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= 1 - TITLE OF THE | NVENTI ON- ELECTRI C .DOUBLE LAYER CAPACI TOR AND PROCESS
_ESR PRODUCI NG A POLARI ZATI ON ELECTRODE FOR THE ELECTRI C DOUBLE LAYER 5

PACI TOR BACKGROUND OF THE | NVENTI ON FI ELD OF THE

invention relates to. an electric double |ayer capacFﬁ%EQEEV|HgggeﬁéﬁFgﬁb
el ectrostatic capacitance 10 and a high working voltage, d a process f-or

producing a polarization electrode for t electrchatublbdﬂki capaC|tor
- DI SCUSSI ON OF BACKGROUND To nmke an el ectric double | ayer c citor snall
in 15 size and light in weight, it is necessary to increase the anmount of
storage energy per unit volunme of the capacitor (hereinafter referred to as
the energy density). The storagessware HE ;INVENEION, s proportional to.

the St o ot BeRErEIR PolAEF raYeR RabRRI O PRl R0t AR, P BB IRA: e
capac tance por® RTINS RehaRl SEn e BERCHEC SOORE TaveR . e

oper abl e a hi gh worki ng voltage. ZEAP geretofore in order to obtain
. an electr%% doubl e | ayer capacitor haV|nACITP rge el ectrostatic

capaci tance, it has been congg&xbgogﬁglgg %ﬁk'&ﬁbﬁﬁTﬁ@ﬁbon haV|ng a
FIELD OF THE INVENTION

The present invention relates to an electric double
layer capac1tor hav1ng a large electrostatlc capac1tance
10 and a hlgh worklng voltage, and a process for produ01ng a
| polafization'electrode'for the electric double layer
capac1tor.' | |

DISCUSSION OF BACKGROUND

| To make an electrlc double layer oapacitor emall in
15 size and light in weight;:it is necessary to increase the
-amount of_storage_energy per unit volume of the capacitof
' (hereinafter referred-to_as the.energy density); The
stotage'energy of a capaoitor is ofOportional to the’
electrostatio capacitance of the capacitor and is
20 -proportional to the squate of the applied voltage
-(WOrking voltage). Aocordinélyp.ih_order to increase the
energy densityfof a capaoitor, the electrostatic |
capacitance per unit volume may be increased, ahd_the
’ capacitor may be made operable'at a.high WOrking voltage.
”25 : Heretofore, in order to obtain an electric double
layer capacitor hav1ng a large electrostatlc capac1tanoe,

. it has been common to employ actlvated carbon having a'



-2- high specific surface area for the polarization electrode. As the
aetivated carbon having a high specific surface area, it has been common to
enpl oy activated carbon prepared by subjecting carbon naterial to
acti-vation treatnent by a steam activation nethod enpl oyi ng steamor by a
chemi cal activation nmethod enploying e.g.,zinc chloride. However, such
activated carbon is not adequate in the e?ectrostatlc capaC|tance density
per unit volume when made into a polarization electrode, and deterioration
in the perfor kg spreifimisurfiaes anea foythe Rokarizatdank.

Accordingly, it.is not suitable for a. prospectlve | i cation where a high
energy densit\ekectiQiR r eps Rt 3tad Rarke 3&?&“931?0@ i&tion No.

78513/ 1988 proposes_.an el ectric double |l aye aC|tor | oyi.,ng an organic
solvent type SRRATTSHEARFRATRN F BAD AP fhrd'S fic

pur e e, R N 43#%92%&%”"'%3@ S5 P B ™
Qgﬁrgéi (rjr:deTm%er %ea{c%na\}edn | on eI ectric d}oh%act CH':Iyer cé%gc?tegfl t
'since the Spe(‘énfﬂlcoﬁ%é G Bt Iy Va?rdhénﬁrélﬁ activation method
employing e.g. zinc chloride. Howevef, such activated
carbon is not adequate in the electrostatic capacitance
density per unit volume when made into a polarization
‘electrode, and deterioration in the performance upon
application of a high voltage is quick. AccorBingly, it
is not suitable for a prospective application.where a
high energy density is requlred.

