koxy group or an unsaturated hydrocarbon
group having reacting with highly reactive_ substances such as metal lithium.
Furthermore, such cyclic carbonic ester has the properties of
being physically safe, being not readily decomposéd thermally
5 and being flame4ret?rdant and resistant to electrochemical
oxidation or reduction.

Therefore, such cyclic carbonic ester can be used suitably
for a solvent for the electrolytic solutions for use in
capacitors, batteries and electrochemical reaction. Moreover,

10 such cyclic carbonic ester can be used suitably in
pharmaceuticals, agrochemicals, acrylic fiber processing
agents, polymer compound solvents and organic intermediates.
Non-aqueous solvent for elecfrolytic solution:

In the present invention, non-aqueous solvents containing

15 the aforeméntioned cyclic carbonic ester are used as the solvent
for electrolytic solution . Such solveht may be one or more
solvents of the aforementioned cyclic carbonic ester or a mixed
solvent with another solvent.

Examples of such another solvent include cyclic carbonic

20 esters such as ethylene caz"bonate, propylene carbonate,
butylene carbonate and vinylene carbonate; chain carbonic
esters such as dimethyl carbonate, methylethyl carbonate,
diethyl carbonate, methylpropyl carbonate and methylisopropyl
carbonate; cyclic esters such as ¥ -~butyrolactone, 3-methyl-

25 Y -butyrolactone and 2-methyl-7¥ -butyrolactone; chain esters

such as methyl formate, ethyl formate, methyl acetate, ethyl

e
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2 to 7 carbon atons and containing the al koxy group, especially preferably
Hor -CHerr]. Rer] is an alkyl group having 1 to 6 carbon atons or
unsat ur at ed hydrocarbon group having 2 to 6 carbon atons both of which may
or may not contain oxygen. Qut of these, an unsaturated hydrocarbon group
cont ai ning or not containing oxygen is prefeoable. Particularly, the
aryl oxymet hyl group and the 1-propenyl oxymethyl group are used preferably.

For a conbi nati cacetatd epidpyDabbeaté, ae€hil propiofhee ) hethy Rbityrateaand
preferably Hor -CHerr], and Rerr] is preferably an unsaturated

hydr ocar bon groupetﬁyxuqdkaraab sagbligcetlersasinoh aself érdioxanele 13-
propyl oxynet hyl - 1, 3- di oxol ane- 2-one, 4-allyl oxynethyl- 1, 3-di oxol ane- 2-one,
4-al | yl oxynet hyl dfoxmkand, te3rahydrofurane, 2-methyl tetrahydrofurane and
3-methyl-1,3-dioxolane,; chain ethers such as 1;2- |
5 dimethoxyethane, 1,2-diethoxyethane, diethylether,
dimethylether, methylethylether and dipropylether; and
sulfur-containing compounds such as sulfolane.
Further, as cyclic carbonic ester, the cyclic carbonic ester
having the halogen atom-substituted alkyl group described in
10 Japanese Laid-open Patent Publication HEI 9-63644 may be used
in addition to the aforementioned cyclic carbonic esters given
as examples. Examgles‘of-such-cyclic carbonic, ester include
'monofluoromethflene carboﬁaté{ difluoromethylene carbonate
and trifluoromethyl-ethylene carbonate.
15 These solvents may be used singly or in combination with one
or not less than two of them.
In the present invention, if the cyclic carbonic ester
represented in (1), (2) and {(3) above and another solvent are .
mixed, the.cyclic.carbonié ester‘rebresented in (1), (2)
20. and (3). abox}e is contained in ‘such electrolyte soivent
preferably in the"amdunt of at least 0.1 wt3; preferably.
not less than 0.5 wt$%, more_pfeferably 1 to 100 wt%,

against the total amount of the electrolyte solvent.

Electrolyte:
25 Specific examples of the electrolyte contained in the

non-aqueous electrolytic solution for capacitors to which the
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di oxol ane- 2-one, 4-allyl oxynethyl-4-vinyl-1, 3- di oxol ane- 2- one,
4-al |yl oxymet hyl - 5-vi nyl -1, 3- di oxol ane- 2- one,

4-al lyl oxynet hyl -5-al | | yl et hyt ene-1, 3- di oxol ane- 2- one,

4-.al | yl oxynet hyl - 5- (2' - met hoxyet hyl ) - 1, 3-di oxol ane- 2- one,

- propenyl oxynet hyl ) -1, 3- dioxolane-Z-O?P,
propenyloxynethyl) 5-vinyl -1, 3- di oxol'ane- 2-one,

4 propar gyl oxynéq:ﬁ Qxal anes 2-one

(3" - but enyl oxy

yﬁe)" 11§V8f\8§<%ﬁlaﬁ%lazte(§n emcz]ruflﬁ ammonium salts such as

but enyl oxymet hy't?e\%l:' ﬁ)l Qﬁ?ﬂh@ﬂguxg Pé\?rfﬂ’u%ﬁoboratﬁyf (GeHo) NBF,) ,

di met hoxymet hyl

ane- one oxymnet

3- di 0x0lig-aet s amfloABAR AT Iordbordtd! (Ve H;) NBF, ),
triethyl-monomethylammonium tetrafluoroborate
5 ((C.,Hs),(CH,;)NBF,), tetrabutylammonium hexafluorophosphate
({C,H,) ,NPF;), tetraethylammonium hexafluorophosphate
((CHs) NPF;) and triethyl moonomethylammonium
hexafluorophosphate ( (C,Hs); (CH;)NPF,) ; phosphonium salts such
as tetrabutylphosphonium tetrafluoroborate ((C.H,),PBF,),

10 tetraethylphosphonium tetrafluoroborate ((C,Hs),PBF,),
tetrabutylphosphonium hexafluorophosphate ((C.H,).PPFG) and
.tetraethylphosphonlum tetrafluorophosphate ((Cgu)‘PPF,), and
the electrolytes used normally for the electrolytic solutions
for electric do.uble layer capacitors, such as the electrolyte

15 described in the International Publication W095/15572
Publication. |

Oout of these, (CH,)NBF,, (C,H;),NBF, and (C,H,),(CH,)NBF, are
preferably used.
The electrolyte is contained in an amount of normally 0.1

20 to3mol/liter . preferably 0.4 to1.5mol/liter, more preferably
0.5 to 1.5 mol/liter in such non-aqueous electrolytic solution
for capacitors. Since the non-aqueous electrolytic solution
for electric double layer capacitors of the present iﬁvention
contains the cyclic carbonic ester represented in (1),(2) and

25 (3), it shows high potential window of ‘electrochemical

stability and excellent charging/discharging cycle properties.
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1,-3-.di oxol ane- 2-one, and 4-ethoxynet hyl -4-vinyl -1, 3- di oxol ane-2-one. Qut
of these, especialy preferable are 4-allyl oxynethyl -1, 3-di oxol ane- 2-one,
4-(1' - propenyl oxynet hyl) -1, 3-di oxol ane- 2-one, 4- '
al I yl oxynet hyl - 5-vi nyl - 1, 3- di oxol ane-2-one and 4-(1'-
propenyl oxymet hyl ) - 5-vi nyl - 1, 3- di oxol ane-2-one. (B) The cyclic carbonic
ester which is represented by the followng2(l): [err] wherein at |east one
of Rlerr] to Rlerr] is a group represented by -CH err]-OCO X (wherein X is
hydr ogen at om Moredved, thewmpnhaguagud ellectroiybim salantonrofathe presenat ed
hydrocarbon group having 2 to 6 carbon atons) and the renmining groups,
whi ch may be t hventdog shipiwseachigh aflasinypodhthand ogeseklienty safety
performance compared with such conventional solvents used for
electrolytic solutions as 1,3-dioxolane, tetrahydrofuran and
5 1,2-diethoxyethene. Because of this, the use of he non-aqueous
electrolytic solution for electric double layer capacitors of
the present invention enables the obtaining of electric double
layer capacitors which show high safety performance and high
with-stand voltage and excellent charging/discharging cycle
10 properties.
Capacitors:
The electric double layer capacitors are made up of two
electrodes, a separator and normally a corrosion-resistant
electrolytic solution. The two electrodes formed from a
15 material having a large surface area such as activated carbon
and a binder such as fluororesins are so arranged that they face
each other via a porous separator made of polyethylene or
polypropylene, and the space between these electrodes and the
porous separator and the inside of the porous separator are
20 filled with the electrolytic solution.
As the electrodes, electrodes formed from a material having
a large surface area such as activated carbon and a binder such
as fluororesins are used preferably.
As the electrode material, activated carbon is preferable.

25 As examples of activated carbon, fibrous or powder activated

carbons can be cited, such as phenol-based, pitch-based,
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12 an al kyl group having 1 to 6 carbon-atoms, an unsaturated hydrocarbon
group having 2 to 6 carbon atons, a hydrocarbon group having 1 to 6 carbon
atons and containing the al koxy group, al kanoyl oxy group or al kenoyl oxy
group and an unsaturated hydrocarbon group having 2 to 6 carbon atons and
contai ning the al koxy group, al kanoyl oxy group or al kenoyl oxy group. In the
af orenentioned Fornmula (1), X is preferably an unsaturated hydrocarbon
group having 2 to 6 carbon atons, and parti%hlarly the vinyl group and the
I sopropenyl group. .

’ pelyacrylonitrile-based and-cogonut—sheli—basgd activated
carbons..Nbrmally[activatedcarbonshavingiispecificsurface
area of not less than 1,000 m*/g are preferable. Further, as.
examples of the method for activating carbon, the steam

S activation and alkali activation methods can be cited.

As examples of the binder, carboxymethylcellulose,
polyvinylidene chloride, polyvinyl pyrrolidone, polyimide,
polyvinyl alcohol and polyacrylic acid. Further, acombination
of the aforementioned electrode material (activated material

10 and a collector is normally used preferably for the electrodes.

As the collector, aluminum foil, for example, is used
preferably.

As preferable examples of the separator, porous films and
nonwoven fabrics made from polyolefin such as polyethylene and

15 polypropylene can be cited.

Given below is an explanation of a specific example of the
electric double layer capacitors, using a drawing.

The Fig.l and Fig.2 of are the illustrations showing the
structure of the capacitor element of a wound-type electric

20 double layer capacitor, which is a type of electric double layer
capacitor and the state of the aforementioned capacitor element
being inserted into the metal case as a part integral with the
sealing part. 1In the Fig.l and Fig.2, 1 represents a capacitor
element, -and this Capacitor Element 1 is formed by winding

25 Polarizable Electrode 3 on the anode side to which Anode Side

Lead Wire 2 is connected and Polarizable Electrode 5 on the

—_—
This Sheet H.

i



are used preferably. Furthernore,. at least one of Rlerr] to Rerr] of the.
cyclic carbonic ester(B) represented by the aforenentioned Fornula (1) is
-CHerr]-OCO X (wherein X is hydrogen atom an al kyl group having 1 to 6
carbon atons or an unsaturated hydrocarbon group having 2 to 6 carbon
atons) and the remai ning groups, which may be the sane or different, are
preferably H - CHerr], -(err]Herr] or -CHCHerr]. Exanples of such
cyclic carbonic ester(B) i ncl ude 4-acetoxyngt hyl - 1, 3- di oxol ane- 2- one,

4- propi onyl oxynet hyl - 5-vi nyl - 1, 3- di oxol ane- 2- one,
4- acryl oyl oxynet@atihode3 sddexbe aﬁy.cp §ashode Side 'Lead Wire 4 is connected,

4- acryl oyoxymet hy] - 5- net hyl - 1, 3- di oxo] ane- 2- one )
4- acryl oyoxynet KAty S\ﬁpﬁfPT-?rSG PRIpeadAs-betyeen. Sealing Part 7, made of

rubber, is attached to the Anode Site Lead Wire 2 and Cathode
Site Lead Wire 4 of Capacitor Element 1. Further, Capacitor
5 Element 1, previously impregnated with a driving electrolytic
solution, is put in Metal Case 8 made of aluminum in a bottomed
cylindrical form. As a result of Capacitor Element 1 being
housed in Metal Case 8, Sealing Part 7 is located at the opening
of Metal Case 8, and the opening of Metal Case 8 is sealed by
10 subjecting the case to the processing of side squeezing and
curling. As a result, Sealing Part 7 is caused to fit into the
opening of Metal Case 8.
In the foregoing, an explanation is given of an electric
double layer capacitor of the wound type.' However, the same
15 effect can also be achieved by using the electrolytic solution
of the present invention in other electric double layer
capacitors having a structure different from that of the
wound-type electric double layer capacitor, such as the
electric double layer capacitor of the coin type described in
20 the Japanese Published Patent HEI 3-51284 Publication and the
electric double layer capacitor of the laminated type described
in the Japanese Laid-open Patent HEI 8-78291 Publication.
EXAMPLES
In the following examples are described several preferred
25 embodiments to illustrate the present invention. However, it

is to be understood that the present invention is not intended
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met hacryl oyoxymnet hyl - 1, 3- di oxol ane- 2- one,
- met hacr yl oyoxynet hyl - 5-vi nyl - 1, 3- di oxol ane- 2- one, 13
met hacryl oyoxymet hyl - 4-vi nyl - 1, 3- di oxol ane- 2- one,
met hacryl oyoxynet hyl - 4, 5-di net hyl - 1, 3- di oxol ane- 2- one,
(3' but enoyl oxynet hyl ) - 1, 3- di oxol ane- 2- one,
(3' but enoyl oxynet hyl ) -5-al |l yl -1, 3-di oxol ane- 2- one,
(3' but enoyl oxynet hyl ) - 5- met hoxynet hyl - 1, 32%i oxol ane- 2-one,
(2' - but enoyl oxynet hyl ) -5-al | yoxynet hyl -1, 3- di oxol ane-2-one, 4-(2
but enoyl oxynet Hd Jpesldmigedsto rfd!mﬁpelllildl enbpdhmentsHne and

In this patent application, the evaluation of the potential
window of electrochemica; stability of the electrolytic
solution and the charging/discharging test were conducted as
described below. |

The results are shown in Table 1.

Potential window of electrochemical stability:

The aforementioned electrolytic solution was put in a
three-pole potential window of electrochemical stability
determination cell using a glassy carbon électrode for the work
electrode and the counter electrode and an Ag/Ag+ electrode as
the reference electrode, .and the electric potential was scanned
at 10 mV/sec by use of a potentiogalvanostat. With the Ag/Ag+
electrode used as the réference, the range in which not less
than 1 uA of oxidation reduction decomposition current did not
flow was regarded as potential window of electrochemical

stability.

. Charging/ discharging Test:

A charging/discharging test was conducted in which the

process of charging a capacitor up to a final charging voltage

of 3.5V at a charging current of 3A in an environment at 70°C

and then discharging the capacitor to a final discharging
voltage of 1.5V at a discharging current of 3A was determined
to be ohe cycle. Under these conditions, the amount o_f change
in the capacity of the wound-type electric double layer

capacitor after 10,000 cycles was determined.

_
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4- (3' - but ynoyl oxynet hyl ) - 1, 3-di oxol ane- 2-one. Qut of these,.

4-acryl oyl oxynet hyl - 1, 3-di oxol ane- 2-one, and

4- met hacryl oyoxynet hyl - 5-vi nyl - 1, 3- di oxol ane-2-one are used especially
preferably. (C The cyclic carbonic ester which.is a cyclic carbonic ester
which is represented by the following (1): [err] wherein at |east one of
Rlerr] to Rlerr] is a group represented by CH[err] O COO X (wherein X is
hydrogen atom an aIkyI group having 1 to é carbon atons or an unsaturated
hydr ocar bon grogglyﬁglge 2 to 6 carbon atons) and the renaining groups,

whi ch may be th different, are any of hydrogen atom an al kyl

group having 1 1058 G339, ALAIT,e HhASAbHLE" Ee R AR YR IUER DBKLN 2

to 6 carbon atons, rocar
prepared by dissolving 2.17 g (0.01. mol ) of tetrafluoroborate

tetraethylammbnium ((C,Hs) ,NBF,) in 4-methacryloyloxymethyl-
5 1,3-dioxolane-2-one (electrolyte concentration: 0.5
mol/liter). The potential window of electrochemical stability
of the electrolytic solution thus obtained was determined.
Moreover, a wound-type electric double layer capacitor with
a rated capacity of 2.3V30F (18 mm in diameter x 40 mm in length)

10 as shown in Fig.l and Fig.2 was prepared by using the non-aqueous
electrolytic solution obtained as described above as the
électrolyéic solhtion,;an aluminum foil, that its surface is
roughened, coated with a slufry in water of a mixed powder of
coconut shell activated carbon powder, acetylene black and

15 carboxymethylcellulose in the prescribed thickness and dried
as the polarizable electrode, and nonwoven fabrics made from
polypfopylene as the separator. A charging/discharging test
was conducted on the wound-type electric double layer
capacitor.

