18 03615

[erre[ : ELECTRCLYTIC SCLUTI ON FOR CAPACI TOR AND CAPACITORq
“TECHNICAL Fl ELD - The present invention relates to a non-aqueous&!ﬁg
el ectrolytic 5 solution for capacitors. which contains primarily phosp C
ester, specifically a non-aqueous electrolytic solution for el ectric
doubl e lL.ayer capacitors, nore specifically a capacitor . showi ng hi gh
energy density and excellent wth-stand voltage and charging/ ‘10

di schargi ng cycle properties, and especially a non-aqueous

el ectrol.ytic solution that can provide electtic double |ayer

capaci tors. NI CAL_ BACKGROUND t he esent capacitors,
particularly el e@PFg_{R%ﬁ Hle S%qugygpkcgb%éjfm AGl 'EﬂBam ty

i nt ermedi at e between t hat of a battery and that of a capacitor, as a
backup power supply for ICs and nenories and a suppl ement or

alternative to FFggﬁigggggﬁﬁugatteries have been used widely as a
| ow power d ower supply. In recent years, however, there
20 have been new p@{d RLgefit G.‘L%"e%&SnCFéiaQ:%% €9 ﬁ@nliﬁxfé&h% Egeeﬁ'ﬁolytlc

after another, such as " VIRwth a burlt-in canera, ories and
| aptop conputsr s godgtdos hiér tdapubitorer RhlléR &®fthins pramai:myngh@@wﬁc
that those electric double |ayer capacitors used as a backup power

supply and a suppketeept specificallyt idvaon-aqueous electrolytic solution for
| electric double layer capacitors, more specificaily a capacitdr
showing higﬁ energy density and excellent with—stahd voltage

and charging/

10 discharging cycle properties, and especially a non-aqueous
electrolytic solution that can provide electric double layer
capacitors.

TECHNICAT, BACKGROUND
Up to the present, capacitors, particularly electric double
15 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 batteries, have been used widély as a low-power
direct-current power supply; In recent years, however, there

20 have been new portable electronic devices coming into being one
after another, such as VTR with a built-in cameré, cellular
phones and laptop computers. BAmid this trend, there has been
a growing demand that those electric double layer capacitors
used as a backup power supply and a supplement or alternative

25 to secondary batteries should have higher enerqgy density.

These electric double layer capacitors, unlike batteries,



25 to secondary batteries should have hi gher energy density. These
electric double layer capacitors, unlike batteries,- : -t

2 do- not convert a chem cal change into electric energy. They

utilize a large capacity of the electric double |ayer that occur

between the el ectrodes and the electrolytic solution to put in and out
an electric charge in the sane manner as the charge and 5 di scharge of
batteries. Such electric double |ayer capacitors ‘are nmade up of two

el ectrodes, a separator and normally a 20rrosi on-resi st ant

el ectrolytic solution. The two el ectrodes forned froma materi al

havi ng a | arge sdofrate conert a clsemicas changealwcb czlidabrigndnargyy ndaheguch
as fluororesins are 10 so arranged that they face each other via a porous
separ at or matikl ife pdlangesapacity of thewlegtrigdoubde l1ayex phat desuxeen
these el ectrodes_and the porous separator and the inside of the por ous
separator are fibetween the M@C&Mﬂ &hedelectradiydide: splytion pupypin

15 As the electrolytic _solution for such electric double_ la

capaci tors, aqueBlS- % 3R iFRBEdeChARES LBIYRS EALB MR GHsag the ¢harge and _
orBan o201 VoIt hag S SeRAS 080! A ELLPL OGNS 1ayer BRI  ©
ohdon or oract rSrRRRE o B le180crdidd | A lphlalhl il R¥RANG Y @
' ‘corrosion-resistant electrolytid solution. The two
electrodes formed from a material having a léi:ge surfacé area
such as activated carbon and a binder such as fluororesins are

10 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 aforementioned
electrolytic solution.

15 As the electrolytic solution for such electric double layer
capacitors, aqueous-solution-based electrolytic solutions and
organic-solvent-based electrolytic solutions (non-agqueous
electrolytic éolutions) are used. However, aqueous-
solution-based electrolytic solutions had the problem of being

20 difficult to obtain low potential window of electrochemical
stability(approx. 1.2 V) and high-energy-density electric
double layer capacitors from them.

By contrast, compared with aqueous-solution-~based
electrolytic solutions, organic-solvent-based electrolytic

25 solutions (non-agqueous electrolytic solutions) show high

potential window of electrochemical stability and therefore



stability(approx. 1.2 V) and high-energy-density electric doubl e | ayer
‘capacitors fromthem~ By contrast, -conpared with ‘

aqueous- sol uti on-based el ectrol ytic solutions, organic-solvent-based
electrolytic 25 solutions (non-aqueous electrolytic solutions) show high
potential- wi ndow of el ectrochem cal stability and therefore

3 make the formation of high-energy-density capacitors possible.
Because of this, the electric double |ayer capacitors using
non- aqueous el ectrolytic solutions are begigning to cone into use

rapidly as a backup power supply for el ectronic equipnent 5 for
non-mlitary usemake the forhation bfrivigia@nergy-densitylppacitorspossibla.

m xture of a non- aqueous sol vent such as cyclic carbonic ester having
exhi biting a hi eactiusecoifr thisprcherelentdiendohibter bayer capalcitors msing
tetraet hyl ammoni um tetrafl uoroborate, for exanple, is used. 10

However, such elmfagupous eteckiadytis seltionsiagpdwroinping to gome into
probl em of releasing a,large anpunt of gas due to the decar boxyl ati on
deconposi ti on oflSh&apdAl¥ms & barkp power; grpRly fercelget Nt eapipuents
cyclic carbonic gster as.the. sol vent and consequently being unable to
provi de |onglif r:ﬂ?nﬂE&BéEPF%rgseFﬂrthernDre, when future capacitors have

high . - energy dgpsijsy n%ﬂ‘ijaaw&&é"‘éitéc‘%!}%iy%k@Cééﬂléitoin% S8 A% of a
B 'nOn;aqueoﬁs solvent such as cyclic carbonic ester having
exhibiting a high dieléctric constant and an eleétrolyte such
as tetraethylammonium fetrafluoroborate, for- example, is used.
10 However, such electrolytic solution as mentiohed above has
had the problem of releasing a large amount of gas due to the
decarboxylation decomposition of the solvent at high
temperature.due to their use of cyclic carbonic ester as the
solvent and consequently being unable to provide long-life
15 capacitorsf Furthermore, when future capacitors have high
energy density, the aforementioned electrolytic solutions
might be insufficient in potential window of electrochemical
stability. Because of this, it has been hoped that a non-
aqueous electrolyte having better charging/discharging cycle
20 properties will come into existence.
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
25 electrolytic solutions for capacitors which release little gas

and have excellent potential window of electrochemical



m ght be insufficient in potential w ndow of el ectrochenical

‘stability. Because of this, it has been hoped that a non- agueous

el ectrol yte having better charging/discharging cycle 20 properties wll
come into existence. SUMVARY The inventors of the present