Japanese Unexamined Patent Publlcatlon No. 78513/1988
proposes an electric double layer capacitor employing an
organic sol§ent type electrolyte and activated carbon
having a high specific surface area, prepared by
subjecting petroleum coke to'activation treatment by a
high temperature activation method employing molten
potassium hydroxide. This activated carbon is
advantageous in that the energy density can be made
higher than the conQentional electric double layer
capacitor, since the specific surface area is very 1a£ge;
However, its-working voltage is at best as low as 2.8 V,
and it is desired to improve the working voltage to
improve the energy densiﬁy.

SUMMARY OF THE INVENTION




However, its working voltage is at best as lowas 2.8 V, and it is desired
to.inprove the working voltage to i nprove the energy density. SUMVARY OF
THE | NVENTI ON -3- It is an object of the present invention to solve the
above problens in the prior art for electric double |ayer. capacitors and to
provide an electric double |ayer capacitor,which has a high working

vol tage, to which a higher voltage can be %dblied and whi ch has a high
energy density. The present. invention provides an electric double |ayer
capaci tor conpri si nkt alpamreoirtchrof| the rpersenty inventian digtsokegpadthe of
formng an electric double layer on the surface of the polarjzation .

el ectrode, wherahave mrohiens 4t itde @rQr &1t ko aferstdd qdionblesrlayer

activated carbon prepared by subjecting carban natergfl de fromat | east
one resin sel e@aRRGIIAES RGP & @dhfIFCtiih °'-’rtgsﬂq Y&Tur an resins

a0, Dol YA Y LA LS B NF P O Sditod S BN 00,
s an oroanic SAURY Joffadd W e/ dppliéd Wila ICPHRRY HIYPUdtyy
density. '

The present invention provides an electric double
layer capacitor comprising a polarization electrode and
an electrolyte capable of forming an electric double
layer on the surface of the polarization electrode,
‘wherein the polarization electrode is composed mainly of
an activated carbdn prepared by subjecting carbon
material made from at least one resin selected from the
group éonsisting of phenol resins, furan resins and
polyacrylonitrile resins, as the starting material, to an

. activating method employing potassium hydroxide in a
molten state, and the electrolyte is an organic solvent
type electrolyte.

Further, the present invention provides a process for
producing a polarization electrode for an electric double
layer capacitor, which comprises carbonizing at leaét one
resin selected from the group consisting of phenol
resins, furan resins, and polyacrylonitrile resins to'
form a carbon material, convérting the carbon material to
activated carbon by.an activation method in which the
carbon material is heated together with molten potassium

hydroxide at a temperature of from 600 to 1,000°C, adding



produci ng a pol ari zation el ectrode for an electric double |ayer capacitor,
whi:ch conpri ses carboni zing at |east one resin selected fromthe group
consi sting of phenol resins, furan resins, and polyacrylonitrile resins to
forma carbon material, converting the carbon material to activated carbon
by an activation nmethod in which the carbop material is heated together

w th nolten potassi um hydroxide at a tenpetature of from 600 to 1,000[err],
addi ng -4- a binder and an el ectroconductive nmaterial to a powder of the
activat ed car ben bhimdelst and anmmelleetsoconduicibivey make rialt toe at powdedr vdnt
col | ector. DETAILED DESCRI PTI ON. OF THE PREFERRED EMBCDI MENTS | n the

el ectric doubl éheapstivated carbon tige obtadane mixdEnEieon angde £iixdngd tagr bon
prepared by subjecting carbon material, _nmade froma certain specific resin
as the startin@ifdig® $o § cHrrgnt eodileGtO@Tresin sel ected from the group

consi sting of phenql_.I.& i ' sRgeTe VL ToT ML Ty S jns, to
an activating nmet hGHEEHptos : SN g LRI L E S L ﬁe i's
used for the polarigzat, I . IS - |V rhond g i y
heati ng the carbon ﬁrrgteel%neﬁ%'et%geﬁ 3oum% l%ﬁéésgag’%‘% :}o%édgzh%gtpgen%%%eéé

state, so thati%@%n&ﬂ%%ﬂ”d@@f?@ﬁ@diq%r%%hiﬁékiﬁrkﬁ by subjecting carbon

material made from a certain specific resin as the
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starting material, i.e. at least one resin selected from
the group consisting of phenol resins, furan resins and
polyacrylonitrile resins, to an activating method |
empléying potassium hydroxide in a molten state, is used
. for the polarization electrode.