20 Further, in the following Examples, wound-type electric
double layer capacitors similar to the one of Example 1 were
prepared, and a charging/discharging test was conducted on the
wound-type electric double layer capacitors.

Example 2:
25 25 milliliters of non-aqueous electrolytic solution were

prepared by dissolving 2.71 g (0.0125 mol) of tetrafiuoroborate
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gr oup having 1 to 6 carbon atons and containing the al koxy group,. .
al kanoyl oxy group or- al kenoyl oxy group and an 14 unsaturated hydrocarbon
group having 2 to 6 carbon atons and contai ning the al koxy group. In the
af orenenti oned Fornmula (1), X is preferably an unsaturated hydrocarbon
group having 2 to 6 carbon atons, and particularly the allyl group and the
1-propenyl group are used preferably. Furthernore, the R err] to Rerr] of
the cyclic carbonic ester represented by the&7 af orenmentioned Fornula (1)
wth the tetraethylammonium ((C,H;)NBF,) in 4-acryloyloxymethyl-1,3-
dioxolane-2-~one (electrolyte concentration: 0.5 mol/liter).
The electrolytic solution thus obtained was evaluated in the
same manner as described in Example 1. Moreox}er, a wound-type |
5 electric double layer capacitor was prepared in _the same manner
as described iﬁ Example 1 except that the electrolytic solution
thus obtained was used. A charging/discharging test was
conducted on the wound-type eleétric double.layer éapacitor
under the same conditions used in Example 1.
10  The results are shown in Table 1.
Comparative Example 1:

An electrolytic solution was prepared in the same manner as
described in Example 1 except that propylene carbonate was used
in place of 4—methacryloyloxymethyl—l,3-dioxolane—2—oné in

15 Example 1. | |
Moreover, a wound-type electric double layer capacitor was
prepared in the same manner as described in Example 1 except
that the electrolytic solution of Comparative Example 1 is used.
A charging/discharging test was conducted on the wound-type
20 electric double layer capacitor under the same conditions as

those of Examples 1 and 2.

The results are shown in Table 1.

This Sheet Has Been

I



exception of
-CH=CH err].
4- met hoxycar bonyl oxynet hyl
4- met hoxycar bonyl oxynet hyl
4- met hoxycar bonyl oxynet hyl

-CH[err]

4- et hoxycar bonyl oxynet hyl
4- et hoxycar bonyl oxynet hyl

-al | yl oxycar bonyl oxynet hyl

- 5-vi nyl

-5- al |l yl oxynet hyl

-O-COO X are preferably H
Speci fic exanples of such cyclic carbonic ester(C
-1, 3-di oxol ane- 2- one,

-1, 3-di oxol ane- 2- one,
-1, 3- dioxol ane-2-one,

-1, 3- di oxol ane- 2- one,
-5- met hoxymnet hyks 1, 3- di oxol ane- 2- one,

-1, 3-di oxol ane- 2- one,

-CHerr],

-Clerr]Herr] or
I ncl ude

4
4- al | yl oxycar bonyl oxynet hyl - 5- net hyl - 1, 3- di oxol ane-2- one,
4-a|IonxycarbononxynEthyI 4-vinyl - 1 3 |ox9Iane- 2- one,
4-al | yl oxycar bongt UAWIUL I y' ) 50?\1 I;r\g—lr Potent.\.uz\ xﬁgwe-of' jI{ect:roc:hem:n.c:.\1 Amount of
4-al |l yl oxycar bongjl oxynet Wyl - 5"t atability change in
{V vs Ag/Ag+)
Oxidation Reduction | Potential |capacity
potential potential [difference (%)
(V vs {V vs (V)
Ag/agt) Ag/Ag+t)
Example'1 |4-metha- 3.8 -3.3 7.1 -4
cryloyloxy-
methyl-1,3~
dioxolane-2~
one
Example 2 |4- 4.8 ~3.5 8.3 -3
acryloyloxy-
methyl-1,3-
dioxolane
. -2-one
Comparative [Propylene 2.4 ~3.1 5.5 -12
[Example 1 carbonate

It can be seen from Table 1 that since Examples 1 and 2 show
highoxidationpotentialandzasignificantpotentialdifference_
5 between oxidation potential and reduction potential compared
with COmparative Example 1, Examples 1 and 2 show high potential
window of electrochemical stability. Furthermore, it can aléo

'be seen that since the wound-type electric double layer
capacitors using the electrolytic solutions of Examples 1 and

100 2 show only a slight change in capacity after the

charging/discharging test compared with the wound-type

electric double layer capacitors using the electrolytic
solutions of Comparative Example 1, the use of the electrolytic
solution of the present invention makes possible the formation
15

of electric double layer capacitors which show high with-stand

voltage and excellent charging/discharging cycle properties.
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ropenyl oxynet hyl ) - 1, 3- di oxol ane- 2- one,
-(1' - propenyloxycarbonyloxynethyl) 1, 3- di oxol ane- 2- one,
(1' - propenyl oxycar bonyl oxynet hyl ) - 5-et hyl -1, 3- di oxol ane- 2- one,
4- (1' - propenyl oxycar bonyl oxy- et hyl ) -
5-al  yoxynet hyl - 1, 3- di oxol ane-2-one, 4-(3' 29
but enyl oxycar bonyl oxynet hyl ) -5, 5-di net hyl - 1, 3- di oxol ane- 2- one,
4- pr opanoxycar bpyhgxy et hyl - 1, 3- di oxol ane- 2-one and
4- pr opar gyl oxycar bonyl oxynet hyl ) -5- vinyl -1, 3-di oxol ane- 2-one. Qut of
t hese, 4-met hoxycasoanyhexyssidVos Jn&r-t&;%ahaneieatmuc solution were
4-al | yl oxycar bonyl oxynet hyl - 1, 3- di oxol ane- 2- one,
prepared by dissolving 2.17 g (0.01 mol) of tetrafluoroborate

Jlib'o

tetraethylammonium( (C,H;) ,NBF,) in 4 -7a1lyloxydarbonyloxymethyl
5 <1,3-dioxolane-2-one (electrolyte concentration: 0.5
mol/liter). The potential window of electrochemical stability
of the electrolytic solution thus obtained was determined. A
charging/discharging test was conducted on the wound-type
electric double layer capacitor thus obtained in the same manner
10 as described in Example 1.
The results are shown in Table 2.
Example 4:
25 milliliters of non-aqueous electrolytic solution were
prepared by dissolving 2.71 g (0.0125 mol) of tetrafluoroborate
15 tetraethylammonium ((C,H;),NBF,) in a mixed solvent of 4-
methyloxycarbonyloxymethyl-1,3-dioxolane-2-one and pfopylene
carbonate mixed in a ratio by weight of 1:4 (electrolyte
concentration: 0.5 mol/liter). The potential window of
electrochemical sfability of the electrolytic solution thus
20 obtained was determined.
A charging/dischérging test was conducted on the wound-type
electric double layer capacitor thus obtained in the same manner
as described in Example 1.
The results are shown in Table 2.
| 25 Example 5:

25 milliliters of non-aqueous electrolytic solution were
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4- al | yl oxycar bonyl oxynet hyl - 5- net hyl - 1, 3- di oxol ane-2- one and
4- (1' - propenyl oxycar bonyl oxymet hyl ) - 1, 3 di oxol ane- 2-one, for exanple, ?are
-preferable. Next, an explanation is given of the conpound (ii) represented
by Formula (1), mherern at |l east one of Rerr] to Rerr] is an unsaturated
hydr ocar bon group, with the remai ning groups sel ected from anong hydrogen

the al kyl group, the aryl groumoand the unsaturated hydrocarbon group.; ... . ...
[err] In the Formula(l),Rerr], Rerr], Rerr] and Rerr], which may be the -

sanprepateliiis 806so B Engdp efer;a(:d wﬂm@gpofaianmfanoabkgtage oup having: 1 to .

4 carbon atons, an unsaturated hydrocarbon group having 2 to 4 carbon atofne

or aﬂet&eyélthglamoﬂmmm,ﬁ Y.BBRJ dar bon atons and at | east one of R[err] to.

Rlerr] is an unsaturated hydrocarbon group
4-allyloxymethyl-1,3-dioxolane-2-one (electrolyte

concentration: 0.5 mol/liter). The potential window of
5 electrochemical stability of the electrolytic solution thus .
obtained was determined. A charging/discharging test was

conducted on the wound-type electric double layer capacitor

thus obtained in the same manner as described in Example 1.

The results are shown in Table 2.

10 Example 6:

A non-aqueous electrolytic solution was prepared in the same
manner as described in Example 5 except that 4-(1'-
propenyloxymethyl)-1,3-dioxolane-2-one was used in place of
4-allyloxymethyl-1,3-dioxolane-2-one. The potential window

15 of electrochemical stability of the electrolytic solution thus
obtained was determined. A charging/discharging test was
conducted on the wound-type electric double layer capacitor
thus obtained in the same manner as described in Example 1.

The results are shown in Table 2.

20 Example 7:

A non-aqueous electrolytic solution was prepared by
dissolving 2.71 g (0.0125 mol) of tetrafluoreborate
tetraethylammonium ((C,Hs;),NBF,) in 4-vinylethylene carbonate
(electrolyte concentration: 0.5 mol/liter). The poteritial

)5 window of electrochemical stability of the electrolytic

solution thus obtained was determined. A charging/discharging
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having 2 to 4 carbon atoms. Exarpl €5 of such cyclic carbonic ester(ii)

I ncl ude 4- vinyl ethyl ene carbonate which is represented by Fornmula (1)

16 wherein Rerr], Rerr] and Rerr] are Hand R is the vinyl group; 4,5-
di vi nyl et hyl ene carbonate which is represented by Fornmula (1) wherein
Rlerr] and Rlerr] are Hand Rlerr] and Rerr] are the vinyl group;

4- et hyl - 4-vi nyl et hyl ene carbonate which is represented by Formula (1)
wherein Rerr] and Rlerr] are H Rerr] is #fe methyl group, and Rerr] is
the vinyl group; 4-vinyl-5-nethylethyl ene carbonate which is represented by
Formul a (1) wher 6pat RFas rqongustRidepn| the cwoundiftame electpéc double layer

capacitor thus obtained in the same manner as described in
Examplé 1. |
The results are shown'in Table 2.
5 Example 8:
A non-agueous electfoly_tic solution was prepared in the same
manner as described in Example 7 except that 4,5-
divinylethylene carbonate was used in place of 4-vinylethylene
carbonate. The potential window of electrochemical stability
10 of the electrolytic solution thus obtained was determinéd. A
charging/discharging test was conducted on the wound-type
electric doubie layer éapacitor thus obtained in the same manner
as described in Example 1.
The results are shown in Table 2.
15 Example 9: |
25 milliliters of non-agueous electrolytic solution were
prepared by dissolving 2.71 g (0.0125 mol) of tetrafluoroborate
tetraethylammonium ((C,H;),NBF,) in a mixed solvent of 4-
vinylethylene carbonate and propylene carbonate mixed in a
20 ratio by weight of 5:95 (electrolyte concentration: 0.5
mol/liter). The potential window of electrochemical stability
of the electrolytic solution thus obtained was determined in
the same manner as described in Example 1. A
charging/discharging test was conducted on the wound-type
25 electric double layer capacitor thus obtained in the same manner

as described in Example 1.
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methyl group, and Rlerr] is the vinyl.group; 4-(1",

but adi enenyl ) et hyl ene carbonate which is represented by For mul a (n) mherern
R err], R[err] and Rler] are Hand Rerr] is the 1',3' - butadienenyl group;
and 4- (2' -di met hyl ) vinyl et hyl ene carbonate which is represented by :
%HMa(I)meH1NeH] Rlerr] and Rlerr] are H, Rerr] is the :
2',2" -dinmethylvinyl group. As the cyclic carbonic ester(ii) represented by
t he af orenenti oned Formul a(l) i32preferably a conpound whose. Rl err] |s

CH=CH2, especially preferably vinylethylene carbonate or
4, 5- di Theyresht=erere ahpanatia thbke R err] is CH=CHerr], R ,
CH=CH err] or hydrogen atomand Rlerr] and Rl err] are hydrogen atom Next,

an eBopmpla il i s given of the conpound(iii)

wherein Rlerr] to Rerr] is a group selected frombetween th
and t h@Samillykisgrs of a non-aqueous electrolytic solution was

10

15

prepared by dissolving 2.71 g (0.0125 mol) of
tetrafluoroborate-4-ethylammonium ((C,H;) /NBF,) in vinylene
carbonate (electrolyte concentration: 0.5 mol/liter). The
potential window of electrochemical stability of the
electrolytic solution thus obtained was determined. A
charging/discharging test was conducted on the wound-type
electric double layer capacitor thus obtained in the same manner
as described in Example 1.

The results are shown in Table 2.
Example 11:

25 milliliters of non-aqueous electrolytic solution were
prepared by dissolving 2.71 g (0.0125 mol) of tetrafluoroborate
tetraethylammonium ( (C,H;) NBF,) in a mixed solvent of propylene
carbonate and vinylene carbonate mixed in a ratio by weight of
95:5 (electrolyte concentration: 0.5 mol/liter). The
potential window of electrochemical stability of the
electrolytic solution thus obtained was determined. A
charging/discharging test wae conducted on the wound-type
electric double layer capacitor thus obtained in the same manner
as described in Example 1.

The results are shown in Table 2.

Example 12:

25 milliliters of non-aqueous electrolytic solution were

err] is

e al kyl

represented by Fornula (19,

gﬁoup
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[err] In the Fornula(l), Rlerr] to Rierr], which may be the same or
different, are a group selected frombetween the al kyl group and the aryl
17 group. The alkyl group is preferably an al kyl group having 1 to 6 carbon
atons, nore preferably an al kyl group having 1 to 4 carbon atons. The aryl
group is preferably an aryl group having 6 to 20 carbon atons, nore
preferably an aryl group having 6 to 12 carbon atons. In the Fornul a,
Rlerr] to Rerr], which nay be the sane or 3 fferent, are nost preferably
an al kyl group having 1 to 4 carbon atons
prepared by dissolving 2.71 g (0.0125 mol) of tetrafluoroborate
tetfaethylamﬁonium ((C,H;) NBF,) in a mixed solvent of 5,5~
dimethyl-1,3-dioxane-2-one and propylene carbonate mixed in a
ratio by weight of 1:1 (electrolyte concentration: 0.5
5 mol/liter). The potential window of electrochemical stability
of the electrolytic solution thus obtained was determined. A
charging/discharging test was conducted on the wound-type
electric double layer capacitor thus obtaj.ned in the same manner
as described in Example 1.