I nvention sought a solution to the problens of the conventional
technol ogy as descri bed above. The present invention is intended to
provi de non-aqueous 25 electrolytic solutions for capacitors which
release little gas and have excellent potential w ndow of

el ectrochem cal _ 4

stability, and stabititppoamd @mable bapacttexs [tenthave excellent

char gi ng/ di schargi ng cycle properties and safety performance. Thi s
invention is al shargirgfidischanging cgclmpropenties and safety penfosumive.
non-aqueous el ectrolytic solutions. 5 The non-aqueous el ectrolytic
sol ution for caphdstspvenpion is wlsehinhended s providet capacittexes
conprises an sol vent  for el ectrolytic solution containing a phosphoric
est er r epr E9BRRERLRG §uch MOM-3ARREUE RIRAEALYLign§OAREEPRR r Ol yt €:

err : . . .
[ l 5 The non-aqueous electrolytic solution for capacitors to

which the present invention relates comprises an solvent for:
elecfrolytic solution'containing'a phoéphoric ester

represented by the following formula (I) and an elecfrolyteé

f

—~ \"OR
or \ , (1)
Lo OR

(wherein, R', R? and R?, which may be the s.ame or different, are

an alkyl group, an unsaturated hydrocarbon group or an aryl

group.) |

The capacitors to which the present invention relates use the
15 non-aqueous electrolytic solution for capacitors as described

above.

The non-aqueous electrolytic solution for capacitors. to
which the present invention relates releases little gas and
shows high potential window of electrochemical stability and

20 excellent safety performance and charging/discharging cycle
properties.

Especially, the use of the non-aqueous electrolytic solution
for capacitors to which the present invention relates in the

formation of capacitors enables the obtaining of capacitors



10° (wherein, Rerr], Rerr] and Rlerr], which my be the same or
“different, are’ an al kyl group, an unsaturated hydrocarbon group or an
aryl ~ o group.) The capacitors to which the present invention
relates use the 15 non-aqueous electrolytic solution for capacitors as
descri bed "~ above. The non-aqueous el ectrol yti.c solution for
capacitors to whi ch the present invention relates releases |little gas
and shows hi gh potential w ndow of electrochem cal stability and 20
excel l ent safety performance and chargi ng/ dd schargi ng cycle

properties. Especially, the use of the non-aqueous el ectrol ytic

sol uti on f whichpgenexate thighhvohtage, prekeafe Likédei gasrandtahown t he
formati on of capacitors enables the obtaining of capacitors

5 whi ch geg¥rallent grhaxging/dischbpreging §¥qlie RyePerhdes @ld energy

excel l ent chargi ng/ di schargi ng cyclée pr rtjes d ene .. density.

Thi sef f ect mani f 9€RELFEe| ﬁ?&ﬁwgﬁﬁ%&%&%ml?m&%@%?s&ﬁﬁm@gn
solution is used.in electric doubl.e. l.ayvec aci,t . I

DESCRI PTI ON OF %HE A solption, ig sésaeér;e sﬁ&&%%\%%cv?%l\}vbf% fJ"‘;{er’iati ng

fhe structurg oEapacitapgocapacitor el ement of a wound-type el ectric double
ayer :

Fig. 1 is'a perspective éiew illustrating the structure of
the capacitor element of a wound-type electric double layer
éapacitor of the present invention. |

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

DETAILED DESCRIPTION

Given below is a specific description of the non-aqueous

15 electrdlyticsolutionsandcapacitorsofthepresentinvention.
Non-aqueous electrolytic solution for capacitors:

The non-aqueous electrolytic solution for capacitors to
which the present inveﬁtion relates comprises an solvent
containing a phosphoric ester represented by the following

20 formula (I) and an electrolyte.

Phosphoric ester:
First, a description of the phosphoric ester represented by

the following formula (I) is as follows:



capacitor of the present ‘invention. 10 Fig. 2 is a perspective view
I.llustrating the state of the af orenenti oned capacitor el enment being
inserted into the netal case as a part integral with the sealing part.
DETAI LED DESCRI PTI ON G ven below is a specific description of the
.non-aqueous 15 electrolytic solutions and capacitors of the present

I nventi on. Non- aqueous el ectrol ytic solution for capacitors:

The non-aqueous el ectrolytic solution for capacitors to whi ch t he
present invention relates conprises an sol vent contai ning a phosphoric
ester represented by the followmg 20 formula (I) and an el ectrol yte.
Phosphoric ester: First,]] a description of the phosphoric ester
represented by the foll ow fornulagél) is as foll ows:

6 [err] In the a~¢ err], rr] and R err], which
may be the sane or chéji;?;nt argbg% al kyl g&gﬁp, an unsat ur at ed
hydr ocar bon group OR2

In the formula (I), R', R’ and R’, which may be the same or
different, are an alkyl grbup ¢ an unéatu_ratéd hydrbqarbon group
5 or an afyl gréup. |
The alkyl group may be preferably tﬁe group havipg 1 to 4
carbon atoms. Examples of the alkyl group include methyl group,
ethyl gfoup, n-propyl group, i-propyl group, n-butyl group,
i-butyl group, sec-butyl group and t~-butyl group.

10 The unsaturated hydrocarbon group may be preferably the group
having 2 to 4 carbon atoms. Examples of the unsaturated
hydrocarbon group include vinyl group, allyl group and
isopropenyl group. |
The aryl group may be the group having 6 to 12 carbon atoms.

15 Examples of the aryl group include phenyl group,.benzyl groﬁp,
naphthyl group and biphenyl group.

In the aforementioned formula (I) in the present invention,
R' to R}, which may be the same or different, are preferably
the aforementioned alkyl or unsaturated _hydrocarbon group, and

20 R' to R’ are each independently more preferably the same and
are selected preferably from among methyl group(~-CH,,, ethyl
group(-C,H;, and allyl group(-CH,-CH=CH,,.

