1~I March 2005 DESCRI PTI ON ELECTROLYTI C SCLUTI ON FOR USE | N ELECTROLYTI C
CAPACI TOR AND ELECTROLYTI C CAPACI TOR 5 Technical Filed The present
invention relates to an electrolytic capacitor. Mre par r t he
present invention relates to an electrolytic solution foﬁéﬁ@%q?h&g%

el ectrolytic capacitor, which has a | ow | npedance and excel | ent

| ow-tenperature stability, along with good characteristics of working life,
and an el ectrol ytic capacitor using %E§? specially an al um num

el ectrolytic capacitor. 15 Backgroun nerally, a capacitor is a
general electrical part and is wdely used for as a power supply circuit, a

noi se filter ﬁﬂéc?xzdt%&é' s@tﬁ@i‘bfq FORPEEEN ! %L_t‘é%%;' 8H§T§8 CAPACITOR
el ectric/elec

el ectrol ytic capacitors and 2tth&ELECIRQLHTIC CARACIIOR er ani ¢ capaci tors,

filmcapacitors, etc. Various types of electrolytic capacitors are used at
25 present and exanpl es thereof include alunlnun1electrolyt|c capacitors,
wet tantalumelectrolytic capacit L e. It is an alum num

el ectrol ytic capamhéopréseﬁtmhnobnalaartemutaslyoeaﬁebuentrbmycﬁcon is
expected in E gre?ent g¥gnt59@lc E efor heth§e§8 ? Ektagxentlon\mll
now be descrl Bd W th reference Pan-ef'ec yti ¢ capacitor
The terme eEéeteelyp|ence@eetroﬂytwsedohetepn fetenset énadnal um num

el ectrgf yti ce@aeaebtlgrtlenbegecetteer W,8¢cht ahgda AofORweBURARAl aglum num
electrolytic cap 5 be produced typically by ushgg an’ anode f ol

itor _can
which is nad@xﬁﬁﬁgﬁéﬁl AGWa tRIMGRY ALK By SR ﬁﬁﬁvfé ProWihEr 8699 ncr ease
its surface aheaacaedlamadlszbrﬂgwblirelsxgr flagde ,ofandl@AnMenek +26Qytic2 the
alumnum foil _to provide.an gﬁ | m__and ﬁlcathod ufoilmyvhose surface
has only beeff°BESHERT TRé e FtFﬁSeandggcﬁgl Yafd Catfode™ oil are
dlsposed oppeseeceé redgtt iot kepagndoan el enent with a wound structure i s nmade
by 5 iq4erposing a separator (release paper) between those foils and then

the elenment is inpregnated with an electrolytic solution. The el enent

i npregnated with the' eIectrolytlc_$%$ﬂlﬁbhg+é£bontalned in a case

(general |y nade ofede#MNY) a Wil iitsrt NaN 25 @it 40 teh eat ralcagt igarto

seal ant, thus conpl et. an eIectrontlc capaci tor. Electral t|c capaC|tors
Ot G

al so i ncl ude %% CB5EL i 593 S50 eh SPMETars YRdYe SHTH

structure. |fitthe rakove-adeseridead cdlreatinolcurpo neapadint ezra,raidme;

charactgri sti f .t C roI tig solut y factor which
deci de%&t he .p eC‘L gtrrr%aéqn%e oetII Ye elpeacrt rol ytdi gj%ccgacac’ps[ a%el%%u%ﬁf!ﬁ/e si ze
reduction of ql@éselfecetdr ginfta e lesgas tydric mmcr@rf%uancbrotdmmode foi l
having a | ar ge iy fanss afkdth RLAGEHRY &It NGRS Hean dghd vk d he
resistivity of 'the capacitor has . recently 20 i ncreased. Therefore, an
electrolytic ®dution having a low resistivity (specific resistance) and

t hus high COﬂdUCUV@ﬁbbd§ ﬂﬁﬁ&ﬂrdiiéﬁédﬂtdﬂyﬁid(HaﬁaGAﬁﬁﬁsﬂaﬁHIdsedmewsed
in the Iectrol tic cq§20|tor nvent i onal (%ectrol tlc solution for use
in an 5 el ecgf’i' ?fﬁc pea}gi"?%]reﬁ sqbe’ﬁee? Iltri/ JpL} %aa}]ekdn y Ui ssol vi ng, as an
el ectrol yte, eloarbokytic capat suets asverditpartabin, e bemtzod by taicd d, etc. or
an anmmoni um sal g, & hey 2ot ot 8 maentwrf@ag@daﬂymm g, aihows 1 405 by

wei ght or |ess ? water to ethyl ene ycol (EGQ as a 30 principal” solvent.
Such an el ect?@ﬂ%}%oeoimmovnhh% A e@@ew%arr i ¥EHEEeRE BhRtELAD 5E552m (

150 52cm) . Qxpdecoihei hpadprédencapaeet©ions regeiéedrép fiwve a | ow
|npedag§e (Z2) to sufficientl exe;# t he eréorna ce t hereof . . The i npedance
i

i s decirded byPVATFolsFURE bt Q" 381 halOY o€ eJ@WpF £0F t W1 51 r BRECEE When® t he
el ectrode areshbd$ khedcapasntelectcobpses.cdpacetore, aheatéempt to reduce
Lhe §mpedance. L sodBOS, 96: 2 DELLEL L. COULS P 40 MBLED 2008, 3 case of
a |l arge-sized capaci n to re uce ot edance nproving a
separ at or hasabP@en%@eﬁleﬂndelYFb%evePaC%hers@ee?$$coﬁegrgtéﬁcetéte@he

el ectrolytic 30|UtA080h§e§tL§ﬁQ§ 898&&9&%'89e&@9&9§t15 @épht@ﬂbﬁrbanln a
snmal | =si zed capacitor. | owner - s?e0|f|c [esi stance el ect %EIC sol uti on
to

using ar aproP c96?§5ﬁ?€ E¥PYeAt L¥uBK 4sitBLaP~2BAt§r 6P $RasSrecent |y
been devel opesladeeby éaeamegea HmexaguaedyPauem&nEmbEanttenth&ﬁkay) Nos.
62- 145713, 62. 10 145714 and % é ge the c aC|t9%au3|ng this
aprotic el ect FBFyEREsbltdt PBA Pge ﬁrF ¢ A ?P8Plzﬁng 8d3nce®to a solid
capacitor using an electronic conductor having a specific resistance of
1.0 S2cmor |ess. 15 The alum num el ectrol ytic capacitor has~poor

| omt enperature stability because of use of an electrolytic solution,~and a
ratio of an inpedance at -40C to that at 20C (100 kHz), Z (-40Q)/Z (20C
is as large as about 40 at present. Under these circunstances, it is now
20 reqU|red to prOV|de an alunlnun1electrolyt|c capa0|tor whi ch has a | ow