This activated carbon is obtained by heating the
carbonjmaterial together with potassium hydroxide in a
mixed state, so that the carbon material is activated in
the presence of molten potassium hydroxide. This
activated carbon has features such that the specific
surface area is large, the amount of functional groups at
the surface is less than that of conventional activated
carbon obtained by subjecting the above-mentionéd
petroleum coke t6 an activation method employing molten
potassium hydroxide, and heavy metal impurities derived
from the starting material are little.

The present inventors have found it possible to
increase .the working voltage of an electric double layer
capacitor by using for the polarization electrode an

activated carbon prepared by subjecting the above-



the presence of nolten potassi um hydroxide. This activated carbon has
features such that the specific surface area is |large, the amount of
ffuncti onal -groups at the surface is |l ess than that of conventi onal
activated carbon obtained by subjecting the above-nenti oned petrol eum coke
to an activation nethod enpl oyi ng nolten potassium hydroxi de, and heavy
nmetal inpurities derived fromthe startrhé material are little. The present
i nventors have found it ‘possible to increase the working voltage of an

el ectri c doubl mentjienedaspectidichgarbongmbdertibd pol ani aatieatdloact r ode an
activated carbon prepared by subjecting the above- . -5- nentioned

speci fic car botreateens employiagt medteosnpotassium hydpbxideg nont she

pot assi um hydroxi de. On the basis of this discovery, an _electric double

| ayer capacit oPagiisc®fhibis Higeovesytr st glrctEdfadrubige1a¥8ra high
wor ki ng vol tage, hasg, been_gccopplished. The reason why an el ectric doybl e
| ayer capacitoFaﬁéﬁFﬁQrawﬁFQﬁ ggﬁk?nglgglFiSEEEQﬁtBE18bFéPﬁ€&FaP§ebéP eved
to be attributable Lp t he .f act ghat'thgﬁde%erioration i, N tﬁe p Bfornance
upon appl i cati 8nPdBRa YREEADNG,VPAS898ue PAE PREVASSORPE LGRS éav? ffet al
impurities or {unghioRal ahouRBcRLith8-aibaGEyat RabhYItEY RaLRAg acan be

substantially
high working wvoltage can be obtained, is believed to be

attributable to the fact that the deterioration in the
performance upon application of a high voltage due to the
presence of heavy metal impurities or functional groups
at the surface qf activated carbon, can be substantially
reduced. |
Phenol resins, furan resins and polyacrylonitrile

resins-as starting matefials for such carbon material are
common in that the carbonization yield after the
carbonization treatment is high. This may be attributed
to the fact that each of them has many double bonds in
its molecular structure. Among these resins, phenol
resins are most suitable in that the properties of
activated carbon thereby obtained are good, and the price
is low. Carboniéation treatment of such resins is
preferably conducted in a non-pxidizing atmosphere at a
temperature of from 500 to 1,200°C. If the temperature

- for carbonization treatment is lower than 500°C, it takes
long time for the carbonization treatment. On the other
hand, if the temperature for carbonization treatment is

higher than 1,200°C, it tends to be difficult to obtain



reduced. Phenol resins, furan-resins and polyacrylonitrile resins as
starting materials for such carbon material are common in that the

carboni zation yield after the carboni zation treatnent is high. This may be
attributed to the fact that each of them has nmany double bonds in its

nol ecul ar structure. Anong these resins, ﬁgenol resins are nost suitable in
that the properties of activated carbon T Hereby obtained are good, and the
price is |low. Carbonization treatnment of such resins is preferably
conducted i n aacdkivetiedi Sardpomt havingr a darget speeidiior surfatceomred@l t o
1,200C. If the tenperature for carbonization treatnment is |ower than 500C,
it takes |ong #ismeomgitieasc fosotheapcsdvatdagnsreatoenthatddisingand, if
the tenperature for carbonization treatment i s higher than 1,200[err], it
tends to be di Moléen Podassiym, hydroxidger whichdagsr B85 1Ngntiglaoverge
specific surfa§$larea..és conditions for the ctivating treatnment utilizing
mol ten pot assi GRShFREGHERE SHTLAFaAE PN ARG iPPaPOESe PiRReOLpactivated: f ace