Specific examples of suéh phosi)horic ester include trimethyl

phosphate, triethyl phosphate, diethylmethyl phosphate,



5 or an aryl group. The al kyl group may be preferably the group

‘having 1 to 4 carbon atons. Exanpl es of “the al kyl group include nethyl
group, et hyl group, n-propyl group, i-propyl group, n-butyl group,

| -butyl group, sec-butyl group and t-butyl group. 10 . The unsaturated
hydr ocar bon group may be preferably the group having 2 to 4 carbon
atons. Exanpl es of the unsaturated hydr ocar bon group i ncl ude vi nyl
group, allyl group and I sopropenyl group. The aryl group may be
the group having 6 to 12 carbon atons. 15 Exanples of the aryl group

I ncl ude phenyl group, benzyl group, napht hyl group and bi phenyl group.

I'n the af or enenethykdimethyll pholsphatet hbrjipxopyl phosphaten, tributyl err] to
Rlerr], which mag be the sane or different, are preferabléy t he :
af orementioned B R?Ph@#eLnﬁ#%ﬁﬁliﬂeEhﬁyﬁhéﬁgrQnﬁ1%ilﬂdﬂlm&ﬁ 12nh$qh§hq to
Rlerr] are each independently nore preferably the sane and

‘sel ected pref er ablip AhePERBARL nEAYEAtioN FhE- epppeynd r?ﬁ‘ﬁ%ﬁented bY the

Seanpl os. of suchphERBRoIned EamaiR | Ehosty b mrArerabty Fetmathd

TS, et TSN, SRR ot it s, o
phosphate, triakhyks RROtRBeESHREE @) Wrdl PRERUaPIV RIY Same and selected

from among -CI_I,',_ -C,H, and ~CH,~CH=CH,.
Such phosphoric ester represented by the aforementioned
formula (I) shows excellent acid resistance, is not oxidated
10 whenailowedtostandintheatmbsphere,andischemicallystable
without reacting with water under normal storage conditions or
reacting with highly reactive substances such as metal lithium.
Furthermore, such phosphoric ester has the properties of being
physically safe, being not readily decomposed thermally and
15 being flame-retardant and resistant to electrochemical
oxidation or reduction.
Solvent for electrolytic solution:
In the present invention, solvents containing the
aforementioned phosphoric ester are used as the solvent for
20 electrolytic solution. Suchsolvent maybe at lease one solvent
of the aforementioned phosphoric ester or a mixed solvent with
another solvent.
Exémples of such another solvent include cyclic carbonic
esters such as ethylene carbonate (1,3-dioxolane-2-one),
25 propylene carbonate (4-methyl-1,3-dioxolane-2-one), butylene

carbonate (4,5-dimethyl-1,3-dioxolane-2-one) and vinylene



I n-the present invention the conpound represented by the

-aforenentioned formula (1) may be preferably trinethyl 5 phosphate,
‘triet-hyl phosphate and triallyl phosphate, where R err] to Rerr] in
the formula(l) are preferably the sane and sel ected from anong

-CH err], -Cerr]Herr] and -CHerr]-CHerr]=CHerr]. Such
phosphoric ester represented by the aforenentioned formula (1) shows
excel lent acid resistance, is not oxidated 10 when all owed to stand in
t he atnosphere, and ischem callystable gW t hout reacting with water
under normal storage conditions or reacting with highly reactive
subst ances such cesxrbonantk;| chdinmarbonicFestdérss much, asutimetihydpcarbonateer
has the properties of belng physically safe, being not readily
deconposed t her megthylgthyl1gapkonate siethylaeazbenatr, methyilpropyd

el ectrochem cal oxi dati.on or_reductiagn . Solvent for electrolytic

O i oned phony "55.9 ﬁ?ﬁfwt?’mm TSRSy Crpkis APRGTBIRACH 22
SRR onimp s piaedbeiicg o il
Solvent. 05 Rl cEofg! cindin, bles® eifheRe ndltivh ForpafRe’ BEb,

%J]iﬂa‘% @3] g%g% 3 g)@h% dg%sta 05;1@9,,1 ggetﬂ&,pmgsﬂﬁ

carbonate (4-ne ene onat e
(4,5-dinethyl -1 [?rdiil%ﬁltén%&‘lﬁ‘leﬂu%ﬁé Bi8 4Ryl valerate; cycl:.c ethers

such as 1,4-dioxane, 1 3-d10xolane, tetrahydrofurane, 2-
methyl—tetrahydrofurane, 3-methyl-1,3~dioxolane, and 2-

10 methyl-1 3-dJ.oxolane, chain ethers suchas 1, 2-d1methoxyethene,
1,2—d1ethoxyethene, diethylether, dimethylether,
methylethylether and dipropylether; and sulfur-containing
compounds such as sulfolane.

Further, as cyclic carbonic ester, the cyclic carbonic ester

15 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 '
monofluoromethylethylene carbonate, difluoromethylethylene_

20 carbonate and trifluoromethylethylene carbonate. Out of these
solvents, cyclic carbonic ester is preferable.

These solvents may be used singly or in combination with one
or not less than two of them.
In the present invention, if a mixed solvent of a phosphoric

25 ester represented by Formula (I) and another solvent is used

for the solvent for electrolytic solution, a mixture of a



8 - carbonate; chain carbonic esters such as dinethyl carbonate,

> met hyl et hyl carbonate, diethyl carbonate, nethyl propyl car bonat e and
‘nmet hyl i sopropyl carbonate; cyclic esters such as y-but yrol act one,
3-nmet hyl -y-butyrol actone and 2-nmethyl-y- 5 butyrol actone; .chain esters
such as nethyl formate, ethyl "formate, nethyl acetate, ethyl acetate,
propyl acetate, nethyl propi onate, nethyl butyrate and nethyl '
val erate; cyclic ethers such as 1, 4-di oxane, 1, 3-di oxol ane,
t et rahydr of urane, 2- met hyl -t et r ahydr o§ ur ane, 3-net hyl -1, 3- di oxol ane,

and 2- 10 nethyl-1, 3-dioxol ane; chai net herssuchasl, 2-di net hoxyet hene,

1, 2- di et hoxyet hphesphoeidiyésttere repiiesenhgd ebnefqgrmula (I3t apded hgyetirer and
di propyl ether; and sul fur-containing conmpounds such as sul f ol ane.
Further, as cyclarbonibesterdstprefanableyc| The phosphnricester represented

t he hal ogen atom substituted al kyl group described in Japanese.