10  The results are shown in Table 2.
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or an aryl

group having 6 to 12.carbon atoms. Exanples of such cyclic

carbonic ester(iii)

4- et hyl

-4,5, 5-

trimethy
1, 3-di oxol ane-2-one and 4, 4-di et hyl

i ncl ude 4, 4,5,5-tetranet hyl
-1, 3-di oxol ane- 2-one,
-5, 5-di et hyl

preferabl e exanples of the cyclic carbonic ester(iii) are
1, 3-di oxol ane-2-one and 4, 4,5, 5-

4,4,5,5-tet
tetraet hyl -

Cerr]Herr
conmpound( 2)
Rl err] and

r amet hyl -

1, 3-di oxol ane- 2-one whose R eB4] to Rerr]
] in the Formula. Next,belowis given an expl anation of the

is CH o

-1, 3-di oxol ane- 2-one,
4- pheny1-4,5,5-trinmet hyl -
-1, 3- dioxol ane-2-one.

r

represented by the follomnng Formula (I1): [err] (wherein
Rlerr], which may be the sane or different, are the
Table 2
Solvent Potential window of electrochemical] Amount of
stability change in
V vs Ag/Ag+
oxidation | Reduction | Potential | capacity
potential | potential [difference (%)
(V vs (V vs (V)
Ag/Agt) Ag/Ag+)
Example [4-allyloxy- 4.2 -3.1 7.3 -2
3 carbonyloxy-~
methyl-1, 3-
dioxolane-2-one
Example [4~methyloxy- 3.0 -3.1 6.1 -3
4 carbonyloxy-~
methyl-1, 3-
dioxolane-~2-one/
propylene
carbonate(1/4)
4-allyloxymethyl 3.6 -3.1 6.7 -6
Example |-1,3-dioxolane- ' '
5 2-one
' |Example |4-(1’-propenyl- 5.3 -2,2 7.5 "=5
6 oxymethyl)-1, 3~
dioxolane-2-one
Example {4-~vinylethylene 2.8 -2.1 4.9 -7
7 carbonate
Example |4,5-vinylethylend 3.1 -2.2 5.3 -8
8 carbonate
Example |4-vinylethylene 3.1 -2.3 5.4 -9
9 carbonate/ '
propylene
carbonate (5/95)
Example [Vinylene 3.6 -2.6 6.2 -4
10 carbonate
Example [Vinylene 3.0 -2.7 5.7 -5
11 carbonate/
propylene
carbonate (5/95
Example |5,5-dimethyl-1,3 3.6 -2.6 6.2 ~6
12 ~dioxane-2-one '
/propylene

carbonate (1/1)
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aIkyI group or the unsaturated hydrocarbon group). In the Formula, Rerr]
and Rl err], which may be the sanme or different, are preferably an al kyl

group haV|ng 1 to 4 carbon atons or the 18 unsat ur at ed hydr ocar bon groug
having 2 to 4 carbon atons. Exanples of such cyclic carbonic ester(2)
I ncl ude vinyl ene carbonate, 4, 5-dinethylvinylene carbonate and »
4- et.hyl vi nyl ene carbonate. The preferable exanples of cyclic carbonic ester} --
(3) are vinylene carbonate, 4-nethyl3 nylene carbonate and 4, 5- '
di met hyl vi nyl ene car bonate whose Rlerr] and Rl err] are hydrogen atom

Further, in the foregoing, an explanation was given of the
non-agueous electrolytic solution for capacitors by using
electric double layer capacitors as examples. However, the
present invention is by no means limited by this, and the same ' -

5 effect canbe achieved even in the case of using the electrolytic

solution for aluminum electrolytic capacitors.
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or the nethyl group. Below is given an expl anation of the conpound(3) R
represented by Forrmula (II1). [err] wherein Rlerr] and Rl err], wiich may. be 1?T
the same or different, are the al kyl group, the aryl group orthe -

unsat urat ed hydrocarbon group. Exanpl es of SUQﬂsﬁ%&'HaQﬁ@ qnl ester(3)

I ncl ude 5,5- dinethyl-1, 3-di oxane- 2-one, -2- .one,
5, 5-di vinyl -1, 3-di oxane- 2-one,_ 5-vinyl -5- nethy

2- one and
5-et hyl -5-net hyl -1, 3- di oxane-35-one. The pref er f t he éycllc
carbonic ester(3) are 5,5-di nethyl-1, 3-di oxane-2-one and 5, 5-di ethyl.-1, 3-
di oxane- 2- one whose R[err] and R[err] are CHerr], or Jerr]Herr]. .

What we claim is:

1. A non-aqueous electrolytic solution for capacitors which
comprises an .non-aqueous solvent conté.ining at least one
cyclic carbonic ester selected from compounds of the
following (1), (2) and (3) and an electrolyte::

(1) A compound which is represented by Formula (I): . -

(wherein R! to R!, which may be the same or different,
are hydrogen, the alkyl group, the unsaturated
hydrocarbon group, the aryl'group or a group represented
by -CH,-0O-A, wherein A stands for R®, CO-R® or CO-O- |
R° [wherein R® is the alkyl group or the unsaturated
hydrocarbon group}); said compoﬁnd being such that:
(i) In Formula (I), at least one of R' to R!' is the
aforementioned group represented by —CHz—O—A,' with the
remaining groups selected from among hydrogen, the
alkyl group and the unsaturated hydrocarbon group.
(ii) In Formula (I), at least one of R' to R' is the
unsaturated hydrocarbon group, with the remaining
groups selected from among hydrogen, the alkyl group,
the aryl group and the unsaturated hydrocarbon group.
(iii) In Formula (I), R! to R' are selected from among

the alkyl' group and the aryl group.

A



Such’ cyclic. carbonic ester ._represer-lt‘ed in (1), (2) and (3) above shows
excellent acid resistance, is not oxi dated when all owed ’Ithﬂsﬁée?ﬁdB'eQ hlgced

at nosphere, and is chemcally stable 19 without reacti
under nornal storage conditions or reacting with highly rgmr, wi anes
such as netal lithium Furthernore, such cyclic carbonic
properties of being physically safe, being not readily deconposed thernmally

and being flame-retardant and resistant to el ectrochenical oxidation or
reduction. Therefof®) aseelpsird whiehl PONtepresented By Wornaka e1uf:abl y

(whereih R’ and R’, which may be the same or different,
are hydrogen atom, the alkyl group or the unsaturated

S hydrocarbon group); and

(3) A compound which is represented by Formula (III):

am

r¢ r’

(wherein R? and R’, which may be the same or different,
are the alkyl group, the aryl group or the unsaturated
10 hydrocarbon group). -
2. A -non—aqueéus electrolytic solution for capacitors as
claimed in Claim 1, wherein in the R' to R' of the
aforementioned Formulas (I), (II) and (III), the alkyl

group, unsaturated hydrocarbon group and aryl group are

15 an alkyl group having 1 to 6 carbon atoms, an
unsaturated hydrocarbon group having 2 to 6 atoms and an
aryl group having 6 to 12 carbon atoms, respectively.

3. A non-aqueous electrolytic solution for capacitors as
claimed in Claim 1, wherein the cyclic carbonic ester is

20 ~a compound which is represented by the following Formula

(I):

* [ L M $ *



for a solvent for the electrolytic solutions for use in capamtors
batteri esand electrochem cal reaction. Mreover, such cyclic carbonic

ester can ﬁ%sggeeﬂasiy&m&ﬁ%dl n pharmaceuti cal s, agrochem' cals, acrylic fiber

processi ng conmpound sol vents and organi c internediates.
Non- aqueous | ectrolytic solution: In the present invention,
non- agueous

ai ning the aforenentioned cyclic carbonic ester

are used as the solvent for electrolytic3solution . Such solvent may be one

or nore solvents of the aforenentjoned cyclic carbonic ester or a m xed
oe(ﬁg*

solvent with another solvent. Exafipl es of such another sol vent include
cyclic carbonic esters such as &ne carbonate, propylene carbonate,
butyl ene carbonate and vi nylle{:,ne carfonat e; ehain carbonic

g R
wherein R!, R?, R’ and R!, which may be the same or different,

are hydrogen atom, an alkyl group having 1 to 4 carbon atoms,
.an unsaturated hydrocarbon group having 2 to 4 carbon atoms
5 or an aryl group having 6 to 12 carbon atoms and at least
one of R! to R! is an unsaturated hydrocarbon group having
2 to 4 carbon atoms.
4. A non-;aqueous electrolytic solution fo_r capacitors as

claimed in Claim 1, wherein the cyclic cabonic ester is a

10 compound which is represented by the Formula(IV),
(IV)
o
o/u\o
R’\/ ; 4{\/1*3
r? CH,—O—R?®

(IV)
wherein R! to .R’ . which may be the same or different, are
hydrogen atom, an alkyl group having 1 to 6 carBon atoms,
15 anunsaturated hydrocarbon group having 2 to 6 carbon atoms,
é hydrocarbon group having 1 to 7 carbon atoms and containing
the alkoxy group or an unsaturated hydrocarbon group having
2 to 7 carbon atoms and containing the alkoxy group, and
R® is an alkyl group having 1 to 6 carbon atoms or an
20 unsaturated hydrocarbon group having 2 to 6 carbon atoms
both of which may or may not contain oxygen .

5. A non-aqueous electrolytic solution for capacitors as
e

M
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esters such as di methyl carbonate, mnethylethyl ca ., di et hyl
carbonat e, nethyl propyl carbonate and nethyli soprormLs HheB&h Repl@yL| i C
esters such as y-butyrol actone, 3-nethyl- [err]-butyjy

2-methyl -[err]-butyrol actone; chain esters such as nﬁﬁw et hyl
formate, nethyl acetate, ethyl -2Q acetate, propyl t ) yl
propi onate, nethyl butyrate and nethyl valerate; cyclic ethers such as
1, 4-di oxane, 1, 3- dioxal ane,  tetrahydrofurane,, 2-nethyl tetrahydrofurane
and 3- net hyl Saxned %F&ﬁé‘,“;lcﬁéﬂ%%t“héﬁ’g Syghig e tb?¥‘ i FEERDX3Rt hane,
1, 2-di et hoxygt hane ncg %,Q_XLEI her

compdu is reépresented by the following Formula
(I):
0/?\0
Rz‘ > 4 ’RS )
oy R'
5 wherein at least one of R! to R* is a group represented by

~CH,-0-CO-X (wherein X is hydrogen atom, an alkyl group
havihg 1 to 6 carbon atoms or an unsaturated hydrocarbon
group having 2 to 6 carbon atoms) and the remaining groups,
which may be _the same or different, are any of hydrogen atom,
10 ah alkyl group having 1 to 6 carbon atoms, an unsaturated
| hydrocarbon group having 2 to 6 carbon atoms, a hydrocarbon
' group having 1 to 6 carbon atoms and containing the alkoxy
group, alkanoyloxy group or élkenoyloxy group and an
unsaturated hydrocarbon group having 2 to 6 carbon atoms
15 and containing the alkoxj group; alkanoyloxy '  group or
alkenoyloxy- group.
6. A non-aqueous electrolytic solution for capacitors as
claimed in Claim 1, whérein the cyclic carbonic ester is
a compound which is represented by the following Formula

20 (I):

* C L M S *



v

di met hyl et her, nethyl et hyl et her and di propyl et her; an ng -
conpounds such as sul fol ane. Further, as cyclic carboni ster, the cyclie -
carboni c ester having the hal ogen atom substituted aIkTﬁ eildged in -
Japanese Lai d-open Patent Publication HEl 9-63644 nmay b ” i on :
to the aforenmentioned cyclic carbonic esters given as e es of . . ..
such cyclic carbonic ester include nonofl uoronethyl ene carbonate, Sl
di f 1 uor onet hyl ene carbonate @nd trifl uoronethyl -ethyl ene carbonate. These ~~- "
solvents may be used singly or in conbination with one or not |ess than two.

of tkewereif it ddstsont oNWENtd Y, is fa Hhoupdpresentednbg ester represented

in (1), (2) and (3) above and anot her solvent are m xed, the cyclic
car be«CHe-@M-X ¢oheseihex is hytrogel)atom, an alkyl group

héving 1 to 6 carbon atoms or an unsaturated hydrocarbon

group having 2 to 6 carbon atoms) and the remaining groups,

which may be the same or different, are any of hydrogen atom,

an alkyl group having 1 to 6 carbon atoms, an unsaturated

hydrocarbon group having 2 to 6 'carbon atoms, a hydrocarbon

group having 1 to 6 carbon atoms and containing the alkoxy
group, and an unsaturated hyc'lrocarbon group having 2 to 6
carbon atoms and containing the alkoxy group.

7. A non-aqueous electrolytic solution for capacitors as
claimed in Claim 1, wherein the cyclic carbonic ester is

a compound which is represented by the following Formula

wherein R! to R are selected from between an alkyl group
having 1 to 4. carbon atoms and an aryl group 'having 6 to
12 carbon atoms.

8. A non-aqueous electrolytic solution for capacitors as
claimed in Claim 1, wherein the cyclic carbonig: ester is
a compound which is represented by the following Formula

(II):

RRER O O



and (3) above is contained in such electrolyte solvent preferably in'fﬁ
amount of at least 0.1 % preferably not less than 0.5 W% nore '
preferably 1 to 100 wt % against the total anmount of t—he—e1—eﬁ—r~o+—y1—e——
solvent. Electrolyte: Specific exanples of the el ectrol,x Hi‘tﬁ |n t he:
non- aqueous el ectrolytic solution for capacitors to V\/mc e %ent'
invention rel 4tes include anmmoni um salts such as tetrab "

tetrabl uoroborate ((CJerr]Herr])[err]NBF[err}]), tetraet

tetrafjl uoroborate ((Cferr]Herr])[err]NBFferr]),

nd R', which may be the same or different, are

om, an alkyl group having 1 to 4 carbon atoms

urated hydrocarbon group having 2 to 4 carbon

us electrolytic solution for capacitors as

Claim 1, wherein the cyclic carbonic ester is

which is répresented by the following Formula

.

T><T a
s .9

R R

ind R’, which may be the same or different, are
oup having 1 to 4 carbon atoms, an unsaturated
.group having 2 to 4 carbon étoms or an aryl group
» 12 carbon atoms.

using the non-aqueous electrolytic solﬁtions
in any of Claims 1 through 9.

as claimed in Claim 10, wherein the capacitor
.xric double layer capacitor.

double layer capacitor comprising a polarizable
n the anode side, a polarizable electrode on the
le, a separator and an electrolytic solution,

:ed in that the polarizable electrodes are

g [ L M s *



triethyl -nmononet hyl ammoni um'tetrafl uor obor at é
((err]Herr])[err](CHerr])NBF[err]), tetrabutylamoni um This Sh
hexaf | uor ophosphate ((Clerr]Herr])[err]NPFlerr]), tetraethyl e cen Replaced
hexaf | uorophosphate ((Clerr]Herr])[err]NPF[err]) and tri et hy , ",”I”",
noononet hyl ammoni um hexaf | uor ophosphat e

((derr]Herr])[err](CH err] %NPF[err]) phosphoni umsalts such as

t et r abut yl phosphoni um t et r afBuoroborate ((Cerr]Herr])[err] PBF[ert])
tetraethyl phosphoni um tetrafl uoroborate ((Clerr]Herr])[err]PBF[err]),

t et relrftyodiessuaing astiFaked gaisopprdeE ag there [err] PPF[err]) "and
t et raet hyl phosphoni um t et r.af | uor ophosphat e"‘g&’f err Y[err]PPF err]);
and Baterdadand therleptrplybiggeintion 15d ol utions for

ot YRGB P=PabLBSL | B A0S 1§&$§%€uifwi€<?qvﬁﬁ-&?' 5 these, e
(6] S FOESFHA PO 0 b sl bl 0
wherein the polarizable electrodes are the electrodes:

obtained by coating onto a collector foil a mixed powder

of activated carbon powder to which acetylene black and

carboxymethylcellulose are added and drying it.

AR A



preferably used. The electrolyte is contained in an amount of normally O. 1yﬁ

to'3 nol/liter, preferably 0.4 to 1.5nol/liter, nore preferably 0.5 to 1.5i.-

mol /1iter in such non- aqueous el ectrolytic sol ution for capacitors. Since :
the non-aqueous electrolytic solution for electric double |ayer capacitors:
of the present invention contains the cyclic carbonic ester represented in
(1,(2) and (3), it shows high potential w ndow of el ectrochem cal i

stability and excel |l ent” chargi ng/ di 48hargi ng cycl e properties. 22 : iudf;

Mor eover NdNLAGHRRT $E T RILYFICC SYLUTIOR ¥bROBABACERERPARBEN! ;
CAPACITOR CONTAINING NON-AQUEOUS ELECTROLYTIC SOLUTION 'a

ABSTRACT

Non-aqueous electrolytic solutions for capacitors which

5 release a little gas, have excellenf potential window of :
electrochemical stability and enable capacitors to show

excellent charging/discharging cycle properties and safety

performance, and capacitors containing such non-aqueous

electrolytic solutions.