M o, T




19 March 2005 - 6 other electrolytic solution conponent on even when the
nitro conpound is used alone. To obtain a nore remarkable function, two or
nore nitro conpounds are used in conbination, nore prefe 3)| gﬁen t he
nitro conpound is added to the electrolytic soI ution of tﬁ %?% 8
invention, the nitro conpound is added-in the anount of 0.01 to 5~ by

wei ght based on the total anobunt of the electrolytic solution. The organic

sol vent to bendlsgtymBh@RNIeM 1 hté!"%%x%ué@ 9 so1i afﬂr%“a&&'é/e@ét}ﬁédé‘
protic solve an aprotic_solven or a mxture thereof. That_is, the

protic sol veﬁ‘?él Drot LACoI Rant {0 HayPeRn 1RETeH onel bf IS8 b L1Mdre ki nds
of | them may deodpt fonnldyd U§£t|dhd>dﬂe f:ﬂd&d:)l nat é oallsp@mc?y@éyte Té‘@c}}i):’ otic
solvent is prefera al coho conpoun e the a solvent is
preferably aé? o%éé(c%ﬁp I&‘em:l'h‘%lgélr%ox?/‘l1 %@r%lc%?r%a)r$ rﬁ%f%%e@f to be
used as the em‘e%mwym@ ansemret@cttmyea@e spépef brnbetfwedre phesent

i nventi on i s¢pref ex bl ynat %ﬁ@Sélé&ﬂsnéeL§C£@g %gnéwan&lj@hggﬁup consi sting

of formc acid, acetic acid., proplonic acl roc acid p-nltroben20|c
aci d, salicyPieChEPHYtbens@letheRd, Bhal fLementd, lfﬁﬁ?%‘ﬁﬁ‘%t%ﬁl‘dltgu‘é@? ni c

acid, glutarkteactdiyadipis1acidn iyn@éh@aaﬁéd lﬂaéeéageapa;gmepmb lic

acid, azelaic_acid tric acid 25 hydr ox ric nmoni um
sodi um pota@%?ﬁn?faﬂiﬂglﬁﬂﬁ al%@fcg ¥gﬁ?s ??ig?h%fggfahTﬂga?ﬁb?ganlc
acid d0 sal tsehéardf whishcospaésbngsad aesetheokytttrobpéeitsrat | east one
selected fro o o] o] ' j hor ous aci d,
30 hydrophosg%%?gﬁgig 8 8%%%?%£gg?d£198 ?ggggagc?gégtrgbgﬁggnlun1 sodlun1
pot assi um aﬁﬁﬁécahgrélR?heénﬁbﬁﬂuﬁhgéﬁt@ltheﬁeﬁPunq Fhra@irEfon to the

nitro conpound, adﬂlEh&eabéeéeaégerisealbhecgkempt§@n§a§hbmgoef th@
followi ng 35 grou hel at e conpound ﬁﬁharl des, Mar ch

2005 - 7 (3Ff ﬁ§6F6?§Béﬁi§F aﬁCBHSIeéﬁBFSPIE QFUFS E4PRCBEY P ﬁcPd or a
salt tiereof laand ¢4¢tgkuoambﬁ decddasdtae gbueommanbacbﬁnehﬁay be
optionally cgq%gkggq |n thg g %troly%etgf %he 28r$g§ Et ngen e These
additives may ePe5r “Pho, of for & hem e optlonally
used in conbeﬁapwgnlYtnCanéphentagpe@D ahedsoﬁOlﬂherprSQRﬁelﬁ@ehtlon

resides in apaglagt Hoh4tise %@E@%er%r%%”B"rb%lb@QdaBylgt%b%br ah¥t beepol ution
for use in an electrolyti'c capacitor which conprisés a sol ution cont ai ni ng

a sol vent coNsEst PRg shecaeedssavisy ®di &ﬁ@ GRPAR 15PgaRre E6CF8HYand 80 to
20~ by2ewei ghtinefresatear., andrat o|r%aSTar10 Be eelceelly@liyt eoaake©hed1aﬁza@@ tahe
group consis |r‘1]g of at15 arﬁ py g .acid aor a salt t E‘Of %[ld an inorganic
acid or a salt“t kéreot-tY 5Gddd t AECSCE2RE A ed NP8 conpound
sel ected fromomidelcgmvumycam;smetqlmge@if arsi talmm@nalrolmtmt:ols@dml@nadod,
di ni trobenzoig, %h e%Drﬁi tQag q%‘%t}%q?pcq_ ar&%prg heghisole. 20 s Brief

f t I

Descri ption o awi ncrs Figure-l i's arsectional view show ng one
preferred enbodi méntcasivertie osladc erlgiafriad yddisacictlort iedc Giodi WG et 61t e present

inventpon, anrd &% ddigt iz ichpadI&icxPedd 'g\é%e\ﬁa@.\/!ysﬁﬁ*@ﬁégretdﬁ%yconsu tution of
a capacitor e emen]dhf the el ectrol ytic capacitor sh c{n% J}b Best
Mode for Car NGhés Wbrﬁ%%?rﬁyﬁse'deas&ai% éaCJt W@ ol ytic
sol ution for aanpedcacatcrm ytbemzmpﬁcadm ammr dmar @t jpimeseEitt | nventi on
is characteri %ed bé/ cONt & ai nin e\ Ia onde bnltraodlcnorrp un ed egl d from
the group consi G ng “of nla[ro eno Mo 0i ¢ aciH di m%i enzoi c
acid, nit roacfe%mﬂtermel@mj q‘ﬁ twagzen st eethyieimjlqllmlt ol B s ent

consi sghng of @Qléppﬁp%méw ghtsofh ah Areani &8l e and &0 dLs 20~ by

19 March 2005p wei ght of water, and at |east one electrolyte sel ected
fromthe gro@%&i%tﬁ?@liﬁa%%&?%(ﬁm\i% hcd Rk @lxHIR ¢hereof and an

inorganic acid or @, sald dheseafand, 14hd hﬁaﬁé@ﬁépljyslﬁe@pmad%fmv@n
el ectrol ytic capacitor ccor di ng to the present inventiaon, | vent

cont ai ni ng a ti ghf y* TR ae%t%‘?ed( Bt S 'F £ 4t B LR o orids sR"sr PR Kt ur e
of an organi ctiseteEht are WahipddansSe Useddesidde Splveriodorfatssos vi ng t he
el ectrgl yte. 10. Asfglescréntl)e eabf*é/eis ero |ge o‘ll\,r\lleerrlltgh ef‘é) o}égedé) yents are
used aldne or, oiot onaT PR conbl hat T on; erred erotic

sol vent i ncl uele *alh@ompa@bm:oumlcr@‘e@ﬂl che«ameg, ointeh‘et@m:bhm conmpound
used advant ageousty Hgs eirﬁ‘% eaghege; erédé”@s né“m&!:*@éf gl t 8oy d9e MpRohydri c
al cohol such as ethyl alco propyl al cohol, and butyl al cohol; dihydric
al cohol such as ethyl ene egcoI di et hyl ene egcoI triethyl ene egcoI and
propyl ene glycol; and trihydric al cohol such as gl yceri n. Exanpl es of
preferred aprotic solvent include | actone 20 conpounds. Specific exanpl es
of the | actone conpounds used advant ageously herein include, but are not
limted to, y-butyrolactone and other intranol ecul ar pol ari zabl e conpounds.
V\hen usi ng at Ieast one sol vent sel ect ed fromthe erot| c and aprotic