Lai d- open Pat enbyPEorhala i Gh HEl contabued gy speh selvent f@neiﬁﬁFF?%ﬁtJ&

t he af orementioned cyclic carbanic esters given ag _exappl es | es
of such cyclic €9AB&APR REESTah]y J@ethe agﬂ%‘bf%d}"&nérﬁﬁﬁl ﬁ9|%ngx‘?t@'
carbonate, difluoronethylethyl epe cal bonate

trifluorometfyl &sWFéﬁEXXaor%’oﬂgge?° i%ﬂt“"fa)#' taﬁgégs%%qle §8F$_%n"‘{“§°,“n§y8ﬁ%h‘?
carboni ¢ ester is;prefe I PP vents nmay be used singly or
i n conbi nation ﬁP} egﬁekgp gi%ﬁtﬁﬂ%Y 1§Sg8?ﬁ§% wo of them ~In the

pr esent inventi%ﬂécEFO L,xed solvent of a phosphoric 25 ester _
represented by Fornu ai¥F% and anot her . sol vent is used for the sol vent

for electrolytic sghedifit exathplel’ 6f0hé electrolyte contained in the
| non—aquéous eie_ctrolytic-solution .fc.':r capacitors to which thé

10 present invention relates include ammonium salts such as
tetrabutylammonium tetrafluoroborate ((CH,)NBF.),-
tetraethylammonium tetrafluoroborate ((C.H;)/NBF,),
triethyl-monomethylammonium tetrafluoroborate
( (C,H¢):(CH,)NBF,), tetrabutylammonium hexéfl_uorophosp_hate

15 ((CH,)/NPF;), tetraethylammonium hexafluorophosphate
((C,H;) ,NPF) and triethyl moonomethylammonium
hexafluorophosphate ({(C,Hs);(CH,;)NPF,); phosphonium salts -such
as tetrabutylphosphonium tetrafluoroborate ((C‘H,) PBF),
tetraethylphosphonium tetrafluoroborate ((C,H;)PBF,),

20 tetrabutylphosphonium tetrafluorophosphate ((CH,)PPF;) and
tetraethylphosphonium tetrafluorophosphate ((C,H¢) PPFs); and
the electrolytes u.sed normally for the electrolytic solutions
for electric double layer capacitors, such as the electrolyte
described in the International Publication W095/15572

25 Publ.ication_.

out of these, (C,H,),NBF,, (C,H¢)NBF, and (C,H,),(CH,)NBF, are



9 - _phosphoric ester represented by Formul.a (1) and a cyclic

" carbonic ester is preferable. The phosphoric ester represented by
Formula (1) is contained in such solvent for electrolytic ~ solution
preferably in the anpbunt of not less than 0.1 wt% 5 especially 0.5 wt%
to 100 wt % against the total amount of the sol'vent for electrolytic
sol uti on. - Electrolyte: Speci fic exanples of the electrolyte
contained in the non- aqueous el ectrolytic solution for capacitors to
which the 10 present invention relates imgclude anmoni.um salts such as
tetrabutyl amoni umtetrafl uoroborate ((CJerr]Herr])[err] NBF,),

tetraet hyl ammoipreperablgf tsedoborate ((C(err]Herr])[err] NBF[err]),
triethyl - mononet hyl ammoni um t et raf | uor oborat e .

((derr]H err])[ eThé (1-erxqueoNBFelect rolytia wmhunfhbkafmw%osphat e
15 ((Cerr]Herr)[err]NPF[err]), tetraethyl anmmoni um hexaf | uorophosphat e
(( err] H err] )insentipn] éﬁr??t%imﬁd rhYeldH—?ISO%ﬁém@rfﬁ%ﬁ

h fl h h

AEE i e
tetrabutyl pR thneor Thg PLSE h T F
ang - fe?fmwp etg L 9p§°§p fiﬁ efjer'égrg{% SLE]H]
PPF[err]); and ?&?&6‘[&% euse& nor na??y Tor tlh ]é‘Tectlro yti C.

solutions — ndiplleBib! bfedPrblftd 265 copdestspEs. such as the

el ectrol yte
Since the non-agueous electrolytzl.c solut:.on for electric

double layer capac:.tors to which the present 1nvent10n relates
10 contains the phosphoric ester represented by the Formula (I),
it releases little gas and shows high with-stand voltage an&.
excellent charging/discharging cycle properties. Moreover,
the non-aqueous electrolytic solution of the present invention
shows a high flash point and excellent safety performance
15 compared with such conventional solvents used for electrolytic
solutions as 1',3—di_oxolane, tetrahydrofuran and 1,2-
diethoxyethene. Further, the use of (C,H;),(CH;)NBF, enables
high electric conductivity to be obtained.
Because of this, the use of he non-aqueous electrolytic
20 solution for.electric double layer capacitors to which the
present invention relates enables the obtaining of electric
double layer capacitors which release little gas and show high
with-stand voltage and excellent charging/discharging cycle
properties.
25 Capacitors:

The electric double layer capacitors are made up of two



described in the International Publicati on WX5/15572. 25 Publication.
* Qut of these, ((err]Herr])[err]NBFferr], ((err]Herr])[err]NBFerr] .and
(Clerr]lHerr])[err]{(CH err])NBF[err] are

10 preferably used. The non- aqueous electrolytlc sol ution of
t he present ~invention is obtained by di ssolving the aforenentioned
el ectrolyte in the aforenentioned solvent for electrolytic 5 solution.
The electrolyte is contained in an anmount of normally 0.1to 3
mol/liter, preferably 0.5 to 1.5 nol/liter 1an such non- aqueous
electrolyte for capacitors. Si nce the non-aqueous electrolytic

sol ution for el etectrodes, almeparatayecand apamialdiys at connesion+xesiatantt
i nvention relates 10 contains the phosphoric ester represented by the
‘Formula (1), elettrolytigeaolutione dehe 4w ehsegtrodem famed £XoRm Rol t age

and excel l ent char g/ di scharging cycle propertles ‘Myr eover,

L he non- aqueousméFEE%?bqgﬁ‘ﬁl@gsél:Litli‘.{?n SBELaGe 3HessEHEh ﬁﬁ/éﬁ‘f"llHﬁted ca’%t?ﬂﬂ/vs a
i gh flash point and excellent saf ormance uch

conventional soPPgf B1pder spgh as Ei'ﬂ‘g’é‘?’iﬁqlé’s are sgo"f‘{ﬁar’fﬂ%aé ace

13 0wl ane, Lol AN o Zseparacdl SHER Bﬁ%ﬁ@‘f&“@ e e
conducti vity t Ogt r%ﬁpéﬁf@tﬁa and the s%%@:@uﬁ@tvpéerf lﬂhésetéfed{ﬁ%dég BR4a the

non- aqueous el e
porous separator and the inside of the porous separator are

fllled with the electrolytlc solutlon.
As the electrodes, electrodes formed from a material having

10 a large surface area such as activated carbon and a binder such
as fluororesins'ére 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,

15 polyacrylonitrile-based and coconut-shell-based activated
carbons. Normally, activated carbons having a specific surface
area of not less than 1,000 m*/g are preferable. Further, as
examples of the method for activating carbon, the steam
activation and alkali activation methods can be cited.