10 The non-agqueous electrolytic solution for capacitors
comprises an electrolytic solution containing at least one
cyclic carbonic estef seiected from specified compounds and an

electrolyte.

15 Figure 1

This Sheet Has Been Rei




$
invention shows a high flash point and excel |l ent safety performance §
conpared wi th such conventional solvents used for electrolytic sol.utions as
1, 3-di oxol ane, tetrahydrofuran and 1, 2-di et hoxyet hene. Because of this,
t.he use of he non-aqueous €electrolytic solution for electric double Iayer ;
capacitors of the present invention enables the obtaining of electric {

doubl e | ayer capacitors which show high safety perfornmance and hi gh $
wi th-stand vol tage and excel | enf,ghargi ng/ di schargi ng cycle properties. 5'“”“
Capacitors: The electric double Iayer capacitors are made up of two

el ectrodes, a separator angd normally a corrosion-resistant electrolytic
sol ution. The t wo elecﬂrodés formed froma material having a |largé surface
area such as activated '

2————

eApan e e e Lrm e e
.
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| Fig..l |
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and “a| bi rREFLACEMENT
ot her | W2DESCHBROR P
space | b8t Glaiys) he’s@‘gﬁ
t he p¢rBrbrayd F)a{mge r
el ect r oﬂbAbswlCéct F

S"

a‘géd.... are so arranged that they face e4¥h5603-!
@ f pol yet hyl ene or pol ypropyl ene, and ﬂjaeu
t he porous-separator and the inside o
g %a p tih the electrolytic solution. As the
o material having a large surface area

such g4s activated carbonamﬂp.‘{q b| nd r such as.fluororesins are used
I

pr ef eratﬁ,m@FTRECME‘ct

exanpl
cited,

o-.meierihl, aclivated carbon is preferable. As
carbon, fibrous or powder activated carbons can be
such as phelﬂUFAﬁﬁS@éB BHRCIROBXTEE, SOLUTION FOR CAPACITOR AND

CAPACITOR CONTAINING NON-AQUEOUS ELECTROLYTIC SOLUTION

TECHNYCAL FIELD

The present invention relates to a non-aqueous electrolytic
solution for capacitors which contains primarily cyclic
carbonic ester, specifically a non-aqueous electrolytic
solution for electric.double layer capacitors, more
specifically a capacitor showing high energy density -and
excellent with-stand voltage and charging/
discharging cycle properties, .and especially a mnqaquéous
electrolytic solution that can provide electric double layer
capacitors.

TECHNYCAT, BACKGROUND

Up to the present, capacitors, particularly electric .cio'uble
layer capacitors having a capacity intermediate between that
of a battery and that of a capacitor, as a backup power supply
for IC’s and memories and a supplement or alternative to
secondary bétteries, have been used widely as a low-power
direét-curreni: power supply. In receant years, however, there
have been new portable electronic devices coming into being one
after anot;.her, such as V":l‘iz ;nfith a built-in camera, cellular
phones and -1a§top computers. Amid this trend, there has been
a growing demand that those élégtric double layer capacitors
used as a backup power supply ana a supplement or alternative

to secondary batteries should have higher energy density.

This is the replacement sheet
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23 polyacrylonitril e-based and coconut-shel | -based activated carbons.
Normal | y, activated carbons having a specific surface area of not |ess than
1,000 n2/g are preferable. Further, as exanples of the nethod for

activating carbon, the steam activation and al kali activation nmethods can
be cited. As exanples of the binder, carboxynethylcellulose, polyvinylidene

chl ori de, polyvinyl pyrrolidone, polyimde,
pol yvi nyl al cohol andpol yacrylicacid. Furthey, aconmbination of the

af orenenti oned el ectrode material (activated material and a collector is
um . num

T, oo ShREE LA A BETR!195E ol gse) ELRL miludRAL,
separator, poroys fdd @Bn@#Bft a chemical change into electric energy. They
utilize a large capacity of the electric double layer that occur
between the electrodes and the electrolytic solution to put in
and out an electric charge in the same manner as the charge and
discharge of batteries. Such electric double layer capacitors
are normally so constructed that they use a non-corrosive
electrolytic solution that does not corrode the capacitor
cor{tainer or the collector made of aluminum, copper or the like
and two electrodes formed from a material having a large surface
atea such as ac¢tivated carbon and a binder such as fluororesins
© -are.so.arranged-that they face.each other via aporous:-separatoer
. made of polyethylene or polypropylene. |

As the electrolytic solution for suéh electric double layer
capacitors, aqueous-—solution—baéed electrolytic solutidri and
organic-solvent-based electrolytic solution (non-aqueous
electrolytic solution) are used. However, agueous-
stvlution-based electrolytic solution showing -iow-potemtial
window of electréchemical stability (approx. 1.2 V) are
difficult to provide high-energy-density electric double layer
capacitors.

By contfast, .compared with aqueous-solution-.—ba_sed
electrolytic solution, organic-solvent-based electrolytic
solution (non-agueous electrolytic solution) show high
potential window of electrochemical stability and therefore

make the formation of high-energy-density capacitors possible.

This is the replacement sheet
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nonwoven fabrics nmade from pol yolef in such as pol yethyl ene and

pol ypropyl ene can be cited. Gven belowis anm expl anation of a specific
exanpl e of the electric double |ayer capacitors, using a drawing. The Fig.1
and Fig.2 of are the illustrations showi ng the structure of the capacitor
el ement of a wound-type electric double |ayer capacitor, which is a type of
el ectric double layer capacitor and the state of the aforenentioned
capacitor element being inserted into the netal case as a part integral
with the sealing part. In the Fig.1 and Fig.2, 1 represents a capacitor

element, and pksARACIchSE  ELREPOL edei S IRumd l.izx \ﬁ&:ﬁ%&“
El ectrode 3 on the anode side to whi ch Anode Side ead I S conrrect ed
and Pol ari zabhen-Bfdduede1écofolfEic solution are beginning to come into

use rapidly as a backup power supply for electronic equipment

for non-military use.

As such non-aqueous electrolytic solution, a mixture of a
non-aqueous solvent such as cyclic carbonic ester having
exhibiting a high dielectric constant and an electrolyte such
as tetraethylammonium tetrafluoroborate ,. for example, is used.

"However, such electrolytic solution as mentioned above has
had the problem of the inner electrical resistance of the

~-gapacitor-geing-up due to its-lowelectric conductivity , wmaking

~. At difficult to.obtain high-output capacitors. Furthermore,
when future capacitors have high energy density, the
aforementioned electrolytic solution might be insufficient in
potential windowof electrochemical stability. Because of' this,
it has been hoped that a non-aqueous electrolyte having better
charging/discharging cycle properties will come into

- existence.

SUMMBRY

The inventors of the present invention sought a solution to
the problems of the conventional technology as'described above.
The present invention is intended to provide non-aqueous
electrolytic solutions which release a little gas, have
excellent potential window of electrochemical stability and
enable capacitors to show excellent charging/discharging cycle

properties and safety performance, and capacitors containing

This is the replacement sheet
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24 cat hode side to which Cathode Side Lead Wre 4 is connected, with
Separator 6 placed in-between. Sealing Part 7, nmade of rubber,  is attached
fo the Anode Site Lead Wre 2 and Cathode Site Lead Wre 4 of Capacitor

El ement 1. Further, Capacitor Elenent 1, previously inpregnated with a
driving electrolytic solution, is put in Metal Case 8 made of alum numin a
bottonmed cylindrical form As a result of Capacitor Elenent 1 being housed
in Metal Case 8, Sealing Part 7 is |ocated4at the opening of Metal Case 8,
and the opening of Metal Case 8 is sealed by subjecting the case to the

processi ng of
caused to fit

sudn ﬁﬂﬂe@qdé@sa@ie@lt&:blyﬂic el iodsyl t, Sealing Part 7 is
! nt‘r(iu: ngn—aqueous electrolytic solution for capacitors of the
present invention comprises an electrolytic solution
containing at least one cyclic carbonic ester selected from

compounds of the following (1), (2) and (3) and an electrolyte:

(1) A compound which is represented by Formula (I):
o :

n’ %—%R’ “
] . <

(wherein R'! to R', which may be the same or differenﬁ, are
hydrogen, the alkyl group, the unsaturaféd ‘hydrocarbon
group or the aryl group or a group represented by -CH,-
O-A, wherein A stands for R°, CO-R® or CO-O-R°® [wherein R®
is the alkyl group or the unsaturated hydrocarbon groupj);
said compound being such that: o
(i) In Formula I, at least one of R' to R' is the
aforementioned group represented by -CH,~O-A, with the
remaining groups selected from among hydrogen, the alkyl
group and the unsaturated hydrocarbon group.
(ii) In Formula I, at least one of R! to R is the unsaturated
hydrocarbon group, with the remaining groups selected from
among hydrogen, the alkyl group, the aryl group and the
unsaturated hydrocarbon group.
(iii) In Formula I, R' to R'are selected from among the alkyl

group and the aryl group.

('2) A compound which is represented by Formula (XII):

This is fhe replacement sheet
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openi ng of Metal Case 8. In the foregoing, an explanation is given of an
electric double |ayer capacitor of the wound type. However, the sanme effect
‘can al so be achieved by using the electrolytic solution of the present

i nvention in other electric double |ayer capacitors having a structure
different fromthat of the wound-type electric double |ayer capacitor, such
as the electric double | ayer capacitor of the coin type described in the
Japanese Published Patent HElI 3-51284 Publication and the electric double

| ayer capacitor of the |am nated type described in the Japanese Lai d-open
Patent HElI 8-78291 Publication. EXAMPLES In the follow ng exanples are
descri bed several preferred enbodinents to illustrate the present

i nvention. However, it

(wherein R® and R’, which may be the same or different, is
hydrogen atom, the alkyl group or the unsaturated
hydrocarbon group); and

(3) A compound which is represented by Formula-(IIIy:

I

%J "
g8 N9

R R

(wherein R’ and R’, which may be the same oxr different, are
the alkyl group, the aryl group or the unsaturated
hydrocarbon group).
The present invention also provides capacitors containing
the electrolytic solution com;jrising the electrolyte solvent
containing the cyclic carbonic ester of the present invention

and an electrolyte.

The non-aqueous electrolytic solution for capacitors of the
present invention releases a little gas and shows high potential
window of electrochemical stability and excellent safety
performance and charging/discharging cycle properties.

Especially, the use of the non-agqueous electrolytic solution
This is the replacement sheet
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is to be understood that the present invention is not intended 25 to be
limted to the specific enbodinents. In this patent application, the

eval uation of the potential w ndow of el ectrochenical stability of the

el ectrolytic solution and the chargi ng/di schargi ng test were conducted as
descri bed below. The results are shown in Table 1. Potential w ndow of

el ectrochem cal stability: The aforenentioned electrolytic solution was put
in a three-pole potential w ndow of el ectrochenmical stability

6

for capacitors of the presént invention in the formation of
capacitors enables the obtaining of capacitors which generate
high voltage, release a little éas and show excellent
charging/discharging cycle properties and energy density.
This effect manifests itself markedly especially when the
electrolytic solution is used in electric double layer

capacitors.

BRIEF DESCRIPTION OF THE DRAWING

Fig.l is a perspective view illustrating the structure.of
the capacitor element of a wound-type electric douBle layer
capacitor of the present invention.

Fig.2 is a perspective view illustrating the state of the
aforementioned capacitor element being inserted into the metal
case as a part integral with the sealing part.

DETATLED DESCRIPTION

Given below is a specific description of the non-aqueous

electrolytic solutions and capacitors of the present invention.
NON-AQUEOQOUS ELECTROLYTIC SOLUTION FOR CAPACYTORS

The non-electrolytic solution of the present invention
comprises the non-aqueous solvent containing cyclic carbonic
ester and an electrolyte.

Cyclic carbonic ester:

Given below is a specific description of cyclic carbonic
ester.

First, an explanation is given of the compound(l)which is
represented by Formula (I):

Thig is fhe replacement sheet
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det efmination cell using a glassy carbon el ectrode for the work el ectrode
and the counter electrode and an Ag/ Ag+ el ectrode as the reference,

el ectrode, and the electric potential was scanned at 10 mV/ sec by use of a
pot enti ogal vanostat. Wth the Ag/ Ag+ el ectrode used as the reference, the
range in which not less than 1 [err]A of oxidation reduction deconposition
current did not flow was regarded as potenfial w ndow of el ectrochem cal

stability. Charging/discharging Test: A charging/discharging test was
conducted in which the process mi ng a capacitor up to a final
charging voltage of 3.5V at a c gingpcurrent of 3A in an environnment at
70[err] C and then discharging he capacigor tqia final discharging voltage
of 1.5V at a discharging curr &nt was det erm ned

R R

(wherein R' to RY, which mgy be the same or different, are
hydrogen, the alkyl group, the unsaturated hydrocarbon group
or the aryl group or a group represented by -CH,-O-A, wherein
A stands for R®’, CO-R® or CO-0-R° [wherein R® is the alkyl group
or the unsaturated hydrocarbon group]); said compound being
such that:

(i) In Formula I, at least one of.R! to R' is the aforementioned
group represented by -CH,-0-A, with the remaining groups
selected from among hydrogen, the alkyl group and the

unsaturated hydrocarbon group.

(ii) In Formula I, at least one of R' to R'! is the unsaturated
hydrocarbon group, with the-remaining groups selected from
among hydrogen, the alkyl group,-the aryl group aard. the
unsaturated hydrocarbon group.

(iii) In Formula I, R' to R' are selected from among the alkyl
group and the aryl group.

In Formula (I), as examples of the alkyl group, a
straight-chain or branched alkyl group having 1 to 20 carbon
atoms, preferably an alkyl group having 1 to 6 carbon atoms,
more preferably an alkyl group haviné 1 to 4 carbon atoms can
becited. Examples includemethyl, ethyl, n-propyl, isopropyl,
n-butyl, isobutyl, sec-butyl, tert-butyl, neopentyl and n- |

hexyl. Out of them, methyl, ethyl, n-propyl, isopropyl, n-
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to be one cycle. Under these conditions, the anpbunt of change in the
capacity of the wound-type electric double |ayer capacitor after 10,000
cycl es was det ern ned. 26 Exanple 1: 25 milliliters of non-aqueous

el ectrol'ytic solution were prepared by dissolving 2.17 g (0.01 nol )of
tetrafl uoroborate tetraethylamonium ((CJerr]Herr])[err]NBF[err]) in
4- met hacryl oyl oxynet hyl - 1, 3-di oxol ane-2-one (el ectrolyte concentration:
0.5 nmol/liter). Thepotential w ndow of elegtrochem cal stability of the
el ectrolytic solution thus obtai ned was det ern ned.

butyl, isobutyl, sec-butyl, tert-butyl are most preferable. As
examples of the unsaturated hydrocarbon group, a straight-chain
or branched unsaturated hydrocarbon group having 2 to 20 carbon
atoms, preferably an unsaturated hydrocarbon group having 2 to
6 carbon atoms, more preferably an unsaturated hydrocarbon'
group having 2 to 4 carbon atoms can be cited. Specific examples
include straight-chain or branched alkenyl groups such as vinyl,
allyl and isopropenyl an& straight-chain or branched alkinyl
groups such as ethynyl and propargyl. As examples of the aryl
group, aryl groups having 6 to 30 carbon atoms, preferably 6
to 12 carbon atoms, such as phenyl, Benzyl, naphthyl, ‘biphenyl,
terphenyl, phenanthryl and anthracenyl can be cited.

The aforementioned alkyl group, unéaturated hydrocarbon
group and aryl group may have a substituent group. Suéh_.
substituent group may be the aforementioned alkyl group; aryl
group and unsaturated hydrocarbon group, for example. In other
words, the alkyl group, unsaturated hydrocarbon group and aryl
-group may be an alkyl-substituted unsaturated-hydrocarbon group,
.alkyl-substituted aryl group, aryl-substituted alkyl group and
aryl-substituted unsaturated hydrocarbon group, for example.
As another preferable example of such substituent group, an
oxygen-~containing group can be cited.