R e DAL e, S AR, B SRR B ATRUR BT BR B o, ¢
activation treghmpntndl earHoa mdterild Qghakﬁeaﬁkh$€ESQurg for the

activation treatment are important. To obtain activated
carbon having preferred pfoperties, it is advisable to
mix potassium hydroxide in an amount of from 2 to 6 parts
by weight per one part by weight of the carbon material,
preferably from 2.5 to 4.5 parts by weight per one part
by weight of the carbon material. If the amount of
potéssium hydroxide mixed to one part by weight of carbon
materiél is at least two parts by weight, a good contact
state of the carbon material with the molten potassium
hydroxide can be secured during the activation treatment,
whereby the carbon material can be swiftly activated.
However, if the amount of potassium hydroxide mixed to a
prédetermined amount of the carbon material is too much,
the amount of the mixture to be treated will increase,
whereby the activation treatment capacity of the
activation treatment furnace will decrease, and the
amount of wasted poEassium hydroxide will increase.
Therefore, the amount is preferably at most 6 parts by
weight.

The temperature for activation treatment of the

carbon material is preferably from 600 to 1,000°C, more



carbon having preferred properties, it is advisable to m x potassium
hydr oxi de in an anmount of from2 to 6 parts by weight per one part by
wei ght of the carbon material, preferably from2.5 to 4.5 parts by wei ght
per one part by weight of the carbon material. If the anmpbunt of potassium
hydroxi de m xed to one part by weight of garbon material is at |east two
parts by wei ght, a good contact state of theé carbon material with the
nol t en pot assi um hydroxi de can be secured during the activation treatnent,
wher eby the cappefienablyi fromaf0®ectavp®0?€. acif vbhedackibvwebben if the
amount of potassi um hydroxide m xed to a predeterm ned amount of the carbon
material is.tobraathnent htemperatune ifcloWxt it ctakepelongatimenfor the
i ncrease, whereby,the, actjvation (reatnent, ca acitgtég t he actjvation

t

treatment fur3€EiVRFIOReEFRARBENE HEO  PREFR MEE LY CRIDRR RV ERT 2
Py ox de | hPGh BRIV 5108 S Lo RTo el SrOLE! SLED Yol IE0RC
T oo b FEER AR LObENR 00 L OPREE auTR B 1eade ORSLEISIVY [ 1om
long time for {RHe SehiyahaRd, t{LARENct PufPLGh e ACALNER €0 ERPEPALHAYI NY 2
is too high, pore size of the activated carbon tends to
be large, whereby the electrostatic capacitance per unit
volume of the polarization electrode decreases. Besides,
wearing of the material of the furnace used for the
activation treatment increases, and the energy
consumption by the activation treatment furnace will also
increase. Therefore, the activation treatment
tempereture is preferably at most 1,000°C.

The larger the specific surface area of activated
carbon is, the larger will be the electrostetie
capacitance of the electric double layer per ueit weight
oflthe activated carbon. However, if the activation
proceede too mueh, and the specific surface area becomes
excessive, the pore volume of the activated carbon
increases, whereby the apparent density of the electrode
decreases. If the apparent density of the activated
carbon decreases, the electrostatic capacitance per unit
volume of the polarization electrode decreases.
Therefore, the specific surface area of the activated

carbon is controlled preferably within a range of from

1,500 to 2,500 m?/g. If the specific surface area of the



| arge specific surface area. Therefore, the activation treatnent
tenperature is preferably at | east 600err]. On the other hand, if the
:activation treatnent tenperature is too high, pore size of the activated
carbon tends to be |l arge, whereby the electrostatic capacitance per unit

vol une of the pol arization electrode decreases. Besides, wearing of the

materi al of the furnace used for the actsvatlon treatnent increases, and

the energy consunption by the activation treatment furnace wll _al so

i ncrease. Theaetdvatetiheazbonvisi whthinathbat rangper atute PosSpibier &8y at
nost 1,000[errL The |l arger the specific surface,area of activated carbon
is, the | argepbsain pepphariratippsedertredpabavVaRgecdoftaf€ el ectric doubl e
Iayer per unit _weight of the acti vated carbon, vmgver if the activation

proceeds too BLERLIQRGALAE EBBEFFFéngﬁrPSEeuQFEa UBfies excessive, the
pore vol.une of thg ag%g;g&ngﬁgggg ngﬁgﬁgg 1@ﬁ%rgg¥ E% ggparent density