20 As examples of the binder, carboxymethylcellulose,
polyvinylidene chloride, polyvinyl pyrrolidone, polyimide,
polyvinyl alcohol and polyacrylic acid. Fﬁrther,acombination
of the aforementioned electrode material (active material) and
a collector is normally used preferably for the electrodes.

25 As the collector, aluminum foil, for example, is used

preferably.



20 solution for electric double |ayer capacitors to which the pr esent

“invention relates enables the obtaining of el ectric doubl e | ayer
capacitors which release little gas and show hi gh wi t h-stand vol t age
and excel |l ent chargi ng/ di schargi ng cycle properties. 25 Capacitors:

The el ectric double |layer capacitors are nade up of two

el ectrodes, a separator and normally a corrosion-resistant ,

el ectrolytic solution. The two el ectrodes fornmed froma . materi al
having a | arge surface area such as activat¥d carbon and a bi nder such
as fluororesins are so arranged that they face 5 each other viag_a porous
separator nade of Mlgr(ﬁﬂw-'labgé examples 98| {he HRRAEAEOranRRXORS SId8¢ BadGeen

Separat or are. £rom PPIEGCUYLING (RF SUGBROPYLFRS CHHOPLted: * As {he
area such as acti VATYAR BRIGHN A Eh SAIGFLaNCTY o SBegdiic ri R HFE°
Lo P! &Y evggtpie gbRET B RBIE R hiad ol i gserbon 1o
et oo B o B 23R4 o A o e Wi 1
' structure of the capacitor element of a wound-type electric
double 1'aye',r'_ca'pécitor of the Examples 1 and 2"a'nd Comparative
Example of the-breSQnt invention ahd the state of the
aforémeﬂtidnéd .capacitor':element being inserted into th-e metal
10 case as a part integral with the sealing part. In the Fig; 1
and Fig 2, 1 represents a capacitor element, and this Capacitor
Element 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 cathode side to which Cathode
15 SidelLeadWire 4 is connected, with Separator 6 placed in-;between'.
Sealing Part 7, made of rqbber, 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 soluﬁion, is put in Metal Case 8 made
20 of aluminum in a bottomed cylindrical fdrm. 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 side squeezing and curling. As a result, Sealing Part 7 is

25 caused to fit into the opening of Metal Case 8.

In the foregoing, an explanation is given of an electric



. carbons. Normally, activated carbons having a specific surface area

.of not less than 1,000 nferr]/g are preferable. Further, as . exanpl es
of the method for activating carbon, the steam activation and al kal
activation nmethods can be cited. 20 As exanpl es of the binder,

car boxynet hyl cel | ul ose, pol yvi nyl i dene chl ori de, pol yvinyl
pyrrolidone,  polyimde, pol yvi nyl al cohol and pol yacrylic acid.
Further, a conbi nation of the aforenentioned el ectrode materi al
“(active material) and - a collector is Armally used preferably for t he
el ectrodes. 25 A%_the collegtor, alumnumfoil, for exanple, is used
preferably. double layer capac1tor 'of the wound type. Hoyever, the‘ggme

Dol yet vl ane. o SHEGIH Fa L DAt TeveRs Y teing £Re G108Hratybi¢ MLprion
capact torer usidh U, afﬁ%né*aﬁﬁ@nﬂ%iﬁ.o&hef eREtHHe Gihe navet
illustrations i%&ygc J&eé‘gl‘jﬁ‘g %réﬁdﬁﬁz‘g d&?@eﬁ?ﬂ?%f%{( ‘gﬂ TR t?lfe a

wound-type ele ayer capacitor o fies™1™2Rd 2 and
Conparatives wodndype QlebBeil! §s@ite iTAYRRM LaPadlELE hesu%tﬁta% %fhet he
af orenenti oned capacitor elenment being insérted |nto the et al case as

a part integr a|e]l&dﬁrit&laoﬁﬁaéll‘eqie¥iabhﬁaci€bﬁ I thé -colin typeadlébd?r!ibéa ih
represents a capacitor elenment, and this Capacitor
- the Japanese Published Patent HEI 3-51284 Publication and the
elec_tr:l.c double layer capacitor of the laminated type described
in the Japanesé Laid-open Patent HEI 8-78291 Publication.
10 EXAMPLES
' In the following ekamples are described several preferred
embodiments to illustrate the present invention. However, it
is to be understood that the present invention is not intended
to be limited to the specific embodiments.
15 Example 1:

25 milliliters of non-aqueous electrolytic solution were
prepared by dissolving 2.71 g (0.0125 mol) of
tetrafluoroborate-4-ethylammonium ((C,H;),/NBF,) in trimethyl
phosphate (electrolyte concentration: 0.5 mol/liter). The

20 potential window of electrochemical stability of the
electrolytic solution thus obtained was determined.

A wound-type electric double layer capacitor with a rated
capacity 6f 2.3V30F (18 mm in diameter x 40 mm'in length) as
shown in Fig. 1 was prepared by using the non-aqueous

25 electrolytic solution obtained as described above as the

electrolytic solution and an aluminum foil, that its surface



Elerent 1 is fornmed by wi nding Pol ari zabl e El ectrode 3 on the anode

'side to which- Anode Side Lead Wre 2 is connected and Pol ari zabl e

El ectrode 5 on the cathode side to which cathode 15 Side Lead Wre 4 is
connected, with Separator 6 placed in-between. - ~ Sealing Part 7, nade of
rubber, is-attached to the Anode Site Lead Wre 2 and Cathode Site
Lead Wre 4 of Capacitor El enent 1. Further, Capacitor Elenent 1,
previously inpregnated with a driving electrolytic solution, is put in
Metal Case 8 nade 20 of alumnumin a bottonmed cylindrical form As a
resul t of Capacitor El ement 1 being housed in Metal Case 8, Sealing
Part 7 i s |ligczonghgpedhcoyad withra gdaarycin aaterand 2 mixadepewder

of Metal Case 8 is seal ed bﬁ' subj e¢ting . the case to the processing of
si de squeezi ng Hd<eEPPRRhPheld gorivated carhoppewsisy, acetylene blackjapg