Examples of such oxygen-containing group include the alkoxy
group, aryloxy group, alkanoyloxy group, alkenoyloxy group,
ester group, acyl group, acyloxy group, carboxyl group,

carbonate group, hydroxy group, peroxy group and carboxylic
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Mor eover, a wound-type el ectric double |ayer capacitor with a rated
capacity of 2.3V30F (18 nmin diameter x 40 nmin |length) as shown in Fig.
1 and Fig.2 was prepared by using the non-aqueous electrolytic solution

obt ai ned as descri bed above as the electrolytic solution,

an alum numfoil,

that its surface is roughened, coated with a slurry in water of a m xed
powder of coconut shell activated carbon powder, acetylene black and
car boxynet hyl cel lul ose in the prescribed thickness and dried as the

pol ari zabl e el ectrode, and nonwoven fabr

made from pol ypropyl ene as the -

separator. A chaagin / di schargi ng test was conducted on the wound-type
yQﬁLY

el ectric doubl &%

gzpdei PP -FUPTh AL thesgnEheAtkahgreRanfeeioxy

wound-type el ectric doull e | ayer capacitors SEQL

group, acy

lng)rrlté)rguhpe aonQ:le a fkglrzlé?rripl el

wer e

group, particularly a
group, acyloxy group, particﬁlarly alkanoyloxy group and
alkenoyloxy group can be cited as preferable examples.

As examples of the alkoxy group, preferably an alkoxy group
having 1 to 30 carbon atoms, more preferably an alkoxy group
having 1 to 6 carbon atoms, can be cited. Specific examples
include methoxy, ethoxy, n-propoxy, isopropoxy, n-butoxy,
isobutoxy and tert-butoxy. As examples of the aryloxy group,
an aryloxy group having 6 to 30 carbon atoms,_ preferabiy an
aryloxy group having 6 to 12 carbon atoms, can@be”cited.
Specific examples include phenoxy group, 2,6-dimethylphenoxy
group and 2,4,6-trimethylphenoxy group.

An explanation is given of the compound (i) which is_ the
compound represented by Formula (I) wherein at least oné of. R
to R' is the aforementioned group represented by the
aforementioned -CH,-O-A, with the remaining groups selected
from amony hydrogen,”the alkyl group and the unsaturated
hydrocarbon group, the following compounds (A), (B) and (C) can
be cited:

(A) The cyclic carbonic ester which is represented by the

following general formula (IV):

(Iv)

wherein R' to R®’, which may be the same or different, are
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prepared, and a charging/discharging test was conducted on the wound-type

electric double | ayer capacitors.

Exanple 2: 25 mllititers of non-aqueous

electrolytic solution were prepared by dissolving 2.71 g (0.0125 nol) of

tetrafl uoroborate
4- acryl oyl oxynet hyl -1, 3- di oxol ane-2-one (el ectrolyte concentration:

nmol/liter).

same nmanner as described in Exanple 1. Moreover,

27 tetraethyl amonium ((Clerr]Herr])[err]NBF[err]) in

0.5

The el ectrolytic solution thus obtained was eval uated in the

doubl e | ayer capacitor was prepared i the sane manner

hydrogen atom, an alkyl group having 1 to 6 carbon atoms,
-an unsaturated hydrocarbbn group having 2 to 6 carbon atoms i
a hydrocarbon Qroup hayitig_l to7 ca:rbon atoms and containing
the alkoxy group or an unsaturated hydrocarbon group having
-2 to 7 carbon atoms and containing the alkoxy group, and
R° is an alkyl group having 1 to 6 carbon atoms o'r an
unsaturated hydrocarbon '"§r66§ having 2 to 6 carbon atoms
both of which may or may not contain oxygen .
Particularly, R' to R’ are preferably H, -CH,, —C,Hg, ~CH=CH,,
a hydrocarbon group having 1 to 7 carbon atoms and containing
the alkoxy group or an unsaturated hydrocarbon gﬁoup having
2 to 7 carbon atoms and containing the alkoxy group,

especially preferably H or -CH,.

R® is an alkyl group having 1 to 6 carbon atoms or unsaturated ,

hydrocarbon group having 2 to 6 carbon atoms both of which
may or may not contain oxygen . Out of these, an unsaturated
hydrocarbon group containing or not coﬁtaining oxygen is
preferable. ?articularly, the aryloxymethyl group and the
1-propenyloxymethyl group are used preferably.
For a combination of R' to R® and R’, R' to R’ are preferably
H or -CH,, and R®* is preferably an unsaturated hydrocarbon
group.

Examples of such cyclic carbonic ester include 4-
propyloxymethyl-1,3-dioxolane-2-one, 4-allyloxymethyl-
1,3-dioxolane-2-one, 4-allyloxymethyl-S-methyl-1,3~

dioxolane-2-one, 4-allyloxymethyl-4-vinyl-1,3-

a wound-type electric
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as described in Example 1 except that the electrolytic solution thus
obt ai ned was used. A charging/discharging test was conducted on the
wound-type el ectric doubl elayer capacitor under the sane conditions used
in Exanple 1. The results are shown in Table 1. Conparative Exanple 1. An
el ectrolytic solution was prepared in the sane manner as described in
Exanpl e 1 except that propyl ene carbonate was used in place of

4- et hacryl oyl oxynet hyl -1, 3-di oxol ane-2-one in Exanple 1. Moreover, a
wound-type el ectric double |ayer capacitidr was prepared in the same nanner
as described in Exanple 1 except that the electrolytic solution of
Conpar at i ve Exanghexdlamse-is@the,Adehdilglogymetdptiasgvigylest3was conducted on

t he wound-type

dioxolane-2-one, 4-allyloxymethyl-5-alllylethylene-1,3-
dioxolane-2-one, 4—allyloxymethyl—5-(2'-methoﬁyethyl)-
1,3-dioxolane~2-one, 4-(1‘-propenyloxymethyl)-1,3-
dioxolane-2-one, 4-(1l‘-propenyloxymethyl)-5-vinyl-1,3-
dioxolane-2-one, 4-propargyloxy-1,3-dioxolane-2-one, 4-
(3’-butenyloxymethyl)~1,3~-dioxolane-2-one, 4-(2‘~
butenyloxymethyl)-1,3~dioxolane-2-one, 4,5-
dimethoxymethyl-1,3-dioxolane-2-one, 4-methoxymethyl~S-
vinyl-1,3-dioxolane-2-one, 4-methoxymethyl-4,5-divinyl-
1,3-dioxolane-2-one, and 4-ethoxymethyl-4-vinyl-1,3-
dioxolane-2-one. Out of these, especialy preferable.are
4-allyloxymethyl-1,3-dioxolane-2-one, 4—(1}—
propenyloxymethyl)-1,3-dioxolane-2-one, 4-
allyloxymethyl-5-vinyl-1,3-dioxolane-2~one and 4-(1°-
propenyloxymethyl)~5-vinyl-1,3-dioxolane-2-one.

(B) The cyclic carbonic ester which is represented by the

following (I ):

wherein at least one of R' to R' is a group represented by
-CH,~-0-CO-X (wherein X is hydrogen atom, an alkyl group
having 1 to 6 carbon atoms or an unsaturated hydrocarbon
group having 2 to 6 carbon atoms) and the remaining groups,

which may be the same or different, are any of hydrogen atom,
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el ectric-double | ayer capacitor under the same conditions as those of
Exanples 1 and 2. The results are shown in Table 1. 28 Sol vent
potential w ndow of el ectrochenical Anpunt of stability change
in (V vs Ag/ Ag+) Oxidation Reduction Potential capacity potenti al
potential difference (% (V vs (V vs. (V) Ag/ Ag+) Ag/ Ag+)

12

an alkyl group having 1 te 6 carbon atoms, an unsaturated
hydrocarbon group having 2 to 6 carbon atoms, a hydrocarbon
group having 1 to 6 carbon atoms and containing the alkoxy
group, alkanoyloxy group or alkenoyloxy group and an
unsaturated hydrocarbon group having 2 to 6 carbon atoms
and containing the alkoxy group, alkanoyloxy group or
alkenoyloxy group.

In the aforementioned Formula (I), X is preferably an
unsaturated hydrocarbon group having 2 to 6 carbon atoms,
and particularly the vinyl group and the isopropenyl group
are used preferably.

- Furthermore, at least ome pf:R'toR' of the cyclic carbonic
ester(B) represented by the aquﬁmentioned Formula.(IX).is
~CH,-0-CO-X (wherein X ié hydrogen atom, an alkyl group
having 1 to 6 carbon atoms or an unsaturated hydrocarbon
group having 2 to 6 carbon atoms) and the remaining groups,
which may be the same or different, are preferably H, -
CH,, -C,H; or -CH=CH,.

Examples of such cyclic carbonic ester(B) include
4-acetoxymethyl-1,3-dioxolane-2-one,
4-propionyloxymethyl-5-vinyl-1,3-dioxolane-2-one,
4-acryloyloxymethyl-1,3-dioxolane-2-one,
4-~acryloyoxymethyl-S-methyl-1,3-~-dioxolane-2-one,
4-acryloyoxymethyl-4-vinyl-1,3-dioxolane-2-one,
4-methacryloyoxymethyl-1,3~dioxolane-~2-one,

4-methacryloyoxymethyl-5-vinyl-1,3-dioxolane-2-one,
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Exanple 1 4-net ha- 3.8 -3.3 7.1 -4
¢ryloyloxy- nmethyl-1,3- dioxol ane-2- one Exanple 2 4- 4.8
-3.5 8.3 -3 acryl oyl oxy- nethyl -1, 3- dioxol ane -2-one
Conpar ati ve Propyl ene 2.4 -3.1 5.5 -12 Exanpl e

1 carbonate It can be seen from Table 1 that since Exanples 1 and 2 show
hi gh oxi dation potential and a significant potential difference.

(€)

13
4-methacryloyoxymethyl-4-vinyl-1,3-dioxolane-2-one,
4-methacryloyoxymethyl-4,5-dimethyl-1,3-dioxolane-2-one,
4-(3 ‘butenoyloxymethyl)-1,3-dioxolane-2-one,
4-(3‘butenoyloxymethyl)-5-allyl-1,3-dioxolane-2-one,
4~(3 ‘butenoyloxymethyl )-5-methoxymethyl-1,3-dioxolane-
2-one, 4-(2'-butenoyloxymethyl)-5~allyoxyméthyl—1,3~
dioxolane~2-one, 4-(2'Qbutenoiloxjmethyl)—4-ethylé5~
methyl—l,3—dioxolané—2—one and
4—(3'-butynéyloxymethyl)-l,3-dioxolane-2-one.

Out of these, 4-acryloyloxymethyl-~l,3-dioxolane-2-one,
and 4-methacryloyoxymethyl-5-vinyl-1,3-dioxolane~2-one
are used especially preferably.

The cyclic carbonic ester which is a cyclic carbonic ester

which is represented by the following (I):

wherein at least one of R! to R' is a group represented. by
~CH,~ 0-000-X (wherein X is hydrogen atom,'an alkyl groﬁp
having 1 to 6 carbon atoms or an unsaturated hydrocarbon
group having 2 to 6 carbon atoms) and the.remaining groups,
which may be the same or different, are any of hydrogen atom,
an alkyl group having 1 to 6 carbon atoms, an unsaturated
hydrocarbon group having 2 to 6 carbon atoms, a hydrocarbon
group having 1 to 6 carbon atoms and containing the alkoxy

group, alkanoyloxy group or alkenoyloxy group and an
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bet ween oxi dation potential and reduction potential conpared with
Conparative Exanple 1, Exanples -1l and 2 show hi gh potential w ndow of
el ectrochenical stability. Furthernore, it can al so be seen that since the
wound-type el ectric double |ayer capacitors using the electrolytic
solutions of Exanples 1 and 2 show only a slight change in capacity after
the charging/di scharging test conpared with the wound-type el ectric double
| ayer capacitors using the electrolytic solutions of Conparative Exanple 1,
the use of the electrolytic solution of the present invention nmakes
possible the formation of electric doubl® |ayer capacitors which show high
w t h-stand vol tage and excel | ent chargi ng/ di schargi ng cycle properties.
unsaturated hydrocarbon group having 2 to 6 carbon atoms
and containing the alkoxy group.
In the aforementioned Formula (I), X is preferably an
unsaturated hydrocarbon group having 2 to 6 carbon atoms,
and particularly the allyl group and the l-propenyl group
are used preferably.
Furthermore, the R' to R' of the cyclic carbonic ester
represented by the aforementioned Formula (I) with the
exception of -CH,~0-C00-X are preferably H, =CH,, =C;H, or
"'CH=CH2.
Specific examples of such cyclic carbonic ester(C) include
4-methoxycarbonyloxymethyl~1,3-dioxolane-2-one,
4—methoxycarbonyloxymethyl-5—vinyl—i,3—dioxolane—2-one,
4-methoxycarbonyloxymethyl-5- allyloxymethyl-1,3-
dioxolane-2-one, 4-ethoxycarbonyloxymethyl-1,3-
dioxolane-2-one, 4-ethoxycarbonyloxymethyl-S-
methoxyhethyl—l,3-dioxolane—2—one,
4-allyloxycarbonyioxymethyl—1,3-dioxolane—2—one,
4-allyloxycarbonyloxymethyl-5-methyl-1,3-dioxolane-2-
one, 4-allyloxycarbonyloxymethyl-4-vinyl-l,3-dioxolane-
2-one, 4-allyloxycarbonyloxymethyl-5-allyl-1,3-
dioxolane-2-one, 4-allyloxycarbonyloxymethyl-5-(1°‘-
propenyloxymethyl)-1,3-dioxolane-2-one,
4-(1‘-propenyloxycarbonyloxymethyl)-1,3-dioxolane-2-one,

4-(1l°-propenyloxycarbonyloxymethyl)-S-ethyl-1,3-

dioxolane-2-one, 4-(l‘-propenyloxycarbonyloxy-methyl)-
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29 Exanple 3: 25 mlliliters of non-aqueous el ectrolytic solution were
prepared by dissolving 2.17 g (0.01 nol) of tetrafluoroborate
tetraethylamonium((Clerr]H err])[err]NBF[err]) in

4- al | yl oxycar bonyl oxynet hyl -1, 3-di oxol ane-2-one (el ectrol yte
concentration: 0.5 nol/liter). The potential w ndow of el ectrochem cal
stability of the electrolytic solution thus obtained was determ ned. A
char gi ng/ di schargi ng test was conducted o¥ the wound-type el ectric double

| ayer capacitor thus obtained in the same manner as described in Exanple 1.
The results are shoahlyoximethyl>1 Bediipkelane-2-one, 4-(3'- .

butenyloxycarbonyloxymethyl)-5S,5-dimethyl-1,3-
&ioxolane-z'-one  4-propanoxycarbonyloxymethyl-1,3-
dioxolane-2-one and 4-propargyloxycarbonyloxymethyl)-5-
vinyl-1,3-dioxolane-2-one.

out of these, 4-methoxycarbonyloxymethyl-1,3-dioxolane-
2-one, 4-allyloxycarbonyloxymethyl-1l,3-dioxolane-2-one,
4-allyloxycarbonyloxymethyl-S-methyl-1,3~dioxolane-2-
one and 4-(1°‘-propenyloxycarbonyloxymethyl)-1,3-
dioxolane-~2-one, for example, are preferable.

Next, an explanation is given of the compound(ii) represented
by Formula (I), wherein at least.one of R' to R' is an unsaturated
hydrocarbon group, with the remaining groups selected from
among hydrogen, the alkyl group, the aryl group and the

unsaturated hydrocarbon group.

Rz ; é ’R:, ([)
1 <

In the Fonnula(';[),R‘, R?, R’ and R', which may be the same or
different, are preferably hydrogen atom, an alkyl group having
1 to 4 carbon atoms, an unsaturated hydrocarbon group having
2 to 4 carbon atoms or an aryl group having 6 to 12 carbon atoms
and at least one of R! to R is an unsaturated hydrocarbon group
having 2 to 4 carbon atoms.