of the electrode nS|ty 0 € activated carbon

decr eases, gﬁgsgg%égsggthglﬁagﬁﬁ'E?QC h8e51€E£§038|H?Ee?iaihﬁomposed

pOI ari zation creases ere ore e specific surface area of
the activat edmsﬁpéghofstﬁgn%hehbsé 8 ehgpah! ¥nval B Eh?rénEaBGQIQEtBEOth 500

to 2,500 nk/ e speciftic sur ace area of
a state where the electrical connection is maintained.
For this purpose, it is possible to employ a conventional
method for molding and fixing a polarizétion electrode.

In fhe present invéntion, in order to secure a high
working voltage of the capacitor, an organic solvent type
electrolyte having a high decomposition voltage is used.
As the electrolyte salt for the organic solvent type
electrélyte, it is preferred to employ a salt made of a
combination of a quaternary onium cation such as a
quaternary ammonium ion of the formula R4N+ or a
quaternary phosphonium ion of the formula R,P* (wherein R
is an alkyl group of the formula C H,..) and an anion
such as BF,”, PFg~, ClO,” or CF,SO;~. For the organic
solvent type electrolyte, it is preferred to use an
organic solvent having a low water content, so that a
high decomposition voltage will be obtained.

As the organic solvent for the electrolyte, it is
preferred to use at least one member selected from the
group consisting of carbonates such as propylene
carbonate, butylene carbonate, diethyl carbonate and

ethylmethyl carbonate, lactones such as y-butyrolactone,



- -8- activated carbon is within this range, it is possible to obtain a

pol ari zation el ectrode having a large el ectrostatic capacitance per unit
vol une. To prepare the polarization electrode, it is necessary to.nold and
fix the electrode material conposed mainly of the activated carbon on a
current collector in-a state where the el gctrical connection is nmaintained.
For this purpose, it is possible to enplo§ a conventional nethod for
nol di ng and. fixing a polarization electrode. In the present invention, in
order to secursukfolape vandiits dgtixat stea hesingridit oks thexghpni ¢ sol vent
type el ectrolyte having a high deconposition voltage is used. As the

el ectrol yte saPe53iple ko phmin anp|elartigite hafing @ &1i9R s preferred
to enploy a salt nade of, a coqﬁ%gation of a quaternary onium-cation such as
a quaternary RRFHAPHIVAHRY® Y nul a [err] or a quaternary phosphoni um

and an ani on_such SEV( ofpt BrREHR: Aveibi e Lo o et e oh B y e, Tt

2 hi gh decomoait it AL P HElnRie O BUAIE MRl 0 M T

the oroup conei ot iy GEEECR AN (BOHInT oY i ene

carbonate, di efHotildBdaders¥Bbd that the present invention is by no
means restricted by such specific Examples.

Using various carbon materials having an average.
particle size of 2 to 3 mm obtained by carbonization |
treatment at about 700°C of resins as identified in Table
1l as starting matefials_(A: phenol resin, B: furan resin,

C: polyacrylonitrile resin, D: petroleum coke, E:
coconuts shell, F: sawdust) and three types of activation
methods (G, G' and G": molten KOH activation methods, H:
steam activation method, I: zinc chloride activation
method), activated carbons havihg the specific surface
areas (unit: m?/g) as shown in Table 1, were obtained.
The cbnditions G, G' and G" for activation tfeatment of
activated carbon employing molten.potassium hydroxide are
such that the amounts of potassium hydroxide mixed to one
part by weight of the carbon material were 3 parts by
_weight, 2.5 parts by weight'and 2.5 parts by weight,
reépectively, and the activation temperatures were 800°C,
800°C and 700°C, respectively.