Iai(tpl ;22? i E)Eei gpgqnaifgﬁﬁnegﬁgfz%:gﬁﬁf%gé and dried a{sntltlg %oflg.;:gggiafg ’elaerc]:trode,
cifect can al so i AAaguah Fardick HRdsCHRth b RAprdBARNE a5 HOE 2BRarpr, |
O ruotur e d 1 oo P ey ASpEabE g fnd R Cud) Conduotad T L kduRa e
capacitor, such aéredtic doub®bEliyée dhpadli®okayer capacitor of the coin
type described in the Japanese-Published Patent HEl 3-51284
Publi'cati on and t hgn this patent application, the evaluation of the potential
window of electrochemical stability of the eieétrolytic
solution and the charging/discharging test were conducted as
10 described below.
The results are shown in Table i.
Potential window of electrochemical stabiiity :
The aforementioned electrolytic solption was; put in a
three-pole with-stand voltage determination cell using a glassy
15 carbon electrode for the work electrode and the counfer
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
20 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

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

and then discharging the capacitor to a final discharging



el ectric double |layer capacitor of the |amnated type described in the
Japanese Lai d-open Patent HElI 8-78291 Publication. 10 EXAMPLES - I n
the follow ng exanpl-es are described several preferred enbodi ments to
illustrate the present invention. However, it is to be understood that
t he present invention is not intended to be limted to the specific
enbodi nents. 15 Exanpleée 1. - 25 mlliliters of non-aqueous

el ectrolytic solution were prepared by dissolving 2.71 g (0.0125 nol)
of tetrafl uoroborate-4-ethyl ammoni um ({Clerr]Herr])[err] NBFferr]) in
trimet hyl . phosphate (electrolyte concentration: 0.5 nol/liter). The

20 potential wiwleugelf ofl BB aehgd isthatrigihyl tdyrétit bFe3a was detetnPhydi C
sol ution thus obtai ned was det er m ned. A wound-type el ectric double

| ayer capacitor tu bk ene eyelle. Undeapthésey cond2tIVRO| thBamvunt off ehmhge X
40 mmin length) as shown in Fig. 1 was prepared by using the

non- aqueous 25 iretkethedlghtiaf thé nound-bipeieledtadcdimihlienbayabhoapaaitohe
el ectrolytic solution and an alumnumfoil, that its surface '

14 i s roughditer, 180808dcyrles &as detprminedi er of a ni xed powder

of coconut shell_acti.vated carbon powder, acetylene black and

car boxynet hypcelqm &lﬁd dried as the polarizable el ectrode,

25 milliliters of non-aqueous electrolytic solutiqn were
érepaféd by disso]_.‘izi_ng 2.71 g (0.0125 mol) of tetrafluofobdréte
_tetraéthjrlanimonixim ( (C,H;) NBF,) in a mixed solvent obtained'by
mixing .triﬁlethyl. phosphate and propylené carbonate at a ratio

10 by'weighﬁ of 1:1 (electrolyte concentration: 0.5 mol/liter).
fhe potenﬁial window of electrochemical stability of the
electrolytic sélution thus obtained was determined in the same
manner as described in Example 1.

- A wound-type electric double layer capacitor with a rated

15 capacity of 2.3V30F (18 mm in diameter x 40 mm in length) was
prepared by using the non-aqueous electroiytic solution
obtained as.described in Example 2 in the same.manner as

"described in Example 1. A charging/discharging test was
conducted on the wound-type electric double layer capacitor.

20 The results are shown in Table 1.

Example 3:

25 milliliters of non-aqueous electrolytic solution were
prepared by dissolving 2.71 g (0.0125 mol) of tetrafluoroborate
tetraethylammonium ({C,H;) NBF,) in triallyl phosphate. The

25 potential window of electrochemical stability of the

electrolytic solution thus obtained was determined in the same



and a nonwoven fabrics made from pol ypropyl ene as the separat or. 5 A

char gi ng/ di schargi ng test was conducted on the wound-type electric
doubl e | ayer capacitor. In this patent application, the evaluation,
of the potenti al wi ndow of el ectrochem cal stability of the

el ectrolytic sol ution and the-chargi ng/di scharging test were conducted
as 10 described bel ow. The results are shown in Table 1.

Potential w ndow of el ectrochem cal stability : The af orenenti oned
el ectrolytic solution was put in a t hree- pol e with-stand vol tage

determ nation cell using a glassy 15 carbon electrode for the work -

el ectrode and t manem@sr descrikedcinr @kampleé dn Ag/ Ag+ el ectrode as the

ref erence el ectrode, and the electri.c potential was scanned at 10

nmv/ sec by use of A Woundyhyne P&gﬁtﬁhﬁd@q‘aﬂe WAYELt FRPAGIYQE wiitd ar sakedsed
as the reference, the ran I n_whi cgtnnot, | ess than 1 UA qof oxidation
20 reduction deCHRATE; 8h 2utRAR: (3BJRG ARaRehes ’?é@a%eﬁ‘ dength) was

'Flj'g:[stent ial wi ndow of eleeﬁg;)roch.em &Sﬁgs%g_g%l i té. CSA‘ﬁﬁEFgg; q'p%/ﬂqe‘%charghng
process of cgar U BB RACLRS" s Wb 08 aERBEANDY NOEhARB162T. o -5V

at a chargl ng curren an envi ronnent ‘t.hen

di scharging the &wlntg?ﬁlﬁehi‘r&iﬂ@ltég§%§rQbfi&ucted on the wound-type

. ‘electric double 1ayer capacitor.

The results are shown in Table 1.
Example 4: | |
10 25 milliliters of non-aqueous electrolytic solution were
prepared by dissolving 2.54 g (0.0125 mol) of tetrafluoroborate
triethyl-monomethylammonium ((C,H¢);(CH,;)NBF,) in triallyl
phosphate. The potential window of electrochemical stability
of the electrolytic solution thus obtained was deteérmined in
15 the same manner as described in Example 1.‘

A wound-type electric double layer capacitor with a rated
capacity of 2.3V30F (18 mm in diameter x 40 mm in length) was
prepared by using the non-aqueous electrolytic solution thus
obtained in the same manner as described in Example 1. 2

20 charging/discharging test was conducted on the wound-type
electric double layer capacitor. |

The results are shown in Table 1.