Examples of such cyclic carbonic ester(ii) include 4-

vinylethylene carbonate which is represented by Formula (I)
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25 mlliliters of non-aqueous electrolytic solution were prepared by
dissolving 2.71 g (0.0125 nol) of tetrafluoroborate tetraethyl amoni um
‘((derr]Herr])[err]NBF[err]) in a mixed solvent of 4-

met hyl oxycar bonyl.oxynet hyl - 1, 3- di oxol ane- 2-one and propyl ene carbonate
mxed in a ratio by weight of 1:4 (electrolyte concentration: 0.5
nmol/liter). The potential w ndow of el ectngchemcal stability of the

el ectrolytic solution thus obtai ned was determ ned. A charging/di scharging

test was condugi&eian /R herWaWAdr! Y% &1 QGld’ RS Q)Ltbieev'lﬁ Qrgﬁéﬁéc'loﬁ t hus
obtained in the same manner as described in Exanple 1. results‘are

shown in Tabl edfridpiably@ene chribddtd wheeh f ragaeéameéw%yebsehﬁﬂéyﬁ ¥
sol ution were
wherein R' and R® are H and R’ and R' are the vinyl group;
4-methyl-4-vinylethylene carbonate which is represented by
Formula (I) wherein R' and R? are H, R’ is the methyl group, and
'R'is the vinyl group; 4-vinyl-S-methylethylene carbonate which
is represented by Formula (I) wherein R! and R’ are H, R? is the
méthyl group, and R‘ is the vinyl group; 4-(1’,3‘~
butadienenyl)ethylene carbonate which is represented by
Formula (I) wherein R', R® and R® are H and R' is the 1/,3~
butadienenyl group; and 4-(27,2‘-dimethyl)vinylethylene
carbonate which is represented by Formula (I) wﬁerein R!, R?
and R® are H, R* is the 2,2‘-dimethylvinyl group.
As the cyclic carbonic ester(ii) represented by the
aforementioned Formula(I) is preferably a compound whose R!'-is
CH=CH,, especially preferably vinylethylene carbonate or
4,5-divinylethylene carbonate whose R' is CH=CH,, R® is CH=CH,
or hydrogen atom and R’ and R' are hydrogen atom.
Next, an explanation is given of the compound(iii)

represented by Formula (I), wherein R' to R' is a group selected

from between the alkyl group and the aryl group.

3 1)
In the Formula(I), R' to R', which may be the same or different,
are a group selected from between the alkyl group and the aryl
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30 prepared by dissolving 2.71 g (0.0125 nol) of tetrafluoroborate
tetraethylamoniunm((C[err]Herr])[err]'NBF[err]) in '

4-al | yl oxynet hyl -1, 3-di oxol ane-2-one (el ectrolyte concentration: 0.5

mol /liter). The potential wi ndow of electrochem cal stability of the

el ectrolytic solution thus obtained was determ ned. A charging/discharging
test was conducted on the wound-type el ectric double | ayer capacitor thus
obtained in the sanme manner as descri bed ip,Exaane 1. The results are
shown in Table 2. Exanple 6:

group. The alkyl group is preferably an alkyl group having I
to 6 carbon atoms, more preferably an alkyl group having 1 to
4 carbon atoms. The aryl group is preferably an aryl group
having 6 to 20 carbon atoms, more preferably an aryl group having
6 to 12 carbon atoms.

In the Formula, R!' to.R', which may be the same or different,
are most preferably an alkyl group having 1 to 4 carbon atoms
or an aryl group having 6 to 12 carbon atoms.

Examples of such cyclic carbonic ester(iii) include
4,4,5,5-tetramethyl-1,3-dioxolane-2-one, 4-~ethyl-4,5 ,'5-
trimethyl-1,3-dioxolane-2-one,4=phenyl«4;5,5-trimethyl-
1,3-dioxolane~2-one and 4,4-diethyil-5,5-dimethyl-1,3-
dioxolane-2-one. |

The preferable examples of the cyclic carbonic ester(iii)
are 4,4,5,S—tetraxi\ethyl—l,3-—dioxolane-2-—one and 4,4,5.,-5—
tetraethyl-1,3-dioxolane-2-one whose R' to R' is CH, or C,H; in
the Formula.

. Next,below is given an.explanation of the compound(2}

represented by the followir{g Formula (IXI):

(wherein R® and R’, which may be the same or different, are the
alkyl group or the unsaturated hydrocarbon group).
In the Formula, R® and R, which may be the same or different,

are preferably an alkyl group having 1 to 4 carbon atoms or the
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A non-aqueous el ectrolytic solution was prepared in the sane manner as '
described in Exanple 5 except that 4-(1'-

propenyl oxymet hyl ) - 1, 3- di oxol ane-2-one was used in place of

4-al | yl oxynet hyl - 1, 3- di oxol ane-2-one. The potential w ndow of

el ectrochemical stability of the electrolytic solution thus obtained was
determ ned. A charging/discharging test was conducted on the wound-type

el ectric double | ayer capacitor thus obtailSed in the same manner as
described in Exanple 1. The results are shown in Table 2. Exanple 7: A
non- aqueous el eBsrinatesd dykdyorenbansgpeep drastingy 2diteosé| earlgor. Fioms ( 0. 0125
nol ) of tetrafluoroborate tetraethylannnniunL((C[errgF{erra)[err]NBF[err])
i n 4-vinyl et hyl eF€aBRILES M SuChH eX¢lHF Ferhogdceps teX (h inglydgoy Lnykens |

The potential carbonate,4,5—dimethylvinylenecarbonateénd4—ethy1viny1ene
carbonate.
The preferable examples of cyclic carbonic ester(3) are
vinylene carbonate, 4-methylvinylene carbonate and 4,5-
dimethylvinylene carbonate whose R® and R’ are hydrogen atom
or the methyl group.
Below is given an explanation of the compound(3) represented

by Formula (III).

I

?><T ~
8 N.9

R R

wherein R® and R’, which may be the same or different_, are the
alkyl group, the aryl group or the unsaturated hydrocarbon
group.

Examples of such cyclic carbonic ester(3) include 5,5-
dimethyl-1,3-dioxane-2-one, S,S—diethyl-l,&—dipxane—z-
one, 5,5-divinyl-1,3-dioxane-2-one, 5-vinyl-~S5-iiethyl-1,3-
dioxane-2-~one and S5-ethyl-5-methyl-1,3-dioxane-2-one.

The preferable examples of the cyclic carbonic ester(3) are
5,5-dimethyl-1,3-dioxane-2-one and 5,5-diethyl-1,3-
dioxane-2-one whose R® and R’ are CH, or C,H,.

Such cyclic carbonic ester represented in (1), (2) and (3)
above shows excellent acid resistance, is not oxidated when

allowed to stand in the atmosphere, and is chemically stable
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wi ndow of el ectrochem cal stability of the electrolytic solution thus _
obt ai ned was determ ned. A chargi ng/ di schargi ng 31 test was conducted on
the wound-type el ectric double |ayer capacitor thus obtained in the sane
.manner as described in Exanple 1. The results are shown in Table 2. Exanple
8: A non-aqueous electrolytic solution was prepared in the same manner as
described in Exanple 7 except that 4,5- divinylethylene carbonate was used

in place of 4-vinylethylene
19

without reacting with water under normal storage conditions or
reacting with highly reactive substances such as metal lithium.
Furthermore, such cyclic carbonic.ester has the properties of
being bhysically safe, being not readily decomposed thermally
and being flame-retardant and resistant to electrdchemical
oxidation or reduction.

Therefore, such cyclic carbonic ester can be used suitably
for a solvent for the electrolytic solutions for use in
capacitors,batteriesandeiectrochemicalredction, Moreover,
such cyclic carbonic ester can be used suitably in
pharmaceuticals, agrochemicals, acrylic fiber processing
agents, polymer compound solvents and organic intermediates.
Non-aqueous solvent for electrolytic solution:

In the preéent invention, non-aqueous solvernts-containing
theafbrementionedcycliccarbonicesterareuéadasthesolvent
for electrolytic solution . Such solvent may be one or more
solvents of the aforementioned cyclic carbonic ester or a mixed -
solvent with another solvent. |

Examples of such another solvent include cyc¢lic carbonic
esters such as ethylene carbonate,'propylene carbonate,
butylene carbonate and vinylene carbonate; chain carbonic
esters such as dimethyl carbonate, methylethyl carbonate,
diethyl carbonate, methylpropyl carbonate and methylisopropyl
carbonate; cyclic esters such as Y -butyrolactone, 3-methyl-
Y -butyrolactone and 2-methyl-Y -butyrolactone; chain esters

such as methyl formate, ethyl formate, methyl acetate, ethyl
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. carbonate. The potential w ndow of electrochemi cal stability of the
i electrolytic solution thus obtained was determ ned. A chargi ng/di schargi ng
*test was conducted on the wound-type el ectric double | ayer. capacitor thus
obtained in the same nmanner as described in Exanple 1. The results are
shown in Table 2. Exanple 9: 25 mlliliters of non-aqueous electrolytic
solution were prepared by dissolving 2. 71 g (0.0125 nol) of
tetrafl uoroborate tetraethylammonium ((Cerr]Herr])[err]NBF[ferr]) in a
m xed sol vent of 4- vinylethylene carbonate and propyl ene carbonate m xed
in aratio by weight of 5:95 (electrolyte&oncentration: 0.5 nol/liter).
The potential w ndow of electrochem cal stability of the electrolytic
sol ution t hus acktakeepropyldsatedatienotethyl propionate, methyl butyrate and
methyl valerate; cyclic ethers such as 1,4-dioxane, 1,3-
dioxolane, tetrahydrofurane, 2-methyl tetrahydrofurane and
3-methyl-1,3-dioxolane,; chain ethers such as 1,2-
dimethoxyethane, 1,2-diethoxyethane, diethylether,
dimethylether, methylethylether and dipropylether; and
sulfur-containing compounds such as sulfolane.
Further, as cyclic carbonic ester, the cyclic carbonic ester
having the halogen atom-substituted alkyl group described in
Japanese Laid-open Patent Publication HEI 9-63644 may be used
in addition to the aforementioned cyclic carbonic esters given
as examples. Examples of- such cyclic carbonic,ester include
monofluoromethylene carbonate, difluoromethylene carbonate
and trifluoromethyl-ethylene carbonate.
These solvents may be used singly or in combination with one
or not less than two of them.
In the present invention, if the cyclic carbonic ester
represented in (1), (2) and (3) above and another solvent are
mixed, the_cyclic carbonié ester represented in (1), (2)
and (3) above is contained in such electrolyte solvent
preferably in the amount of at least 0.1 wt%; oreferably

not less than 0.5 wtd, more preferably 1 to 100 wt%,

against the total amount of the electrolyte solvent.

Electrolyte:

Specific examples of the electrolyte contained in the

non-aqueous electrolytic solution for capacitors to which the
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t he: sane manner as described in Exanple 1. A charging/discharging test was
conducted on the wound-type electric double | ayer capacitor thus obtained
in the same nanner as described in Exanple 1. 32 The results are shown
in Table 2. Exanple 10: 25 mlliliters of a non-aqueous electrolytic
solution was prepared by dissolving 2.71 g (0.0125 nol) of

tetrafl uoroborate-4-ethylanmmonium ((Cferr]JHerr])[err]NBF[err]) in vinylene

carbonate (el ectrolyte concentration: 0.5 nol/liter). The
21

present invention relates include ammonium salts such as
tetrabutylammonium tetrafluoroborate ((C.H,)NNBF,),
tetraethylammonium tetrafluoroborate ( (C,H;) NBF,)
triethyl-monomethylammonium tetrafluoroborate
((CJ&),(CH,)NBF‘), tetrabutylammonium hexafluorophosphate
((CH,) NPF,)., tetraethylammonium hexafluorophosphate
((C.H;s) NPF¢) and triethyl- moonomethylammonium
hexafluorophosphate .((C,H,),(CH,)NPF‘); phosphonium salts such
as tetrabutylphosphonium tetrafluoroborate ((CH,) PBF,),
tetraethylphosphonium tetrafluoroborate ((C.Hs) PBE,) ,
tetrabutylphosphonium hexafluorophosphate ((C H,) PPFs) and
tetraethylphosphonium tetrafluorophosphate ( (C,H,) PPF); and
the electrolytes used normally for the electrolytic .solutions
for electric double layer capacitors, such as the electrolyte
described in the International Publication W0S95/15572
Publication.

Out of these, (C/H,)/NBF,, (C,H¢) /NBF, and (C,H;),(CH,;)NBF, are

preferably used.

The electrolyte is contained in an amount.of normally 0.1
to 3mol/liter, preferably 0.4 tol.5mol/liter, more preferably
0.5 to 1.5 mol/liter in such non-aqueous electrolytic solution
for capacitors. Since the non-aqueous electrolytic solution
for electric double layer capacitors of the present invention
contains the cyclic carbonic ester represented in (1),(2) and
(3), it shows high potential window of electrochemical

stébilityandexcellentcharging/dischargingcycleproperties.
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potential wi ndow of electrochem cal stability of the electrolytic solution-
t hus obtai ned was determ ned. A charging/discharging test was conducted on
the wound-type electric double | ayer capacitor thus obtained in the sane
manner as described in Exanple 1. The results are shown in Table 2. Exanple
11: 25 milliliters of non-aqueous electrolytic solution were prepared

bydi ssolving 2.71 g (0.0125 nol) of tetrafluoroborate tetraethyl amoni um
((Clerr]Herr])[err]NBFferr]) in a m xed solvent of propylene carbonate and
vi nyl ene carbonate mxed in a ratio by weeght of 95:5 (electrolyte :
concentration: 0.5 nol/liter). The potential w ndow of el ectrochem cal

stability of tM¥eRvRE:,r e hbh-89hsdbudRleldsoDPt ¢ Beduvasn At eh8Ig1RG e
invention shows a high flash point and excellent safety
performance compared with such conventional solvents used for
electrolytic solutions as 1,3-dioxolane, tetrahydrofuran and
-1,2-diethoxyethene. Because of this, the use of he non-aqueous
electrolytic solution for electric double layer capacitors of
the present invention enables the obtaining of electric double
layer capacitors which show high safety performance and high
with-stand voltage and excellent charging/discharging cycle
properties.

Capacitors:

The electric double layer capacitors are made up of two
electrodes, a separator and normally a corrosion-resistant
electrolytic solution. The two electrodes formed .from. a-
material having a large surface area such as activated carbon
and a binder such as fluororesins are so arranged that they face
each other via a porous separator made of polyethylene or
polypropylene, and the space between these electrodes and the
porous separator and the inside of the porous separator are
filled with the electrolytic solution.

As the electrodes, electrodes formed from a material having
a large surface area \such as activated carbon and a binder such
as fluororesins are used preferably;

As the.electrode material, activated carbon is preferable.
As examples of activated carbon, fibrous or powder activated

carbons can be cited, such as phenol-based, pitch-based,
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char gi ng/ di schargi ng test was conducted on the wound-type electric double.
| ayer capacitor thus-obtained in the sane nmanner- as described in Exanple 1.
"The results are shown in Table 2. Exanple 12: 25 mlliliters of non-aqueous
el ectrolytic solution were 33 prepared by dissolving 2.71 g (0.0125 nol)
of tetrafluoroborate tetraethylamonium ((Cerr]Herr])[err]NBFferr]) in a
m xed sol vent of 5,5- dinethyl-1, 3-di oxane-2-one and propyl ene carbonate
mxed in aratio by weight of 1:1 (electrolyte concentration: 0.5

23

pdlyacrYlonit:ile-based and- coconut-shell-based activated
carbons. Normally, activatedcarbons having a specific surfa.ce
area of not less than 1,000 mi/g are preferable. Further, as
examples of the methoq for activating carbon, the steam
activation and alkali activation methods can be cited.

As examples of the binder, carboxymethylcellulose,
polyvinylidene chloride, polyvinyl pyrrolidone, polyimide,
polyvinyl alcohol and polyacrylicacid. Further, acombination
of the aforementioned electrode material {activated material
and a collector is normally used preferably for the electrodes.