oy o Y M ~r . . o LY




35 such as characteristics required to the electrolytic solution and the
capacitor obtained finally, kind, conpositions and anount of the solvent,
and kind of the 19 March 2005 - 11 electrolyte. As desﬁh“&? Qpﬁge when
using the inorganic acid-based electrolyte in conbinati H

carboxylic acid-based el ectrolyte, the-adotnt of the inorganic acid-based
el ectrolyte contained in the mxed 5 electrolyte can vary within a w de
range, but t@@sei@ﬁr@ahécga£éﬂz@asedp8¢eﬁbfolyAﬁ astpnpet etabtydeoat ai ned
in the anou based on

t he total ag%dﬁtiﬁégdﬁ% ?P%gPR#he e%%g?? ?rt?%gso ?%%e%f t he
present i nvefd®n &@wegeéhat%@t%pegeﬂlgyreatsh@ncad@fngheas an additive,

at | east on@l@¢£f@199£@0§8ﬂu§§&§01§daflQBbéhéoQEPlelﬁenﬁaéEng of a
ni trophenol such, aslgﬁhltro henol ni t r obenzoi c acid”such as

p-ni t r dbenz P L BEFY Yd?hl?r%%%h%b?bzﬁélHaPéChFPFoacetophenone such as p
15 ni‘troacet ophendnkcaad-spét OADESObeistanas eleetrolytie ssohuiban of the
above-descri bed specific conpositions, _that is, an electrolytic solution

conprising ah®abfedls?PhPked SHPIRHE EBhYPRE| RYCBf 220GBE 80% by wei ght of
an organic §@£Y§81a689n§9‘%QSZQecQthﬁ'Qgénoéew@lgﬁedapgeét §Qp£§é§é one

el ectrolyte selected fromthe 8rou conS|st|ng a car OXK Ic_aclid or a
sal't thereof VBRE2EA PHOFBERNE FUBL4CBELQNSARP Phér@@?. PA-1he7 bPeskAr
i nventlioon, alpamncuharby mydrzown gane@bsor phboBapaBEtbONUEOHGdthes
confirnmed mhg rgghgg @ g ? g Que- egcribed grogg of ?ltro conpounds but
the actual re853nsChavECHBY Yt haRAYELER £FelY EBhevBFeTiPTis™ consi dered,

based on t heippedentei hvent epsidexperienoe, ustihgt an kaegerbactor is in that
substituents_.ggptaiped,Ln; ,gagh o] i Bt t heshydr ggen gas
absorption 38 ?ung%?gnhgglag %erngE?%gl%B§99$ﬁ§é%|?ko cgnpoéﬂdggsed
herein can al€&shave a function of |nh|b|t|ng corrosion of the el enent
caused py a functirag af.fihahodeaated, Rydrecga @oys§ gowsfibug of a
printed circuit board, Ttor_ exanple ? ane hal ogen capt uring
35 function, tPWPSFHéPrﬁoﬁééPl1wh§nb?ﬁéuﬁﬁtPé @éﬁp@énénuglaeaéelV6lphe

e'eCtrO'Ythsoiﬁkdthnaﬂﬁ thaQﬁ%S%@tahnlﬁﬁkﬁﬁﬂcetﬁ% nghre ¢enpadRdagan 19

March 2005 - 12 b tisfactary i tion funct d
hal ogen capt 801 fig HORCEYGNe. Bvin G /dedd0arang BeeaudaraReder ABoUE -

conposi ti ons 4€f hécpiresehar. t Hedeunchiese ofirchespaesest, iinveést now are

enpl oygd in Equﬁ&%%F%%'%&b%l S%'“%l%%lnhﬁﬁ'1ecA%%€§%h%9c%§ %p%erese”t
inventors' fin : erred TUNCLT on ‘can be ex ) rom usi ng
two or nore h’lhter@ @@ﬁp@url@sv iLmpegaiceatainshn e)the141§ngerl@rWaltley\p|eé@¢mnded to
use two nitrete®IpQuRds in conbination. The nitro compound is preferably
added in 10 the annuthgyﬁthln a rangF from0.01 to 5~ by wei ht .based on
the total anount OFHHETel &G VSIS &8 RATGHOWRdn e SHTERE df* A€ nitro
conpound is smmdumohyuﬂc(%dluﬁﬂqn\magﬁne admrebnpec tedeé cfuredtyitdre is hardly
obtai n and, t Myt e ght, a
15 fur? gﬁéﬁgﬁ{ thb§*§%§QﬁHQ§£c‘?%ﬁ&%aﬁhék §g%%3§%%% BV

del eteri ous |Cr§>rr‘4’su7e1ﬁ@etlmsg stdlrﬁetaim ehaarlt ey ore thesleotfiedrl char acteri stl cs.
The use of th%daﬂdlqlgqq»m%éfwﬂé D& AN Rathd R JRNe Qelald Jpelpw The

absorption function of the 20 hydrog endgas generated on the reaction

bet ween alumqﬂﬁn%ﬂﬂﬁﬁmﬁQ%l|Q¥IQ%ﬂﬂQ9% Bl FMETEPYNth 49531 ase in 0
anmount of matrgrdﬂdgdme;aswlmttdwiﬁragglm]majéudlrlq)mg)m al one, as was
descrlpgd in the |ten1ent|tled ‘Background Art". This |owering tendency
becomed” dr asti¢ ZH TH The a5 & Iisre the el ectrol ytic solution is subjected
to high tenperatur® condid i ons:otHeme veargh mmbjmajamd:ﬂommmyen hese
nitro compoungds; AANf CAN Dosal VL YA N9 LU QI ) L0 compounds i n

conmbi nation, as in the present_ 1nvention. I n case of t he 30

el ectrol yti c SHARIAF of2 tHel Pk é%%rﬁbﬁ%%mq o‘ﬁle t?ﬁﬁ%ﬁéﬁ’ diy dergen

absor babi | i t yyeamde H@M&@ﬂ.@%é&ﬂdﬁd@! gméler@;e&r@gswe Soputiddons for a

| onger erlogyof L t han tge case wher.e theﬁg %§ if ounds are
used aPdne ?ﬁ%ﬂtrﬁ%p tEONPRUNFEO R W N R 2 T unction in
absorption ofdmreldweeiss ogre ne past syt Ot ngolwt 1 dwe, pfasende i ivenbe wat toml d

al so be confirmed in a relation to the electrolyte used in 19 March 2005 -
13 conbination. In a conventional electrolytic solution, the procedure of
addi ng only one nitro conpound to only a carboxylic acid-based

el ectrolyte, or adding only one nitro conpound to only an inorganic

aci d-based 5 el ectrol yte has been enpl oyed. However, a satisfactory

hydr ogen gas absorption function cannot obtained by the procedure in case
where the anount of water contained in the solvent is |arge, and the sane
results are obtained in an electrolytic solution wherein both of a