Comparative Example 1:
An electrolytic solution was prepared in the same manner as
25 described in Example 1 except that propylene carbonate was used

in place of trimethyl phosphate in Example 1.



vol tage of 1.5V at a discharging current of 3A was determ ned to be
‘'one ‘cycle. Under these conditions, the ambunt of change =~ ~ in the height
of the wound-type electric double |ayer capaci t or ~ after 10,000 cycles
was determ ned. 5 Exanple 2: 25 mlliliters of non-aqueous

el ectrolytic solution were pr epar ed by dissolving 2.71 g (0.0125 nol)
of tetrafl uoroborate tetraethyl anmonium ((Cferr]J]H)[err]NBF[err]) in a
m xed sol vent obtai ned by “m xing trinmet{yyl phosphate and propyl ene
carbonate at a rati.o 10 by weight of 1:1 (electrolyte concentration: 0.5
ol /1iter). The peimiityde wiadeyiofdaled nageentspac Biadivithy aockatse
el ectrolytic solution thus obt-ained was determned in the sane manner
as described in apwditylof 2.3V30F Aldamndy dhemetertx 40 mmuin ddnajthy) was
capacitor with a rated 15 capacity of 2.3V30F (18 mmin diameter x 40 mm

in length) was pregamﬂabydlmgjﬁmgnoneaqm\mqeéeutrelgbm cdqamta.onothus on

obt ai ned as described in Exanple 2 in the same manner as . - described in
Exanple 1. A char@b@gmrisenatger@am%snanm as degeonthed o Fxampdendundh t ype
el ectric doubl e | ayer capacitor. - The results are shown in Table 1.

Exampl e 3: 5 ChaﬂWI/FiFFFP%F%lQﬂ Lest- &’G&eﬁﬁﬁd'é‘l”é%‘i R yilec weyndrEBRe wer e
pr epar ed, bydi ssol-vjn 125 nol) qf tetrafluoroborate
t et r aet hyl ammmoni ?‘%6["‘5 %]’af&?rf FEPFT) in triall'yl phosphate.
The 25 potenti al f..electr talllty of the’
; %@h@ %%u"lo i B&gﬁ ”%'Efta d

el ectrolytic-solutr nedlnthe sane

SOlvent Electrolyte potent.l.al w1ndow of| Amount of
S P electrochemical change in
stability height (mm)
(V vs Ag/Ag+)
Oxidation | Reduction
potential | potential
Example 1{Trimethyl |(C,Hs)NBF, 1.85 -2.95 0.7
phosphate : '
Example 2|Triethyl |(C,H;),NBF, 2.10 . =3.10 1.2
phosphate/
propylene
carbonate
(1/1) .
Example 3|Triallyl |(C,Hs)NBF, 4.10 -2.75 0.9
phosphate '
Example 4|Trimethyl |[(C,Hs);(CH;)NB 1.86 -2.95 0.7
phosphate |F, )
" {Comparat [Propylene |[(C,Hs) NBF, 1.75 -2.90 2.0
ive carbonate
Example 1

It can be seen from Table 1 that since Examples 1, 2, 3 and
10 4 show a significant potential difference between oxidation
potential and reduction potential compared with Comparative
Example 1, Examples 1, 2, 3 and 4 show high with-stand voltage.
Furthermore, it can also be seen that since the wound-type
electric double layer capacitors using the electrolytic

15 solutions of Examples 1, 2, 3 and 4 show only a slight change



16 manner as described in Exanple 1. A MUnd-type electric

doubl e | ayer capacitor with a rated. capacity of 2.3V30F (18 mmin
dianmeter x 40 nmin |l ength) was prepared by using the non-aqueous

el ectrolytic solution thus 5 obtained in the sane manner as described in
Exanmple 1. A char gi ng/ di schargi ng test was conducted on the wound-type
el ectric double | ayer capacitor. The results are shown in Table 1
Exanmple 4: 10 25 mlliliters of non-aqueous el ectrolytic solution were

prepared by dissolving 2.54 g (0.0125 nol) ¢pf§ tetrafl uoroborate
triethyl-nmononet hyl anmonium ((Clerr]Herr])3(CH3)NBF[err]) in triallyl
phosphate. The ppi aeigRt awteé%@éhﬁ@fﬁgﬁﬁ%ﬁaeghngtt&tl d'&n}bared woth the

el ectrolytic solution thus obtained was determ ned In the sane manner

as described in Joulipitgpe electric dbmmdawlaecab&citmcs dfinige thayer
capacitor with a rated ~capacity of 2.3V30F (18 mmin dianeter x 40 nm
in length) was elecqméga:riecb'mujsinsgof Companatijoe Bxampledt,r thy uise abhkhei on
t hus obtained in the same manner as described in Exanple 1. A 20

char gi ng/ di schargfegtnodat igasobwhinie oEdtlm presenb uinrenion makespogsible.

doubl e | ayer capacitor. The results are .shown in Table 1.
Conpar ati ve Bxa nﬁﬂ% fgrmatlon of electr.xc double layer capacitors which release

l:l.ttle gas and show hJ.gh with-stand voltage ‘and excellent

charglng/dlscharg:mg cycle propert:.es.-

' In the foregoing, the electroly_t_lc solut_i.op'for cegﬁacitore

was explained by using electric double layer cepacitore as an
10 example. However, the present invention is by no means limited

by this, and the same effect can be achieved even in the case

of using the electrolytic solution fof aluminum electrolytic

capacitors.



An eI ectrolytic solution was prepared - in the same manner as 25 described

"in Exanple 1 except that propylene carbonate was usem
trimethyl phosphate in Exanple 1.

ety of 2" aer TRe ehectrie double ayer capact (] (YA ...

by using the non-aqueous electrolytlc sol ution thus obt ai ned 'i n*t he
same nmanner as described in Exanple-1. A 5 charging/discharging test was
conducted on the wound-type -electric double | ayer capacitor.