To 80 wtg of a powder (the average particle size was

about 10 gm in each case) obtained by pulverizing each of



et hyl et hyl carbonate, | actones such as y-butyrol actone, -9- sul fol ane
and its derivatives, since it is thereby possible to obtain an electrolyte
havi ng a hi gh deconposition voltage. Now, the present invention will be
described in further detail with reference to Exanples (Exanples 1 to 13)
and Conparative Exanples (Exanples 14 to %@LJ but it should be understood
that the present invention is by no nean& restricted by such specific
Exanpl es. Using various carbon materials having an average particle size of
2 to 3 nm obt athereyivakted cahons ebtainedibnithe ARV AR FYaBIOR esi NS
as identified in Table 1 as starting materials (A:, phenol resinﬁy?: furan
resin, C pol yeeERodmi 130 ets of polyteiafurrfeielent ags@dmRAd&hel |, F
sawdust) and three types of activation nethods G _and, G, nolten KCH
activation n‘et?‘l‘b‘gs];(5 VEX (b TARRIR RIAFK AR tﬂfbl,é]t%“z’f‘?ﬁo’bqﬂ%tr}r‘b"e activation

e oSt R PR EESARE, E SOREUGE F SRS L o
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part by vei ghtppfedfe, CEEPLEWERIBY IIted®ify B #Sridd into a sheet.
Then, the sheet was further rolled to a thickness of 0.6
mm and driéd at 150°C, and then punched into a disk
having a diameter of 12 mm.
This disk having a diameter of 12 mm was bonded by a
carbon type conductive adhesive to the inside of each of
a stainless steel case and a stainless steel cbver, which
were current collectors and at the same time container
parts for a coin-shaped capacitor cell, and both were
heat treated in vacuum to remove moisture, etc. contained
in the both polarization electrodes. In an organic
solvent having a small moisture content (at most 50 ppm
| in each case) as identified in Table 1 (PC: propylene
carbonate, BC: butylene carbonate, SL: sulfolane), an
electrolyte (C,Hg),NBF, was dissolved at the
concentration (unit: mol concentration) as shown in Table
1 to prepare an organic solvent type electrolyte. This
organic solvent type electrolyte was sufficiently
impregnated to the both polarization electrodes composed
mainly of the activated carbon, and at the same time, to
a separator sheet made of a nonwoven fabric of

polypropylene fiber placed between the two polarization



wei ght, 2.5 parts by weight and 2.5 parts by weight, respectively, and the
activation tenperatures were 800[err], 800[err] and 700[err], respectively.
To 80 wt % of a powder (the average particle size was about 10 [err]min
each case) obtained by pul verizing each of - 10 - the activated carbons
obt ai ned by the above activation nethodg,lio_m¢96of pol yt etraf | uor oet hyl ene
as a binder and 10 wt % of carbon bl ack as™an el ectroconductive material to
i nprove the conductivity of polarization electrode, were m xed. Then,

et hanol was ade®deatgodess nilheyr aref crispesepiedndadithe atadindessd steed a
sheet. Then, the sheet was further rolled to a thickness of 0.6 nm.and
dried at 150C, c@idshapes, soméaingrote gPiRiRad F9in-gharederlECtEiCm

"Thi s di sk havi di aneter of 12 mm was ,bonded. by a carhop_type conductive
Tihestve t o t hatuhae I T, conagt LA, Pavipaoe. cisbetes ptons- 4 BrspRthe:

st eel cover, i%h wer e c;rre%t collectors and at the sane tinme contai ner
parts for a coi -§ﬁ£655 &, p ¢i't BP°cel |, and both were heat treated in

T, ST e TR en . 8 Hatr 4 e A O Bl cor

50 ppmin each t§a54hidda1delelctr8dtatitaBapatitBhceP (AR kE"®) and the
internal resistance (unit: Q) were measured. Then, each
capacitor was put in a thermostat at 70°C, and a voltage
of 3.0 V was applied for 1,000 hours, whereby the
electrostatic capacitance (unit: F) and the internal
resistance (unit: Q) upon expifation of 1,000.hours were
measured. By comparing the degree of the performance
change between before and after the operation, the long
term wdrking reliability of the respective capacitor
under a high voltage (3.0 V) application condition was
evaluated on an accelerated basis. The evaiuation

results of the respective capacitors are shown in Table

1.
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carbonate, .BC. butyl ene carbonate, SL: sulfolane), an electrolyte [err] was
di'ssol ved at the concentration (unit: nol concentration) as shown in Table -
T to prepare an organic solvent type electrolyte. This organic solvent type
el ectrolyte was sufficiently inpregnated b the both polarization