According to the present invention, there is also provided an electrolytic
capacitor, preferably an 5 electrolytic capacitor conprising a capacitor

el enent forned of an anode foil, a cathode foil opposed é t he ode f ol
"and a separator disposed between the anode foil and thel gﬁﬂﬁhéo and
the electrolytic solution of the present -i nvention. 10 The electrolytic
capacitor of the present invention is nore preferably an al um num

el ectrol yti & appE it ro13/td RS trpaerlefoer abb Rt R @Rt it aCapaci t or
ornmed hy w nding an anode, foil, consisting

t | I
compri 81 ng: 8 Sapadl Lor SLement LoLTed B nding, AN Anade gl oonst st
t he al um numadial It,o @andcd weatthdde ifnei laddede tdfe tete & wa W bei weiwha a
el ease | PARA waS0d NalnSHAGES e Ol f Gldee dAs SAGR P | an

electrolytic sol ution present 1 nventlon a case or casing

cont ai hi ng tHE [dFaddbimg & -dferc artd tvherediaddt fl yr-ind tesiRiened; tand an

el astic sealad v MHER@IBPPERHMG d&rﬂzds%lc@f e%lt&tq%zl%/ﬁl% Se?Led I'n
I nventl on ecause e

the electrolytic capacitor of the present
uecuo|wié@%ﬁﬁwﬁqqu%ea%ﬁ%émolﬂ%%ﬁ%ﬁ%%“&%w Y ERATHTYns of
i mprovi ng Ivavert@rrpelmtwen};mxfetndnet ;sdmednqn aatdnaxe\abxsalm,erttlﬂn‘ an

organi ¢ sol ven a&d hater. .t he as a%scgpgl tgeunctduo]{t%J ed on
addition of @ Hitro conpoun prolaﬁgétlon of & wor Ki e ‘and
reductPon ofof mmmmwmtwmamct g egfatinn mfdridtg dwdrre%&‘-tﬁ on due
to use of agpecific electrolyte, can be attained. The electrolytic
capaci tor of the‘Present invention is preferably forned in such a manner
that a capacitor °%RPREIHeMeF ISP YRR iR Hf &t 2hod )i ) Nwher ei n

t he surface &f- 48 &2 chibsb adidg Tuged aid & ke sl ik s&ﬂ]chtamorcaﬂdmdeaé oi |
made of the etched al nlnuntfo 9 March 2005 eas paper,
so t hat surfarlti:ers]negf %%’f?’u qf%rlllos%fa}ilt:eeTiaal("?icté:!tftro Welrc G Calnt% ec o |cte

sol utildn of etlkeipresentan mlmtar@ommﬁmme{dmwratmefumm openi ng
portion of t I h Hﬁqgﬂg al it h an
el astic seal %ﬁ?fﬁéggﬁé@ﬁ%?s gtie%tr?%%ééﬁ%v&s ow n%é%%(zﬁprﬁ?le%\e\i

enbodi nent oPrefeced cky radging eaphieiedrisle Heo preseiRCEFREY i®n, and Fig.

2is a persp%tuyeows%psﬁé@rtg@ddp@.tét@iw varibes thi gknessadidect i on,
whi ch shows a 10 ca aC|tor el enen e electrol%tlc capaci tor shown in

Fig. 1. AlthbUghItRec eAbbdP n‘éﬁtséiﬂb%mt‘i‘%r?% HR o FIYSVERE a‘F‘Pml%‘P%% rolytic
capacioor vm‘éhcaumuédysbfuetuyeen«ya@lp@@lc}rmg§3p@uanlmdi<fmcat| ons may be
made in the glect&g t{g gagacm%or of f gegt |nvent|on Wit h

departing front 15 ttFe Sprr HO3%bpR ?h%?% fE5F Bt e: %Iectrolytlc
capacitors othbibihan hhe elezdrobvnlgaea@aeorptlmntﬁuacm@gnd shaticture are
included in ghe gcegﬁcetohhsfpas§sptlh§vsnt%99 gdheobl! Ysheabedy £rom

el ectrolytic capaC|tor 10is ac P8m noim efectr ol ytic

capaci tor an8hBadnsBERCH §?Fu69uFBetH§? afchpacriBFtEPEKEAE 1 i npregnat ed
Wi th arp el ecbépbyttersotubteayl ﬁaaﬁ@ﬁlt;ataegosalelgetzal igaspid¢ and e ail
openi ng portio af %hefcas% 4 is sealed wmth a seal an The capacitor

el ement 1 coﬁf&ﬁ EBTi Rt RBMREY AV S BEsBPSE2FE°M'n2 et § ﬁ?gf a“wound

sheet-1i ke | appnat.iea®@e.The | am nate 20 conprlses as shown in the draw ng,
an alum num foil ¢anade) 2% h?é kng gg ?éhg %ngzgegg ?e ﬁgtlre surface
t hereof, an alunmi numfoil ef 3, i'rs separa rel ease paper)

24 |nterpose@rBé?WeeﬁF39nﬁﬁé§e ékeéVnoﬁéét andlér§eb@ﬁélseﬁapator (rel ease

paper)3@s. Tttetfrbrasttls%qeat:ehoexaéba@d ahhensegand h§@96@@§10"ab35r5@¥loae the
sanme or diff rent but, are preferably i ew of the production

t he
process and COOFLLPRe ifed ﬁdcgéﬁapétérC?§Vﬁﬁ§188aﬂgynﬂae?ronta usual
i nsul ati ng feﬂmpt&blwklwtsb&umeeess&ryowTheteapaomtemtebeaentfbr|sse
|npregnated t l.ectr I & il lus t | ectrol ytic
capaci t or \Mn % % %&0%1%%f a%ﬁg REST4 %5% Bnflot
Wire- penetra@ﬂﬁgbhdl@nﬁomaumﬂaﬂﬂ @gsatuéédomqny hydriegesbgatso conduct

seal i ngs the%@é&régﬁeﬁﬂﬁﬁdﬂtﬂhgew%@%nanoBQ%%EO%fORaE%% Q%SQO%IB% provi ded
with a curl 14 to enhance a sealing strength of the seal ant.

el ectrol yti c “eFd 6r "SHEWPSEdFiogs the éﬁ&vfn6aﬁnbéhﬁr@Gﬁ@é&Olﬂﬁﬂcexanple
by the fol | owolg girecedurthenFivhe el taade ifoidapasiersa nsapppdaaedilmis
provi ded over the entire surface, by anodizing the surface, of a

hi gh-purity alumnumfoil as a raw material, and a 10 cat hode fil m whose
surface area is increased by etching e the surface are nmade. Then, the
resulting anode foil and cathode foil are disposed facing each other and a
separator (release paper) is interposed between those f=_1ns to forma

| am nate, thereby making an element with 15 a structure obtained by w ndi ng
this | am nate, that is a capaC|tor elenent Subsequently, the resul ting

T 1 .