The results are shown in Table 1 : Table 1

Sol vent  El ect r eihpttewpotkaimais i ndow of Anpunt ~of

el ectrochem cal change in

stability Hsi gAt nomrdqueous electrolytz.c solution for capac:.torS(pr.ch :
Vs/ Aglerr] Oxi dati on. Reducti o

potential potenti al ComprE%]ﬂnes‘f{]W‘F%tfﬁyl e}egthalyic, $93¢tian HBPF%H‘}ng

1.85 -2.95
( ﬁ[ err]Herr])[err] RSF:{%"}#I one ph?sg@o gs}%represexirgi ggzr-l;:rﬂee%gﬂlowlng
phosphat e/

Exanple 3 Tr Pal | yl ff’&‘ﬁﬁ'?] ﬁﬂera}'ﬁ [aé\' Fjlﬁglgf }f?épozaag -2.75 (4 12). '9-

phosphat e Exanpl e4Tri net hyt rr]H err])[err](CH err])NB  1.86
-2.95 0.7 phospha e Flerr] Conpar at Propyl ene- .
(err]H err])4NBF4 1.75 ee} éﬁ I ve car bonat e
Exanple 1 -1t can be s n1fro Tabl hat si nc E))arrpl es 1, 2, 3.
and 10 4 show a signifi can enti Iﬂléf erence between oxidation" '

(wherein, -RY, R? and R*, which may be the same or different,
the alkyl group, unsaturated hydrocarbon group or aryl
group.) | |

10 2. A non-aqueous’ electrolytic solution for capacitors as
claimed in eiaim 1, wherein the R}, R and R® of the phosphoric
ester represented by the aforementioned Formula (I) are aﬁ
alkyl group having 1 to 4 carbon atoms, an unsaturated
hydrocarbon group having 2 to 4 carbon atoms or an aryl group

15 having 6 to 12 carbon atoms.

3. A non-agueous electrolytlc solution for capacitors as
claimed ip Ziauj 1, wherein the R!, R? and R’ of the phosphoric
ester represented by the aforementloned Formula (I) are
selected from among CH,, C,Hs and CH,-CH=CH,.

20 4. A non-aqueous electrolytic solution for capacitors as
claimed in any of Claims 1 through 3, wherein the solvent
for electrolytic solution is a mixed solvent of the

phosphoric ester represented by the aforementioned Formula

(I) and an cyclic carbonic ester.



potehtial and reduction potential compared w th Conparative Exanpl e 1,

Examples 1, 2, 3 and 4 show high with-stand voltage. ‘Furthernore, it
can al so be seen that since the wound-type - electri %
capacitors using the electrolytic 15 solutions of Exa 1, 2,

show only a slight change . Tﬂi{m 8
in height after the charging/.discharging test cqnpared !/ 4 ”’/”I'lnl!.”}
wound-type el ectric double | ayer capacitors using the el ectr 8l yti

sol utions of Conparative Exanple 1, the use2of the. el ectrolytic .

solution of the present invention nakes possible. 5 the formation of

el ectric doubl e Bayeh cappeitonusingithe nai-eapreous elddtirolytdascdmt ishdfor

hi gh with-stand vol tage and excel | ent char gi ng/ di schargi ng cycle
properties. capagitans @goicAgimedein|any ofl wladmgol uthoenglord .
capacitors was expl ai ned by using electric double |ayer capacitors as
an 10 exanpl e. SrovwB\vRapaiterppssahained di CadaimsS pwhereinakbe| ¢apagitor

by this, and the sang effect. can be achieved even in the case ~of using

the electrol ytic sol 4®i¥h I CtIigARERLE| LRY$IGARACILOr. capacitors.

5 7. Anelectricdouble Iayer capacitor comprising a pblarizable‘
elect’rodé on the anodé side, a-polériial;le electrode on the
cathodé‘ side, a s_epar'ator and an electrolytic solution,
characterized in that the polarizable eleét._fodes are
electrodes using_a_\ctiva;ted carbon powder as i:he. eiecfrode

10 material and the electrolytic solution is tht_a electrolytic
solution as claimed in any of Claims 1 through 4.

8. An electric double layer capacitér as claimed in Claim 7,
wherein the polarizable electrodes are the electrodes
obtained.bg coating onto a collector foil a mixed powder

15 of activated carbon powder to which aCe_tylene biack and

carboxymethylcellulose are added and drying it.



19 - \What we claimis: 1. A non-aqueous el ectrolytic solution for

“Capacitors which conpri ses an solvent for electrolytic solution
cont ai ni ng at | east one phosphoric ester represented by the
followng 5 formula (1) and an electrol yte:. [err]

(wherein, R .Rerr] and Rerr], which may bg the sane or different, :
t he al kyl group, unsaturated hydrocarbon gr &p or aryl group.) 10
2. A non-aqueous eEBECTBOLY¥TTICSBOLUTDON BORCGPRPACITOR AND CAPACITORI ai ned
in Caiml, wherein the Rerr] Rerr]Jand Rl err] of the phosphoric

ester represent egdpbypide af orenentioned Fornmula (1) are an al kyl
group having 1 to 4 carbon atons, an unsaturated hydr ocar bon group
having 2 to 4 car bgfn2aqieols éI'eé’tEMly&&Qﬂl%olﬁ’élons fé¥\dapaci top wRigRr bon
at ons. 3. A non-aqueous electrolytic solution for capacitors as
claimed in clai nrélesderBittlidgals] and] hav&] €xddldhtRpeteht Dal tditnddwathori c
ester represented by the aforenentioned Fornula (1) are sel ected
from anong CHj er electiechdniaalr ftabil i3y cand whiichredaidid eapjciixs o have
non- aqueous el ectrolytic solution for capacitors as : - clained in any
of Claims 1 thr oegﬁeélenmalamqudsscbmmg cycle prepetties randtsafety
solution is a m xed _sol vent of  the. phosphoric ester represented by

the af or ement i onBBTERFRIAGe, and caPaEFF°5§dF%HF4$ﬂéPBbsEﬁPb@%Pt??ﬂﬁQﬂs

j.electrolytlc solutions.
The non-agueous electrolytic solution for capacitors .
10 comprises an solvent containing a phosphoric ester represented

by the following formula (I) and an electrolyte:

Figure 1



20 5 A capacitor using the non- aqueous

electrolytlc sol ution. for

‘capaC|tors as claimed in any of Cains 1 through 4. 6. A capacitor as

clainmed in Claim5, wherein the capacitor

l'ayer capacitor, 5 7. An electric. dbdble |
pol ari zahl e . . el ed
on the cat hode s
characterized in that thg

electrolytic solufion is{ihe fElectrolytic

any of Clains 1 through 4 8. An electri
claimed in daim7, vher ei n the pofa
el ectrodes ) obt ai
powder 15 . of aCt.GEéc::_
car boxymet hyl cel | ul ose =

1

——8

is an electric double
ayer capacitor conprising a

rodg on the anode side, a polarizable el ectrode
de, |a separator and an electrolytic sol ution
pol gri zabI& el ectrodes are el ect rodes

g the"el ectrode 10 material and the

solution as clained in
c doubl e | ayer capacitor as
'6ab|e electrodes are the .
a m xed

'_'Fig.i