el ECt.I’OdES HTy—gi—tne v (23 vAvll rre—at—tjresanet | ne,
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t he stainlegs gteel doin-Ehhped neqiheL [to i Sgati h-Shagell| lectric
doubl e layel ca&raeitdr hafiidig ajdi tel d : and ajt hy cHnegs Jof 2.0
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el ectrostatifc (Sdbgcitancq: (it nd} t He rgsi $t anceg (Pnit: Q
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eval uated on an accel erated basis. The evaluation results of the respective
capacitors are shown in Table 1. - 12 - [err] [err] [err] - 13 -
‘[err] [err] [err] [err] - 14 - As is apparent fromthe eval uation
results shown in Table 1, with the el ectnqisxc -doubl e | ayer capacitors of the
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1,000 hours, and the electrostatic capacitance is |arge. Accordingly,
according to the present invention, it is possible to provide an electric
*doubl e | ayer capacitor which has high reliability and a hi gh energy
density. 15 CLAIM5S 1. (Anended) An electric double | ayer capacitor
conprising. a polarization el ectrode and g? electrolyte capable of formng
an electric double layer on the surface The polarization electrode,
wherein the polarization electrode conprises activated carbon prepared by
subj ecti ng powder &8¢ d& la@Parnende froomtie levaduagion geisules ebosm fimom t he
gr oup con5|st|ﬁggof phenol resing, furan resins and polyacrylonitrile to
an activati ngTABRod re WiItHy ithE Sé?§§§#8nﬂﬁybi8xﬂé&erncapﬁﬁﬂ erssP4t &heand

the electrolyte is gn organlc soI el ectrol . JThe electric double

| ayer capaci t BF €8E85r 4N nF&°€Va &Pgi o ﬁégﬁrgénpéggﬂlvent
| trol yt t t t h h
salt. 3. yTﬁeC§F%§%3%5a&§8§|er”ibérgggﬁgs T6R itcorefAg Euerarkel or oo

wherein ihe agbpY3adie Bea"Aigh 9BIERbbCaR ! 26Ged 88 S0l PORLE 50010

1,000 hours, and the electrostatic capacitance is large.
Accordingly, according to the present invention, it is
possible to provide an electric double layer capacitor

which has high reliability and a high energy density.



(Amended) A process for producing a polarization el ectrode for an electric
doubl’e | ayer capacitor, which conprises car boni zi ng
sel ected fromthe group consisting of phenol resins, and
pol yacrylonitrile resins to forma carbon material, ‘mﬁmawl ,m:
carbon material to an activated carbon by an actlvatlo t he
carbon mat e ?I iss .heated together with nolten potassium hydroxide at a
tenperature 0 fqrom 600 to 1,000[err], formng a powder of the activated
carbon, adding a binder and an electroconductlve material to said powder
of the activated kartstendedbt Am electkric ejouhlief Layey chpagikomre to a
current collector, 5. The process for_ producing a polarization el ectrode
for an eIé%?W?E?%&ﬂHﬂ%aHQ%RFl%ﬁﬁkRﬂt%#eﬁkﬁ%#ﬁlm@dténCFéﬁﬂtnOIMMQreapabhe

activation atnent is carrled out by m xing the potassium hydroxi de and
t he carborf ?ﬁW%ﬂ & (- Qﬁgvr%&XQFcﬁnpﬁ?ﬁs§PHﬁ?ﬁ9dP§xFH€/carbon

Z‘é‘éﬁ?h?Lgvﬁ’éﬂ%P%#%°nmﬁ?aﬁ%a°%em et e, piaset 2o ELpR SheSBiRie Fhe-
el ectric doubl e qggﬁrmlg%t E&%ﬁﬁ%% 035§é$d$ﬁ§5%%eée§y S

a furan resinmn.
subjectlng powdered carbon made from at least one re51n

selected from the group consisting of phenol resins, furan
resins and polyacrylonitrilegT_és_tha-sta:ting-mata:ial,%-to
aﬁ activating method employing potassium hyaroxide in a molten
state, and the electrolyte is an organic solvent fty¥ped-

electrolyte.

2. The electric double layer capacitor according to
Claim 1, wherein the organic solvent electrolyte
contains a quaternary ammonium salt or a quaternary

-

phosphonium salt.