19 March 2005 - 21 1 below were obtained. To evaluate characteristics of
working life of the respective electrolytic capacitor, an initial value
(characteristic value imediately after production of a gg@ﬁ hq@bsand a
characteristic value 5 after the capacitor was allowed t hi gh
tenperature (lapse of 1000 hours at 105C tunder application of a rated

vol tage were neasured wth respect tc~ the capacitance, tan b. and | eakage
current. As undesuhigh neaspe edt vaé UeSnast dessr fbedai hodgbperiodedbow 10 were
obtai ned. E:{ les 2 to 10 The sane procedure as in Exanple 1 was

repeat ed, e:~ccépt that in this exanple, conpositions of the electrolytic
sol ution were changed as described in Table 15 1 bel ow. The results of
characteristic tests are sugpgkigedrbNofabhé 1,PehPYenConparative Exanpl es
1 to 3 The sane procedure as I n Exanpl ed was repeat ed, _except that_in this
exanpl @, for the TRRpRFEEBAtpLRPBRELICRONASNPEED éﬁﬁﬁBBﬁHSQﬁg EPi APh%Bed
fromthe el echéohpdie §ﬁbbl1éﬂ§ apdthbaprcoppast)i @na eh bbgeetectrol ytic

sol ution merg chan?e descri.hed in Iabge } QelomL The rNguIts of
char act eri st FRST &8 lﬁr OsBRRuFFGedni RLFSHF RIY T HEI BREUELTB MAPENISBO5 - 22
ov ~ ~~ C oinoam~elédfplyoitJcapbibitddN €hiok] hbsNa NNMrimﬁhdﬁhce, 0~

Kﬁﬁkﬁtplp~ rogkLg§585?entiTo& tgﬁgg Frure %g%ﬁigﬁg§ exgzggsed b ahU~L~ LO
~U ~C1® Hro avrppig ofjap' mNed@@e@oatr éow~temawra§ugel tR that' at
normal temperature, along with good characteristics of
working life, and also it can exhibit an excellent
hydrogen gas absorption function even when an
electrolytic sqlution contains a highly increase amount
15 of water in its mixed solvent or when an electrolytic
capacitor is used under high temperature conditions.

Another object of the present invention is to
provide an electrolytic cépacitor using the electrolytic
solution of the present invention, specially an aluminum

20 electrolytic capacitor.

These objects as well as other objects of the
present invention will easily become apparent from the
following detailed description.

In one aspect thereof, the present invention resides

25 in an electrolytic solution for use in an electrolytic
capacitor, comprising a solution containing a solvent
consisting of 20 to 80% by weight of an organic solvent
and 80 to 20% by weight of water, and at least one
electrolyte selected from the group consisting of a

30 carboxylic acid or a salt thereof and an inorganic acid
or a salt thereof, having added thereto at least one
nitro compound selected from the group consisting of
‘nitrophenol, nitrobenzoic acid, dinitrobenzoic acid,
nitroacetophenone and nitroanisole.

35 In the electrolytic solution of the present

‘ invention, the nitro compound can exhibit an excellent

hydrogen absorption function in combination with the
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remarkable functlon, two or more nitro compounds are used
in combination, more preferably.

5 When the nitro compound is added to the electrolytic
solution of the present invention, the nitro compound is
added in the amount of 0.0l to 5% by weight based on the
total amount of the electrolytic solution.

The organic solvent to be used, along with water, to

10 form a mixed solvent is a protic solvent, an aprotic
solvent, or a mixture thereof. That is, the protic
solvents and aprotic solvents may be used alone or two or
more kinds of them may be optionally used in combination,
respectively. The protic solvent is preferably an

15 alcohol compound, while the aprotic solvent is preferably
a lactone compound.

The carboxylic acid or salt thereof to be used as
the electrolyte in the electrolytic solution of the
present invention is preferably at least one selected

20 from the group consisting of formic acid, acetic acid,
propionic acid, butyric acid, p-nitrobenzoic acid,
'Salicylic acid, benzoic acid, oxalic acid, malonic acid,
succinic acid, glutaric acid, adipic acid, fumaric acid,
maleic acid, phthalic acid, azelaic acid, citric acid and

25 hydroxybutyric acid, and ammonium, sodium, potassium,
amine and alkyl ammonium salts thereof.

The inorganic acid or salt thereof which is also
used as the electrolyte is at least one selected from the
group consisting of phosphoric acid, phosophorous acid,

.30 hydfophosphorous acid, Eoric acid, sulfamic acid, and
ammonium, sodium, potassium, amine and alkyl ammonium
salts thereof.

In additi;n to the nitro compound, additives
selected from the group consisting of the following

35 group:

(1) a chelate compound,

(2) saccharides,
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(3) hydroxybenzyl alcohol and/or L-glutamic-
diacetic acid or a salt thereof, and
(4) gluconic acid and/or gluconic lactone
may be optionally contained in the electrolyte of the
5 present invention. These additives may be used alone, or
two or more kinds of them may be optionally used in
combination.
In anothef aspect thereof, the present invention
resides in an electrolytic capacitor comprising an
10 ‘electrolytic solution for use in an electrolytic
capacitor which comprises a solution containing a solvent
consisting of 20 to 80% by weight of an organic solvent
and 80 to 20% by weight of water, and at least one
electrolyte selected from the group consisting of a
15 carboxylic acid or a salt thereof and an inorganic acid
or a salt thereof, having added thereto at least one
nitro compound selected from the group consisting of
nitrophenol, nitrobenzoic acid,'dinitrobenzoic acid,
nitroacetophenone and nitroanisole.

20
Brief Description of the Drawings
Figure 1 is a sectional view showing one preferred
embodiment of the electrolytic capacitor according to the
present invention, and
25 Fig. 2 is a perspective view showing the
constitution of a capacitor element of the electrolytic
capacitor shown in Fig. 1.
Best Mode for Carrying Out the Invention
30 As described above, the electrolytic solution for an
electrolytic capacitor according to the present invention
is characterized by containing:
at least one nitro compound selected from the
group consisting of nitrophenol, nitrobenzoic acid,
35 dinitrobenzoic acid, nitroacetophenone and nitroanisole,

in addition to a solvent consisting of 20 to

80% by weight of an organic solvent and 80 to 20% by
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group consisting of a carboxyllc acid or a salt thereof
and an inorganic acid or a salt thereof.

5 In the electrolytic solution for an electrolytic
capacitor according to the present invention, a solvent
containing a highly increased amount of water, which
consists of a mixture of an organic solvent and water, is
used as the solvent for dissolving the electrolyte.

10 As described above, protic solvents or aprotic
solvents are used alone or, optionally, in combination.
Examples of preferred protic solvent include alcohol
compound. Specific examples of the alcohol compound used
advantageously herein include, but are not limited to,

15 monohydric alcohol such as ethyl alcohol, propyl alcohol,
and butyl alcohol; dihydric alcohol such as ethylene
glycol, diethylene glycol, triethylene glycol, and
propylene -glycol; and trihydric alcohol such as glycerin.
Examples of preferred aprotic solvent include lactone

20 compounds. Specific examples of the lactone compounds

used advantageously herein include, but are not limited
to, y-butyrolactone and other intramolecular polarizable

compounds. When using at least one solvent selected from
the protic and aprotic solvents in the practice of the

25 present invention, more specifically, one protic solvent
may be used, ohe aprotic solvent may be used, plural
protic solvents may be used, plural aprotic solvents may
‘be used, alternatively a mixed solvent of at least one
protic solvent and at least one aprotic solvent may be

30 used.