As the collector, aluminum foil, for example, is used
preferably.

As preferable examéles of the separator, porous films and
nonwoven fabrics made from polyolefin such as —poiyethyl,ene-.aind
polypropylene can be cited. '

Given below is an explanation of a specific example of the
electric double layer capacitors, using a drawing.

The Fig.l and Fig.2 of are the illustrations showing the
structure of the capacitor element of a wound-type electric
double layer capacitor, which is a type of electric double layer
capacitor and the state of the aforementioned capacitor element
being inserted into the metal case as a part integral with the
sealing part. In the Fig.l and Fig.2, 1 represents a capacitor .
element, and this Capacitor Elemént 1 is formed by winding
Polarizable Electrode 3 on the anode side to which Anode Side

Lead Wire 2 is connected and Polarizable Electrode 5 on the
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mol-/liter). Thepotential w ndowof electrochem cal stability of the
“electrolytic solution thus obtained was determ ned. A chargi ng/di schargi ng
*test was conducted on the wound-type el ectric double |ayer capacitor thus
obtained in the same nmanner as described in Exanple 1. The results are
shown in Table 2. 34 Table 2 Sol vent Pot ential w ndow of

el ectrochem cal Anobunt of stability change in (V vs Ag/ Ag+)

24

cathode side to which Cathode Side Lead Wire 4 is connected,
with Separator 6 placed in-between. Sealing Part 7, made of
rubber, is attached to the Anode Site Lead Wire 2 and Cathode
Site Lead Wire 4 of Capacitor Element 1. Further, Capacitor
Element 1, previously impregnated with a driving electrolytic
solution, is put in Metal Case 8 made of aluminum in a bottomed
cylindrical form. As a result of Capacitor Element 1 being
housed in Metal Case 8, Sealing Part 7 is located at the opening
of Metal case 8, and the opening of Metal Case 8 is sealed by
subjecting the case to the processing of sidéwsqueezingwand
curling. As a result, Sealing Part 7 is caused to fit into the
opening of Metal Case 8.

In the foregoing, an explanation is given of an electric
double layer capacitor of the wound type. However, thé'éame
effect can also be achieved by using the electrolytic solution
of the present invention in other electric double Yayer
capacitors ha_ving a structure different from.that of the
wound-type electric double layer capacitor, such as the
electric double layer capaéitor of the coin type described in
the Japanese published Patent HEI 3-51284 Publication and the
electric double layer capacitor of the laminated type described
in the Japanese Laid—bpen Patent HEI 8-78291 Publication.
EXAMPLES

In the following examples are described several preferred
embodiments to illustréte the present invention. However, it

is to be understood that the present invention is not intended

This ig the replacement shaot

2 3 NOV 1998

"
LR



Oxi dation Reduction Potential capacity potential potential difference

(%9 (V vs (V vs (V) Ag/ Ag+) Ag/ Ag+) Exanpl e 4-allyl oxy-
4.2 -3.1 ' 7.3 -2 3 car bonyl oxy- methyl -1, 3-
di oxol ane- 2- one Exanpl e 4-net hyl oxy- 3.0 -3.1 6.1

-3 4 car bonyl oxy- nethyl -1, 3- di oxol ane-2-one/ propyl ene
carbonate(1/4) _

25

to be limited to the specific embodiments.

In this patent application, the evaluation of the potential
window of electrochemical stability of the electrolytic
solution and the charging/discharging test were conducted as
described below.

The results are shown in Table 1.

Potential window of electrochemical stability:

The aforementioned electrolytic solution was put in a
three-pole potential window of electrochemical stability
determination cell using a glassy carbon electrode for the work
electrode and the counter electrode and an Ag/Ag+ electrode as
the reference electrode, and the electric potential was scanned
at 10 mV/sec by use of a potentiogalvanostat. With the Ag/Ag+
electrode used as the reference, the range in which not less
than 1 (A of oxidation reduction decomposition current did not
flow was regarded as potential window of electrochemical
stability.

Charging/discharging Test:

A charging/discharging test was conducted -in-which the
process of charging a capacitor up to a final charging voltage
of 3.5V at a charging current of 3A in an environment at 70°C
and then discharging the capacitor to a final discharging
voltage of 1.5V at a discharging current of 3A was determined
to be one cycle. Under these conditions, the amount of change
in the capacity of the wound-type electric double layer

capacitor after 10,000 cycles was determined.
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-4-al’l yl oxynet hyl 3.6 -3.1 6.7 -6 Exanpl e

-1, 3-di oxol ane- 5 2-one Exanple 4-(1'-propenyl - ~ 5.3 - 2.
7.5 -5 6 oxynet hyl ) -1, 3- di oxol ane- 2-one Exanpl e
4-vi nyl et hyl ene 2.8 -2.1 4.9 -7 7
car bonat e Exanpl e 4, 5-vi nyl et hyl ene 3.1 -2.2 5.3
-8 8 carbonat e Exanpl e 4-vi nyl et hyl ene 3.1 -2.3
5.4 -9 9 car bonat e/ propyl ene carbonate (5/95)
26

Example 1:

25 milliliters of non-aqueous electrolytic solution were
prepared by dissolving 2.17 g (0.01 mol ) of tetrafluoroborate
tetraethylammonium ( (C,Hs)(NBl-"") in 4~méthacry10yloxymeth_yl-—
1,3-—dioxolahe-2-—one (electrolyte concentratio.n: 0.5

mol/ liter). The potential window of e_lect,rochemica; stability

of the electrolytic solution thus obtained was determined. -

Moreover, a wound-type electric double layer capacitor with
a rated capacity of 2.3V30F (18 mm in diameter x 40 mm in length)
as shown in Fig.1 and Fig.2 was prepared by using the non-aqueous

electrolytic solution obtained as described above as the

-electrolytic solution, "an aluminum foil, that its surface is

roughened, coated with a slurry in water of a mixed powder of
coconut shell activated carbon powder, acetylene bilack and
carboxymethylcellulose in the prescribed thickness and dried
as the polarizable electrode, and nonwoven fabrics made ffom
polypropylene as the separator. A charging/discharging test
was conducted on the wound-type electric double layer
capacitor.

Further, in the following Examples, wound-type electric
double layer capacitors similar to the one of Example 1 were
prepared, and a charging/discharging test was conducted on the
wound-type electric double layer capacitors.

Example 2:
25 milliliters of non-aqueous electrolytic solution were

prepared by dissolving 2.71 g (0 .0125 mol) of tetrafluoroborate

This is the replacement sheet

Date: 2 3 NOV 1998

2



Exanpl e Vi nyl ene - 3.6 -2.6 6.2 -4 10

car bonate Exanpl e Vinyl ene 3.0 -2.7 5.7
-5 11 car bonat e/ propylene carbonate (5/95) .Exanpl e 5, 5-di net hyl -
3.6 -2.6 6.2 -6 12 - di oxane- 2- one /propylene
carbonate (1/1) 35 :
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tetraethylammonium ((C,H;)NBF() in 4-acryloyloxymethyl-1,3-
dioxolane-2-one (electrolyte concentration: 0.5 mol/liter).
The electrolytic solution thus obtained was evaluated in the
same manner as described in Example 1. Moreovér, a wound-type
electric double layer capacitor was prepared in the same manner
as described in Example 1 except that the electrolytic solution
thus obtained was used. A charging/discharging test was
conducted on the wound-type electric double layer capacitor
under the same conditions used in Example 1.

The results are shown in Table 1.
Comparative Example 1: |

An electrolytic solution was prepared in the same manner as
described in Example 1 except that propylene carbonate was used
in place of 4-methacryloyloxymethyl—-1,3-dioxoiane—2—one in
Example 1.

Moreover, a wo'und—type -electric double layer capacitor was
prepared in the same manner. as described in Example.l exceptl
that the electrolytic solution of Comparative Example 1 is.used.
A charging/discharging test was conducted oﬂ the wound-type
electric double layer capacitor under the same conditions as
those of Examples 1 and 2.

The results are shown in Table 1.
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Further, in the foregoing, an explanation was gi ven of the non-aqueous

el ectrolytic solution for capacitors by using electric double |ayer
capacitors as exanples. However, the present invention is by no neans
limted by this, and the sane effect can be achieved even in the case of
using the electrolytic solution for alum numelectrolytic capacitors. 36
What we claimis: 1. A non-aqueous electrolytic solution for capacitors

whi ch conpri ses an non-aqueous sol vent containing at |east one cyclic
carbonic ester selected from conmpounds of the

28
Table 1 _
Solvent Potential window of electrochemical [Amount of
stability change in
~(V vs Ag/Ag+)
oxidation Reduction | Potential |capacity
potential potential |difference (%)
(V vs (V vs V)
Ag/Agt) Ag/Agt)
Example 1 |4~-metha- 3.8 -3.3 7.1 -4
cryloyloxy-
|methyl-1,3-
dioxolane-2-
one
Example 2 4~ 4.8 -3.5 8.3 -3
acryloyloxy-—
methyl-1,3~
dioxolane
-2-one
Comparative |Propylene 2.4 -3.1 1- 5.5 . ~-12
Example 1 carbonate :

It can be seen from Table 1 that since Examples 1 and 2 show
highoxidationpotentialandiisignificéntpotentialdifference,.-
between oxidation potential and reduction potential compared
with Comparative Example 1, Examples 1 and 2 show high potential
window of electrochemical stability. FPurthermore, it can also
be seen that since the wound-type electric double layer
capacitors using the electrolytic solutions of Examples 1 and
2 show only a slight change in capacity after the
charging/discharging test compared with the wouné—type
electric double layer capacitors using the electrolytic
solutions of Comparative Example 1, the use of the electrolytic
solution of the present invention makes possible the formation
of electric double layer capacitors which show high with-stand

voltage and excellent charging/discharging cycle properties.
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following (1), (2) and (3) and an electrolyte: (1) A conpound which is
represented by Fornmula (I1): [err] (wherein R err] to Rerr], which may be
‘the same or different, are hydrogen, the al kyl group, the unsaturated

hydr ocar bon group, the aryl group or a group represented by -CH err]-0OA,
wherein A stands for Rerr], CORerr] or COO Rerr] [wherein Rerr] is
the al kyl group or the unsaturated hydrocarbon group]); said conpound being
such that: (i) In Formula (1), at |east ong of Rlerr] to Rlerr] is the

af orenenti oned group represented by -CHerr]-O-A wth the remaining groups
sel ected from anong hydrogen, the al kyl group and the unsaturated

hydr ocar bon grEdii“[.‘}‘.P%ﬁ ry3) In Formula (I), at least one of Rerr] to Rerr] .is

the 25 milliliters of non-aqueous electrolytic solution were
prepared by dissolving 2.17 g (0.01 mol) of tetrafluoroborate
tetraethylammonium( (C,H;) NBF,) in 4-allyloxycarbonyloxymethyl
-1,3-dioxolane-2-one (electrolyte coqcehtration: 0.5

‘mol/liter). The potential window of elect_rochemical stability
of the electrolytic solution thus obtained was determined. A
charging/discharging test was conducted on the wound-type
electric double layer capacitor thus obtained in the same manner
as described in Example 1.
The results are shown in Table 2.

Example 4:

25 milliliters of non-agqueous electrolytic solution were

prepared by dissolving 2.71 g (0.0125 mol) of tetrafluorobqua_\te
tetraethylammonium ((C,Hs)NBF,) in a mixed solvent of 4-
methyloxycarbonyloxymethyl-1,3-dioxolane-2-one and propylene
carbonate mixed in a ratio by weight of 1:4 (electrolyte
concentration: 0.5 mol/liter). The pofential=vﬁ1nkmw of
electrochemical stability of the electrolytic solution tﬁus
obtained was determined.
A charging/discharging test was conducted on the wound-type
electric.double layer capacitor thus obtained in the same manner
as described in Example 1.

The results are shown in Table 2.

Example 5:

25 milliliters of non-aqueous electrolytic solution were
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unsaturated hydrocarbon group, with the remaining groups selected from
anong hydrogen, the al kyl group, the aryl group and the unsaturated
hydr ocarbon group. (iii) In Formula (1), Rerr] to Rerr] are selected from
anong the al kyl group and the aryl group. 37 (2) A conmpound which is
represented by Formula (I11): [err] (wherein Rerr] and R err], which my be
the sanme or different, are hydrogen atom the al kyl group or the
unsat urat ed hydrocarbon group); and 30 :
prepared by dissolving 2.71 g (0.0125 mol) of tetrafluoroborate
tetraethylammonium{ (C,Hs) NBF.} in
4-allyloxymethyl-1,3-dioxolane-2-one (electrolyte
concentration: 0.5 mol/liter). The potential window of
,electroéhemical stability of the electrolytic solution thus
obtained was determined. A charging/discharging test was
conducted on the wound-type electric double layer capacitor
thus obtained in the same manner as described in Example 1.
The results are shown in Table 2.
 Example 6:

A non-aqueous electrolytic solution was prepared in the same
manner as described in Example 5 except that 4-(1°-
propenyloxymethyl)-1,3-dioxolane-2-one was used in place of
4-allyloxymethyl-1,3-dioxolane-2-one. The potential window
of electrochemical stability of the electrolytic¢ solution thus
obtained was determined. A charging/discharging test was
conducted on the wound-type electric double layer capacitor
thus obtained in the same manner as described in Example 1.

The results are shown in Table 2.

Example 7:

A non-aqueous electrolytic solution was prepared by
dissolving 2.71 g (0.0125 mol) of tetrafluoroborate
tetraethylammonium ((C,H;) NBF,) in 4-vinylethylene carbonate
(electrolyte concentration: 0.5 mol/liter). The potential

window of electrochemical stability of the electrolytic

solution thus obtained was determined. A charging/discharging
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(3)- A conmpound which is represented by Formula-(111): [err] (wherein R err]
and R err], which may be the sane or different, are the al kyl group, the
~aryl group or the unsaturated hydrocarbon group). 2. A non-aqueous
el ectrolytic solution for capacitors as claimed in Claim1, wherein in the
Rlerr] to Rerr] of the aforenentioned Fornulas (1), (Il) and (I111), the
al kyl group, unsaturatedhydrocarbon group and aryl group are an al kyl group
having 1 to 6 carbon atons, an unsaturated hydrocarbon group having 2 to 6
atons and an aryl group having 6 to 12 carbon atons, respectively. 3. A
non- aqueous el ectrolytic solution for capatitors as clainmed in Caima1l,
wherein the cyclic carbonic ester is

test was conducted on the wound-type electric double layer

capacitor thus obtained in the same manner as described in
Example 1.

The results are shown in Table 2.
Example 8:

A non-aqueous electrolytic solution was prepared in the same
manner as described in Example 7 except that 4,5-
divinylethylene carbonate was used in place of 4-vinylethylene
carbonate. The potential window of electrochemical stability
of the electrolytic solution thus obtained.was.determined. A
charging/discharging test was conducted on the wound-type
electric double layer capacitor thus obtained in tlhe same manner
as described in Example 1.

The results are shown in Table 2.

Example 9:

25 milliliters of non-aqueous electrolytic solution were
prepared by dissolving 2.71 g (0.0125 mol) of_.tetrafluoroborate.
tetraethylammonium ((C,H;)NBF,) in a mixed solvent of 4-
vinylethylene carbonate and propylene carbonate mixed in a
ratio by weight of 5:95 (electrolyte concentration: 0.5
mol/liter). The potential window of electrochemical stability
of the electrolytic solution thus obtained was determined in
the same manner as described in Example 1. A |
charging/discharging test was conducted on the wound-type
electric double layer capacitor thus obtained in the same manner

as described in Example 1.
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a conmpound which is represented by the followng Formula (1): . 38 [err]
wherein R err], Rerr], Rerr] and Rerr], which my be the sane or

di fferent,

are hydrogen atom an al kyl group having 1 to 4 carbon atons, an

unsat urat ed hydrocarbon group having 2 to 4 carbon atons or an aryl group
having 6 to 12 carbon atons and at |east one of R err] to Rerr] is an
unsat urated hydrocarbon group having 2 to 4 carbon atons. 4. A non-aqueous
electrolytic solution for capacitors as

32

‘fhe results are shown in Table 2.
Example 10:

25 milliliters of a non-agqueous electrolytic solution was
prepared by dissoiving 2.71 g (0.0125 mol) of
tetrafiuoroborate—«i-ethylammonium ((C,H;) NBF,) in vinylene
carbonate (electrolyte concentration: 0.5 mol/liter). The
potential window of electrochemical stability of the
eleétrolytic solution thus obtained was determined. A
charging/discharging test was conducted on the wbundetype
electric double layer capacitor thus obtained in the same manner
as described in Example 1.