3. The electric double layer capacitor according to
Claim 1 or 2, wherein the activated carbon has a specific

surfacg area of from 1,500 to 2,500 mz/g.

k. (Amended) A process for producing a polarization
electrode for an electric double layer capacitor, which
comprises carbonizing at least one resin selected fram the
group consisting of phenol resins, fﬁran resins, and

polyacrylonitrile resins to form a carbon material,
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Claim1l1, wherein said resin is a polyacrylonitrile resin. 9. The
_el ectric double | ayer capacitor according to C ai m1,_wherein said organic

"solvent electrolyte is selected fromthe group consjstin _ ne
carbonat e, butyl ene carbonate, diethyﬁlqérbonate, eU Uh qé at e,
[err]- butyrol actone and sul f ol ane. 7 10. The \ eyt ayer

capacitor according to Caim1l, wherein said polarization el ectrode

comri ses powdler edgELhYated GALRON AN0PLDI NS an ot Theea! BEERNG HOUD C

| ayer capacitoroﬁc arm erein sald polarization el ecirode

further CQHD%%?f§a@fo !ﬁ&%ﬁBﬁgﬁﬂ”ﬁﬁi%ﬁ R4 etdpbon Idated g1 €L gChehEedoOUDb] €

| ayer capaci according to aim 12, wherein said el ectroconductive
material {§qe8hoPWPLRCKo148n pdbasslent hiydrsoite cat ayctenpppatapeé of
accordi ng t% Claim11l, wherein said binder is polytetrafluoroethylene. 14.
The procegsohogooPEQdUCHOO 8, PEbERiAAL & OBowdect D dEhé cacivatedt caebenubl e
| ayer capacitor according to Claim4, wherein the tenperature of the
activati ogaathfod binfiepman@0ahoe86frocdndusStiTaenptectsy to-{pfogatdng a
pol ari zation el ectrode for an electric double |ayer capacitor according to
Clai m5, powder of the activated carbon to obtain a mixture, and fixing

the mixture to a current collector.

5. The process for producing a polar}zation electrode
for an electric double layer capacitof according to Claim
4, wherein the activation treatment is carried out by
mixing the potassium hydroxide and the carbon material so
that the weight ratio of potassium hydroxide/carbon

material would be from 2 to 6.

6. An electric double layer capacitor according to
Claim 1, wherein said resin is a phenol resin.

1. The electric double layer capacitor according to
Claim 1, wherein said resin is a furan resin.

<. The electric double layer capacitor according to
Claim 1, wherein said resin is a polyacrylonitrile resin.

q. The electric double layer capacitor according to
Claim 1, wherein said organic solvent electrolyte is selected

from the group consisting of propylene carbonate, butylene
carbonate, diethyl carbonate, ethylmethyl carbonate, Y-

butyrolactone and sulfolane.
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wherein sai d-weight ratio of potassi um hydroxi de/carbon material is from

R 2.5 to 4.5. 16. The process for producing a pol arization electrede—for an

el ectric double | ayer capaC|tor according to C|a|n14 wher ej nder

i s pol ytetrafl uoroethyl ene. The . Rzocess for H ‘QH ﬂ‘\gﬂ@\ﬂm i on

el ectrode for an electric double | ayer “Capaci tor acc

wherein said activated carbon has a specific surface area of from 1,500 to

2,500 m[err].
: le. The electric double layer capacitor according to

Claim 1, wherein said polarization electrode comprises

powdered activated carbon and a binder.

(. The electric double layer capacitor according to
Claim 11, wherein said polarization electrode further
compriées an electroconductive material. -

12, The electric double layer capacitor according to
Claim 12, wherein said electroconductive material is carbon
black.

(3. The electric double layer capacitor according to
Claim 11, wherein said bindér is polytetrafluorocethylene.

4. The process forlprodﬁcing a polarization electrode
for an electric double layer capacitor according to Claim ¥,
wher?in the temperature of the activation method is from 700
to 900°cC.

|S. = The process for producing a polarization electrode
for an electric double layer capacitor according to Claimb,
wherein said-weight ratio of potassium hydroxide/carbon
material is from 2.5 to 4.5.

€. The process for producing a polarization electrode
for an electric double layer capacitor according to Claim i,
wherein said binder is polytetrafluoroethylene.

17T, The process for producing a pclarization elecErode
for an electric double layer capacitor according to Claimk,

wherein said activated carbon has a specific surface area of

from 1,500 to 2,500 m/3qg.
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