In the electrolytic solution of the present
invention, water is added in addition to the above-
described organic solvents as the solvent component.
Particularly, the present invention differs from a

35 conventional electrolytic solution in that a

comparatively large amount of water is used. According

to the present invention, by using such a solvent, the
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normal temperature. A content of water in the
electrolytic solution is preferably within a range from
20 to 80% by weight, and an organic solvent 1is contained
as a balance. When the content of water is smaller than
20% by weight and when the content of water exceeds 80%
by weight, the degree of depression in solidifying point
of the electrolytic solution becomes insufficient,
thereby making it difficult to obtain good low-
temperature stability of the electrolytic capacitor. A
preferred content of water in the solvent is within a

-range from 30 to 80% by weight, and a most preferred

content of water in the solvent is within a range from 45
to 80% by weight.

As the electrolyte in the electrolytic solution of
the present invention, an organic acid, particularly
preferably a carboxylic;acid or a salt thereof, and an
inorganic acid or a salt thereof may be used. These
electrolyte components may be used alone, or two or more
kinds of them may be used in combination.

Examples of carboxylic acid which can be used as the
electrolyte component include, but are not limited to,
monocarboxylicvacid such as formic acid, acetic acid,
proplonic acid, butyric acid, p-nitrobenzoic acid,
salicylic acid, and benzoic acid; and dicarboxylic acid
such as oxalic acid, malonic acid, succinic acid,
glutaric acid, adipic acid, fumaric acid, maleic acid,
phthalic acid, and azelaic acid. Carboxylic acids having
a functional group such as hydroxyl group, for example,
citric acid and hydroxybutyric acid may also be used.

Examples of the inorganic acid which can also be

used as the electrolyte component include, but are not

limited to, phosphoric acid, phosophorous acid,
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apparent fromthe results described in Table 1, the resist]i t he
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t he Conparative Exanples and the speciHil® resistance is 5 snmaller than that

of a conventional electrolytic solution. Al though the specific resistance
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voltage (160 to 500 volts) type electrolytic capacitor in
a conventional electrolytic capacitor in view of the
conductivity. However, when using electrolytes in
combination, like the present invention, the electrolyte

30 can also be used advantageously in a low-voltage (lower
than 160 volt) type electrolytic capacitor.

The amount of the electrolyte used in the

electrolytic solution of the present invention can be
.appropriately determined depending on various factors

35 such as characteristics required to the electrolytic
solution and the capacitor obtained finally, kind,

compositions and amount of the solvent, and kind of the
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elecfrolyte. As described abové, when using the
inorganic acid-based electrolyte in combination with the
carboxylic aciQ—based electrolyte, the amount of the
inorganic acid-based electrolyte contained in the mixed
5 electrolyte can vary within a wide range, but the
inorganic acid-based electrolyte is preferably contained
in the amount within a range from about 0.1 to 15%, by
weight, based on the total amount of the electrolyte.
The electrolytic solution of the present invention
10 is characterized by further adding, as an additive, at
least one nitro compound selected from the group
consisting of a nitrophenol such as p-nitrophenol, a
nitrobenzoic acid such as p-nitrobenzoic acid, a
dinitrobenzoic acid, a nitroacetophenone such as p-
15 nitroacetophenone and nitroanisole, to an electrolytic
- solution of the above-described specific compositions,
that is, an electrolytic solution comprising an agqueous
mixed solvent consisting of 20 to 80% by weight of an
organic solvent and 80 to 20% by weight of water, and at
20 least one electrolyte selected from the group consisting
of a carboxylic acid or a salt thereof and an inorganic
acid or a salt thereof.
| In the present invention, a particularly hydrogen
gas absorption function could be confirmed when using the
25 above-described group of nitro compounds, but the actual
reasons have not yet been clarified. However, it is
considered, based on the present inventors' experience,
that a large factor is in that substituents contained in
each nitro compound exhibit the hydrogen gas absorption
30 function at different timings. The nitro compound used
herein can also have a function of inhibiting corrosion
of the element caused by a function of a halogenated
hydrocarbon usgd on washing of a printed circuit board,
for example, trichloroethane (a halogen capturing
35 function, in other words).
When the nitro compound is added to the electrolytic
solution of the present invention, the nitro compound can
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of the present invention are employed in the electrolytic
5 solution itself. According to the present inventors'
finding, a more preferred function can be expected from
using two or more nitro compounds in combination. It is
generally recommended to use two nitro compounds in
combination. The nitro compound is preferably added in
10 the amount within a range from 0.01 to 5% by weight based
‘on the total amount of the electrolytic solution. When
the amount of the nitro compound is smaller than 0.01% by
welght, an expected function is hardly obtained. On the
other hand, even when the amount exceeds 5% by weight, a
15 further improvement in expected function cannot be
expected and a deleterious influence is sometimes exerted
on the other characteristics.
The use of the nitro compound will be described in
more detail below. The'absorption function of the
20 hydrogen gas generated on the reaction between aluminum
and water is liable to be lowered with the increase in
amount of watef in the solvent when using the nitro
compound alone, as was described in the item entitled
"Background Art". This lowering tendency becomes drastic
25 in the case where the electrolytic solution is subjected
to high temperature conditions. However, problems caused
by using these nitro compoﬁnds alone can be solved by
using two or more nitro compounds in combination, as in
the present invention. Actually, in case of the
30 electrolytic solution of the present invention, the
hydrogen gas absorbability can be maintained under high
temperature conditions for a longer period of time, than
in the case where these nitro compounds are used alone,
by using plural nitro compounds.
35 An excellent function in absorption of the hydrogen
gas according to the present invention could also be

confirmed in a relation to the electrolyte used in
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combination. In a conventional electrolytic solution,
the procedure of adding only one nitro compound to only a
carboxylic acid-based electrolyte, or adding only one
nitro compound to only an inorganic acid-based
electrolyte has been employed. However, a satisfactory
hydrogen gas absorption function cannot obtained by the
procedure in case where the amount of water contained in
the solvent 1s large, and the same results are obtained
in an electrolytic solution wherein both of a carboxylic
acid-based electrolyte and an inorganic acid-based
electrolyte are present. 1In case of the electrolytic
solution of the present invention (using only one nitro
compound), the hydrogen gas absorbability could be,
surprisingly, maintained for a longer period of time than
the case where nitro compounds are used alone even in
case of the carboxylic acid/inorganic acid mixed
electrolytic solution.

The electrolytic solution of the present invention
can optionally contain, as an additive, components other
than those described above. Preferred additives include,
for example, the following compounds.

(1) Chelate compound, for example, ethylenediamine-
N,N,N',N'-tetraacetic acid (EDTA), trans-1,2-
diaminocyclohexane-N,N,N',N'-tetraacetic acid,
monohydrate (CyDTA), N,N-bis(2-hydroxyethyl)glycine
(DHEG), ethylenediamine-N,N,N',N'-
tetrakis(methyienephosphonic acid) (EDTPO),
diethylenetriamine-N,N,N',N",N"-pentaacetic acid (DTPA),

'1,3-diamino-2-hydroxypropane-N,N,N' ,N'~tetraacetic acid

(DPTA-OH), ethylnediamine-N,N'-diacetic acid (EDDA),
ethylenediamine-N,N'-bis(methylenephosphonic acid),
hemihydrate (EDDPO), 0,0'-bis(2-
aminoethyl)ethyleneglycol-N,N,N' , N'-tetraacetic acid
(GEDTA), N-(2-hydroxyethyl)ethylenediamine-N,N', N'~
triacetic acid (EDTA-OH) and others. The chelate

compound is preferably added in the amount within a range

from 0.01 to 3% by weight. Such a chelate compound can
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to inhibition of the hydration reaction of an aluminum
(Al) electrode foil of a low-impedance capacitor,
improvement in low-temperature stability of an
electrolytic capacitor (a change between an impedance at
normal temperature and that at low temperature decreases
because the solvent has compositions close to those

corresponding to a non-frozen state), and improvement in
corrosion resistance.