The results are shown in Table 2.

Example 11:

25 milliliters of non-aqueous electrolytic selution were
prepared by dissolving 2.71 g (0.0125 mol) of tetrafluoroborate
tetraethylammonium ( (C,H;) NBF,) in a mixed solvent of propylene
carbonate and vinylene carbonate mixed in a ratio by weight of
95:5 (electrolyte concentration: 0.5 mol/liter). The
potential window of electrochemical stability of the
electrolytic solution thus obtained was determined. A
charging/discharging test was conducted on the wound-type
electric double layer capacitor thus obtained in the same manner
as described in Example 1.

The results are shown in Table 2.

Example 12:

25 milliliters of non-aqueous electrolytic solution were
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claimed in Caim1l, wherein the cyclic cabonic ester is a conpound which is
represented by the Formula(lV), (IV) [err] (I1V) wherein Rerr] to Rerr],
“whi ch may be the sane or different, are hydrogen atom an al kyl group
having 1 to 6 carbon atons, an unsaturated hydrocarbon group having 2 to 6
carbon atons, a hydrocarbon group having 1 to 7 carbon atons and contai ni ng
t he al koxy group or an unsaturated hydrocarbon group having 2 to 7 carbon
atons and containing the al koxy group, andgsRerr] is an al kyl group having
1 to 6 carbon atonms or an unsaturated hydrocarbon group having 2 to 6

carbon atoms bgt-BpQfedyyodi 481 Vg BY7 Ngl(.912381 b 19*Y PRt rafluoroborate
tetraethylamnionium ((C,H;) NBF,) in a mixed solvent of §,5-
dimethjl-—l,3-—dioxane—-2-one and propylene carbonate mixed in a
ratio by weight of 1:1 (electrolyte concentration: 0.5
mol/liter). The potential window of electrochemical stability
of the electrolytic soiution thus obtained was determined. &a
chargiﬁg/discharging test was conducted on the wound-type
electric double layer capacitor thus obtained in the same manner
as described in Example 1.

The results are shown in Table 2.

This is the replacement shast

Dater 9 3 NV 1998



5. *A non- aqueous el ectrolytic solution for capacitors as
Claiml1l, wherein the cyclic carbonic ester
“represented by the followi ng Formula (1):

Rlerr] to Rerr]

hydrogen atom an_al kyl

39 cl ai ned

Is a conmpound which is

[err] wherein at
is a group represented by -CHerr]-OCO X (wherein Xis
group having 1 to 6 carbon atons or an unsaturated

| east one of

hydr ocarbon group having 2 to 6 carbon ag¢ns) and the renai ni ng groups,
whi ch nmay be the sanme or different, are any of hydrogen atom

Table 2
Solvent Potential window of electrochemical|Amount of
stability change in
V vs Ag/Ag+
oxidation | Reduction | Potential | capacity
potential | potential |difference (%)
(V vs (V vs (V)
Ag/Ag+) Ag/Ag+t)
Example ]4-allyloxy- 4.2 -3.1 7.3 -2
3 carbonyloxy-
methyl-1,3-~
dioxolane-2-one 1
Example l4-methyloxy- 3.0 -3.1 6.1 -3
4 carbonyloxy- 1
methyl-1,3-
dioxolane-2-one/
propylene
carbonate(1/4)
4-allyloxymethyl 3.6 -3.1 6.7 -6
Example |-1,3-dioxolane-
5 2-one
Example {4-(1’-propenyl- 5.3 -2.2 7.5 . =5
6 oxymethyl)-1,3- ' ’
dioxolane-2-one
Example |4-vinylethylene 2.8 =2.1 4.9 -7
7 carbonate .
Example |4,5-vinylethylene 3.1 -2.2 5.3 -8
8 carbonate »
Example |4-vinylethylene 3.1 -2.3 5.4 -9
9 carbonate/
. |lpropylene
carbonate (5/95)
Example |Vinylene 3.6 -2.6 6.2 -4
10 carbonate
Example |Vinylene 3.0 ~2.7 5.7 -5
11 carbonate/
propylene
carbonate (5/95)
Example {5,5-dimethyl-1,3 3.6 -2.6 6.2 -6
12 -dioxane-2-one
/propylene
carbonate (1/1)
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an.al kyl group having 1 to 6 carbon atons, an unsaturated hydrocarbon group
having 2 to 6 carbon atons, a hydrocarbon group having 1 to 6 carbon atons
.and containing the al koxy group, al kanoyl oxy group or al kenoyl oxy group and
an unsaturated hydrocarbon group having 2 to 6 carbon atonms and cont ai ni ng
t he al koxy group, al kanoyl oxy group or al kenoyl oxy group. 6. A

non- agueous el ectrolytic solution for capacitors as clainmed in Caiml,
wherein the cyclic carbonic ester is a conpound which is represented by the
following Formula (1): [err] 35

Further, in the foregoing, an explanation was given of the
non-aqueous electrblytic solution for capacitors by using
electric double layer capacitors as examples. However, the
present invention is by no means limited by this, and the same
effect can be achieved even in the case of us ing the electrolytic

solution for aluminum electrolytic capacitors.
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40 wherein at |least one of Rerr] to Rerr] is a group represented by
-CHerr]-OCOO X (wherein X is hydrogen atom an al kyl group having 1 to 6
tar.bon atonms or an unsaturated hydrocarbon group having 2 to 6 carbon
atons) and the remaining groups, which my be the sane or different, are
any of hydrogen atom an al kyl group having 1 to 6 carbon atons, an
unsat ur ated hydrocarbon group having 2 to 6 carbon atons, a hydrocarbon
group having 1 to 6 carbon atons and contai ning the al koxy group, and an
unsat urat ed hydrocarbon group having 2 t®@e66 carbon atons and containing the
al koxy group. 7. A non-aqueous electrolytic solution for capacitors as
claimed in daiml, wherein the cyclic carbonic ester is

What we claim is:

1. A non-aqueous electrolytic solution for capacitors which
comprises an non-aqueous solvent containing at least one
cyclic carbonic ester selected from compounds of the
following (1), (2) and (3) and an electrolyte:

(1) A compound which is represented by Formula (X):

(wvherein R! to R!, which may be the same or different,
are hydrogen, the alkyl group, the unsaturated
hydrocarbon group, the aryl group or a group represented
by -CH,-0-A, wherein A stands for R’, CO-R’ or CO-0-
R® [wherein R° is the alkyl group or the unsaturated
hydrocarbon group]); said compound being-such that:
(i) In Formula (I), at least one of R!' to R‘ is the
aforementioned group represented by -CH,~-O-A, with the
remaining groups selected from among hydrogen, the
alkyl group and the unsaturated hydrocarbon group.
(ii) In Formula (I), at least one of R' to R' is the
unsaturated hydrocarbon group, with the remaining
groups selected from among hydrogen, the alkyl group,
the aryl group and the unsaturated hfdrocarbon group.
(iii) In Formula (I), R' to R' are selected from among
the alkyl group and the aryl group.
||“ “l“ “m “ ‘“l This is the replacemsnt shaat
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a conmpound which is represented by the followng Formula-(1): [err] wherein
are sel-ected frombetween an al kyl group having 1 to 4
~carbon atons and an aryl group having 6 to 12 carbon atons. 8. A

non- aqueous el ectrolytic solution for capacitors as clainmed in Caima1l,
wherein the cyclic carbonic ester is a conpound which is represented by the
followng Fornmula (11): 41

Rlerr] to Rerr]

2.

37

(2) A compound which is represented by Formula (II):

(3)

(I):

(wherein R® and R’, which may be the same or different,
are hydrogen atom, the alkyl group or the unsaturated
hydrocarbon group); and

A compound which is represented by Formula (XXX):

N

w ~
8 N9

R™ R

(wherein R® and R’, which may be the same or different,
are the alkyl group, the aryl group or the unsaturated

hydrocarbon group).

A non-aqueous electrolytic solution for capacitors as
claimed in Claim 1, wherein in the R' to R‘' of the
aforementioned Formulas (I), (II) and (IXX), the alkyl

group, unsaturated hydrocarbon group and aryl group are

an alkyl group having 1 to 6 carbon atoms, an
unsaturated hydrocarbon group having 2 to 6 atoms and an
aryl group having 6 to 12 carbon atoms, respectively.

A non-aqueous electrolytic solution for capacitors as
claimed in Claim 1, wherein the cyclic carbonic ester is

a compound which is represented by the following Formula

he replacemert sheat

R O R O This is !
* c L M S .

Date:

2 3 NOV 1938



[err] wherein Rerr] and R err], which may be the sane or different, are
hydr ogen atom an al kyl group having 1 to 4 carbon atons or an unsaturated
*hydr ocar bon group having 2 to 4 carbon atons. 9. A non-aqueous

el ectrolytic solution for capacitors as claimed in Claim1, wherein the
cyclic carbonic ester i's a conpound which is represented by the foll ow ng
Formula (Il11): [err] wherein R err] and $err], which nay be the sane or
different, are an al kyl group having 1 to 4 carbon atons, an unsaturated
hydr ocar bon group having 2 to 4 cgrbon atons or an aryl group having 6 to
12 carbon atons. o o

RZ. > é .,Rs ([)
L £

wherein R!, R?, R® and R‘, which may be the same or different,
are hydr;)gen atom, an alkyl group having 1 to 4 carbon atoms,
an unsaturated hydrocarbon group having 2 to 4 carbon atoms
or an aryl group having 6 to 12 carbon atoms and at least
one of R' to R is an unsaturated hydrocarbon group having
2 to 4 carbon atoms.
4. A non-aqueous electrolytic solution for capacitors as

claimed in Claim 1, wherein the cyclic cabonic es;:e}:. ds-a

compound which is represented by the Formula(IV),

(IV)
o
o/lko
R'\{ > QRS
CH,—O—R®
] ) | (IV)

whérein R! to R’, which may be the same or different, are
hydrogen atom, an alkyl group having 1 to 6 carbon atoms,
an unsaturated hydrocarbon group having 2 to 6 carbon atoms,
a hydrocarbon group having 1 to 7 carbon atoms and containing
the alkoxy group or an unsaturated hydrocarbon group having
2 to 7 carbon atoms and containing the alkoxy group, and
R® is an alkyl group having 1 to 6 carbon atoms or an
unsaturated hydrocarbon group having 2 to 6 carbon atoms
both of which may or may not contain oxygen .

S. A non-aqueous electrolytic solution for capacitors as

This is the replacement shaat
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10.. A capacitor using the non-aqueous electrolytic solutions as clained in
any of dains 1 through 9. 11. A capacitor as clained in Caim10, wherein
:the capacitor is an electric double |ayer capacitor. 12. An electric double
| ayer capacitor conprising a polarizable electrode on the anode side, a

pol ari zabl e el ectrode on the cathode side® a separator and an el ectrol ytic

solution, characterized in that the polarjzable el ectrodes are 42
el ectrodes using sdainedeth CdaonlpokRFeHs WiFeCEPLEE IRIP B @S4CTaRd t he

el ectrolytic solution is the Qlectrolgtlc )
a compound which is répresented by the following Formula

(X):

wherein at least one of R' to R' is a group represented by
-CH,~0-CO-X (wherein X is h)_rdrogen atom, an alkyl group
having 1 to 6 carbon atoms or an unsaturated hydrocarbon
group having 2 to 6 carbon atoms) and the remaining groups,
which may be the same or different, are any of hydrogen atom,
an alkyl group having 1 to 6 carbon atoms, an unsaturated
hydrocarbon group having 2 to 6 carbon atoms, a hydrocarbon
group having 1 to 6 carbon atoms and containing the alkoxy
group, alkanoyloxy droup or alkenoyloxy group and an
unsaturated hydrocarbon group having 2 to 6.carbon -atoms
and containing the alkoxy group, alkanoyloxy ‘- group or
alkenoyloxy group.
6. A non-aqueous electrolytic solution for capacitors as

claimed in Claim 1, wherein the cyclic carbonic ester is

a compound which is represented by the following Formula

{X):

R
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solution as clainmed in any of Clains 1 through 9. 13. An electric double
| ayer capacitor as clainmed in Caim1l2, wherein the pol arizabl e el ectrodes

are the el ectrodes obtained by coating onto a collector foil

a m xed powder

of activated carbon powder to which acetyl ene bl ack and
car boxymnet hyl cel | ul ose are added and drying it.

40

wherein at least one of R! to R is a group represented by
~CH,~0-C00-X (wherein X is hydrogen atom, an alkyl group
having 1 to 6 carbon atoms or an unsaturated hydrocarbon
group having 2 to 6 carbon atoms) and the remaining groups,
which may be the same or different, are any of hydrogen atom,
an élkyl group having 1 to 6 carbon atoms, an unsaturated
hydrocarbon grbup having 2 to 6 carbon atoms, a hydrocarbon
group having 1 to 6 carbon atoms and conta.uu_ng the alkoxy
group, and an unsaturated hydrocarbon group having.2. to.ﬂ
carbon atoms and containing the alkoxy group.

A non-aqueous electrolytic solution for capacitors as
claimed in Claim 1, wherein the cyclic«cérbonic ester is

a compound which is represented by the following Formula

wherein R' to R' are selected from between an alkyl group
having 1 to 4 carbon atoms and an aryl group having 6 to
12 carbon atoms.

A non-aqueous electrolytic solution for capacitors as
claimed in Claim 1, wherein the cyclic carbonic ester is
a compound which is represented by the following Formula

(I1):
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10.

11.

12.

41

/j;===11\ @
(3 R1

wherein R® and R’, which may be the same or different, are
hydrogen atom, an alkyl group having 1 to 4 carbon atoms
or an unsaturated hydrocarbon group having 2 to 4 carbon
atonms.

A non-aqueous electrolytic solution for capacitors as
claimed in Claim 1, wherein the cyclic carbonic ester is
a compound which is represented by the following Formula

(III):

I

%9 @
g8 N9

R R

wherein R® and R°, which may be the same or different, are
an alkyl group having 1 to 4 carbon atoms, an unsaturated
hydrocarbon group having 2 to 4 carbon atoms or an aryl group
having 6 to 12 carbon atoms.

A capacitor using the non-aqueous electroiytic solutions

as claimed in any of Claims 1 through 9.

‘A capacitor as claimed in Claim 10, wherein the capacitor

is an electric double layer capacitor.

An electric double layer capacitor comprising a polarizable
electrode on the anode side, a polarizable electrode on the
cathode side, a separator and an electrolytic solution,

characterized in that the polarizable electrodes are

R RO

pate: 2 3 NOV 1998

This is the replacemsnt shadt



13.

42

electrodes using activated carbon powder as the electrode
material and the electrolytic solution is the electrolytic
solution as claimed in any of Claims 1 through 9.

An electric double layer capacitor as claimed in Claim 12,
wherein the polarizable electrodes are the electrodes

obtained by coating onto a collector foil a mixed powder

" of activated carbon powder to which acetylene black and

carboxymethylcellulose are added and drying it.
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NON-AQUEQUS ELECTROLYTIC SOLUTION FOR CAPACITOR AND
CAPACITOR CONTAINING NON-AQUEOUS ELECTROLYTIC SOLUTION

ABSTRACT

Non-aqueous electrolytic solutions for capacitors which
release a little gas, have excellent potential window of
electrochemical stability and enable capacitors to show
excellent charging/discharging cycle properties and safety
performance, and capacitors containing such non-aqueous
electrolytic solutions.

The non-aqueous electrolytic solution for qapacitors
comprises an electrolytic solution containihg at least one
cyclic carbonic ester selected from specified compounds and-an

electrolyte.

Figure 1
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