(2) Saccharides, for example, glucose, fructose,
xylose, galactose and others. The saccharides are
preferably added in the amount within a range from 0.01
to 5% by weight. These saccharides can exert effects
such as prolongation of a working life due to inhibition
of the hydration reaction of an aluminum electrode foil

of a low-impedance capacitor, inhibition of decomposition

‘or activation of an electrolyte (e.g. carboxylic acid)

due to the addition of saccharides, and improvement in
low-temperature stability of an electrolytic capacitor (a
change between an impedance at normal temperature and
that at low temperature decreases because the solvent has
compositions close to those corresponding to a non-frozen
state).

(3) Hydroxybenzyl alcohol, for example, 2-
hydroxybenzyl alcohol,'L;glutamic—diacetic acid or a salt
thereof and others. This additive is preferably added in
the amount within a range from 0.01 to 5% by weight.

Such an additide can exert effects such as prolongation
of a working life due to inhibition of the hydration
reaction of an aluminum electrode foil of a low-impedance
capacitor, and improvement in low-temperature stability
o an electrolytic capacitor (a change between an
impedance at normal temperature and that at low
temperature decreases because the solvent has

compositions close to those corresponding to a non-frozen
state).

The above-described compounds (1) to (3) can exhibit
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various remarkable effects by adding them to the
electrolytic solution of the present invention, and
almost all of the effects can be expected even in case
where no nitro compound is contained in the electrolytic
5 .sclution. According to the present inventors' study,

these excellent effects can be obtained by using at least
ore of the above compounds (1) to (3) in combination with
gluconic acid or gluconic lactone described below.

In addition to the above-described additives (also

10 including the case where nitro compounds are added
alone), the electrolytic solution of the present
invention can optionally contain:

. (4) gluconic acid and gluconic lactone alone or in
combination. This kind of the additive is preferably

15 added in the amount within a range from 0.0l to 5% by
weight. Gluconic acid and gluconic lactone can further
exert remarkable effects such as improvement in corrosion
resistance, in addition to functions, which are specific
to the present invention, such as prolongation of a

20 working life of an electrolytic capacitor, improvement in
low-temperature stability and excellent hydrogen gas
absorption function, by containing them in the
electrolytic solution of the present invention.

In addition to the above-described additives,

25 additives conventionally used in the field of aluminum
electrolytic capacitors and other electrolytic capacitors
may also be added. Preferred conventional additives
include, for example, mannitol, a silane coupling agent,
a water-soluble silicone and a polyelectrolyte.

30 The electrolytic solution of the present invention
can be prepared by mixing and dissolving the above-
described various components in an arbitrary sequence
according to a conventional procedure or a modified
procedure thereof. For example, the electrolytic

35 - solution can be simply prepared by preparing a solvent

containing a highly increased amount of water as a

mixture of an organic solvent and water, and optionally
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anode foil and a separator disposed between the anode

fcil and the cathode foil, and the electrolytic solution

of the present invention.

10 The electrolytic capacitor of the present invention
is more preferably an aluminum electrolytic capacitor,
and most preferably an electrolytic capacitor comprising:

‘a capacitor element formed by winding an anode
foil consisting of an aluminum foil and an anodized film

15 appearing on the surface of the aluminum foil, and a
cathode foil made of the aluminum foil, via a release
paper, so that surfaces of both foils face each other;

an electrolytic solution of the present
invention;

20 a case or casing containing the capacitor
element and the electrolytic solution; and

an elastic sealant with which an opening
portion of the case is sealed.
In the electrolytic capacitor of the present

25 invention, because the electrolytic solution of the
present invention is used, the functions of improving
low-temperature stabiliﬁy based on a mixed solvent of an
organic solvent and water, the hydrogen gas absorption
function based on addition of a nitro compound, and

30 prolongation of a working life and reduction of impedance
based on inhibition of ‘the hydration reaction due to use
of a specific electrolyte, can be attained.

The electrolytic capacitor of the present invention
is preferably formed in such a manner that a capacitor

35 element is formed by winding an anode foil, wherein the

surface of an etched aluminum foil is anodized, and a

cathode foil made of the etched aluminum foil, via a
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other, and an electrolytlc solution of the present
invention are contained in a case, and an opening portion
of the case containing the capacitor element is sealed
with an elastic sealant.

Figure 1 is a sectional view showing one preferred
embodiment of the electrolytic capacitor of the present
invention, and Fig. 2 is a perspective view, enlarged
partially in the thickness direction, which shows a
capacitor element of the electrolytic capacitor shown in
Fig. 1. Although the embodiment shown in the drawings is
“an electrolytic capacitor with a wound structure, various
changes and modifications may be made in the electrolytic
capacitor of the present invention without departing from
the spirit and scope thereof. Of course, electrolytic
capacitors other than the electrolytic capacitor with a
wound structure are included in the scope of the present
invention.

The illustrated electrolytlc capacitor 10 is a chip-
shaped aluminum electrolytic capacitor and has such a
structure that a capacitor element 1 impregnated with an
electrolytic s?lution 1s contained in a metal case 4 and
an opening portion of the case 4 is sealed with a sealant
3. The capacitor element 1 contained in the metal case
1s in the form of a wound sheet-like laminate 20. The
laminate 20 comprises, as shown in the drawing, an
aluminum foil (anode) 21 having an oxide film 22 over the
entire surface thereof, an aluminum foil (cathode) 23, a
first separator (release paper) 24 interposed between
these electrodes, and a second separator (release paper)
25. The first separator 24 and the second separator 25
may be the same or different, but are preferably the same
in view of the production process and cost. The second
separator 25 may be formed from a usual insulating film,
if it is necessary. The capacitor element 1 is
impregnated with an electrolytic solution.

In the illustrated electrolytic capacitor 10, the
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a lead wire 2, thereby to conduct sealing, therein. The
end of the opening portion of the case 4 is provided with
a curl 14 to enhance a sealing strength of the sealant.

The electrolytic capacitor shown in Figs. 1 and 2
can be produced, for example, by the following procedure.
First, an anode foil, wherein an oxide film is provided
over the entire surface,:by anodizing the surface, of a
high-purity aluminum foil as a raw material, and a
cathode film whose surface area is increased by etching
the surface aré made. Then, the resulting anode foil and
cathode foil are disposed facing each other and a
separator (release paper) is interposed between those
f:lms to form a laminate, thereby making an element with
a structure obtained by winding this laminate, that is, a
capacitor element. Subsequently, the resulting capacitor
element is impregnated with an electrolytic solution and
the capacitor element impregnated with the electrolytic
solution is contained in a case (generally made of
aluminum), as described above, and then an opening
portion of the case is sealed with a sealant. Two lead
wires are inserted into a lead wire-penetrating hole of
the sealant, thereby to completely prevent leakage of the
electrolytic solution.

The electrolytic capacitor of the present invention
will be described in more detail hereinafter.

The aluminum foil used as the anode foil and cathode
foil is preferably an aluminum foil having high purity of
99% or more. The anode foil can be preferably formed by

'electrochemically etching the aluminum foil, anodizing it
to form an oxide film on the surface, and atﬁaching a
lead tab for connecting an electrode. The cathode film
can be formed by etching the aluminum foil and attaching
a lead tab for connecting an electrode. This cathode
foil may not be anodized.

The capacitor element can be obtained by winding the

anode and cathode foils, formed in the above steps, via
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The release paper used in the production of the
capacitor element is not specifically limited, but 1is
preferably a paper produced by using as a raw material a
naturally produced cellulose material, for example,
Manila hemp and raw pulp. As the release paper, for
example, there can be advantageously used a paper
produced by passing the raw pulp through a dust removing
process, a washing process, a beating process and paper-
making process. A paper derived from synthetic fibers
can also be used, however, such a paper is not preferred
because it is inferior in heat resistance and corrosion
of the capacitor is caused by halogen ions contained in
the paper.

The sealant used in the electrolytic capacitor of

the present invention can be formed from various

‘materials used usually as far as the material has high

hardness and proper rubber elasticity, and it is also
impermeable to an electrolytic solution and has good
airtightness for the sealant. Preferred sealant material
includes, for example, elastic rubber such as natural
rubber (NR), styrene-butadiene rubber (SBR), ethylene-
propylene terpolymer (EPT), and isobutylene-isoprene
rubber (IIR). The isobutylene-isoprene rubber (IIR) is
preferably used because the airtightness is high and the
e_ectrolytic solution does not penetrate in the form of
vapor. Vulcanized IIR having more excellent heat
resistance, for example, sulfur-vulcanized, quinoid-
vulcanized or resin-vulcanized IIR is used more
preferably, and the resin-vulcanized IIR is particularly
preferred.

In the practice of the present invention, a hybrid
material obtained by laminating a resin material plate
having sufficient airtightness and strength (e.g.
fluorine-contained resin plate such as PTFE plate) can be

advantageously used in place of the above-described

WO Trl 11N 11 roro wiN~"~Nv
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Examples
The following Examples further illustrate the
5 present invention in detail. ©Note that these examples

-are to be construed in all respects as illustrative and
not restrictive.

Example 1 ,
An aluminum electrolytic capacitor with a wound
10 structure was produced in accordance with the following
procedure. '

First, an aluminum foil was electrochemically
etched, followed by anodizing to form an oxide film over
the -entire surface of the aluminum foil, and then a lead

15 tab for connecting an electrode was attached to make an
aluminum anode electrode. Another aluminum foil was also
electrochemically etched and a lead tab for connecting an
electrode was attached to make an aluminum cathode
electode. Subsequently, a capacitor element was made by

20 interposing a separator (release paper) between the anode
foil and the cathode foil, followed by winding. The
capacitor element was impregnated with an electrolytic
solution whose compositions are shown in Table 1 below
and contained in an aluminum case with a base so that the

25 lead tab for connecting an electrode protrudes out of the
case, and then an opening of this case was sealed with an
elastic sealant to make an electrolytic capacitor with a

wound structure (10WvV-1000 ur).

The specific resistance at 30°C of the electrolytic
30 solution used in this example was measured to obtain
measured values as described in Table 1 below. After an
impedance at low temperature (-40°C) and an impedance at
normal temperature (20°C) of the electrolytic capacitor
thus obtained were measured, an impedance ratio (ratio 2)
35 expressed as a ratio of the respective measured values
- was determined at different frequencies: 120 Hz and 100

kHz. As a result, measured values as described in Table
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orklng life of the respective electrolytic capacitor, an

initial value (characteristic value immediately after
production of a capacitor) and a characteristic value
after the capagitor was allowed to stand at high
temperature (lapse of 1000 hours at 105°C) under
application of a rated voltage were measured with respect
to the capacitance, tan § and leakage current. As a

result, measured values as described in Table 1 below
were obtained.

Examples 2 to 10

The same procedure as in Example 1 was repeated,
except that in this example, compositions of the
electrolytic solution were changed as described in Table
1 below. The results of characteristic tests are
summarized in Table 1 below.

Comparative Examples 1 to 3

The same procedure as in Example 1 was repeated,
except that in this example, for the comparison purpose,
a nitro compound was eliminated from the electrolytic
solution and that compositions of the electrolytic
solution were changed as described in Table 1 below. The

results of characteristic tests are summarized in Table 1
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As is apparent from the results described in Table
1, the resistivity of the electrolytic solution except
for Example 5 is almost the same as that of the
Comparative Examples and the specific resistance is
smaller than that of a conventional electrolytic
solution. Although the specific resistance of the
electrolytic solution of Example 5 shows a large value
such as 161 Q+cm, the electrolytic capacitor is
substantially comparable with a conventional electrolytic
capacitor and is suited for practical use when generally
judged considering other characteristics. Accordingly,
the electrolytic capacitor made by using the electrolytic
solution of the present invention can realize a lower
impedance than a conventional electrolytic capacitor, or
can realize a low impeaance which is equivalent to that
of a conventional one.

It has been found that the electrolytic capacitor
using the electrolytic solution of the present invention
has a small ratio 2z and that the ratio 2z at a high
frequency such as 100 kHz is particularly reduced as
compared withsthose of the Comparative Examples. This
fact shows that the electrolytic capacitor using the
electrolytic solution of the present invention exhibits
good low-temperature stability over a wide frequency
range.

Particularly, the electrolytic capacitor using the
electrolytic solution of the present invention shows
stable characteristics under application of a rated
voltage even after it was allowed to stand at high
temperature (lapse of 3000 hours at 105°C) by adding the
nitro compound in the electrolytic solution in the amount
ranging from 0.01 to 3% by weight, and the capacitor
itself was not broken by gas generation. On the other
hand, it became impossible to use all electrolytic
capacitors of the Comparative Examples using the

electrolytic solution containing no nitro compound

because a safety-vent operated as a result of expansion
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of the case caused by hydrogen gas generation at an
initial stage before a lapse of 3000 hours. This fact
shows that a working life of the electrolytic capacitor

can be easily prolonged according to the present
invention.

Examples 11 to 19

The same procedure as in Example 1 was repeated,
except that in this example compositions of the
electrolytic solution were changed as described in Table
2 below to confirm the effect of simultaneous addition of
a chelate compound and a nitro compound. As 1is
summarized in Table 2 below, satisfactory results could
be obtained. 1In Table 2 below, the test results of

Comparative Examples 1 to 3 are also described.
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Examples 20 to 29

The same procedure as in Example 1 was repeated,
except that in this example compositions of the
electrolytic solution were changed as described in Table

5 3 below to confirm the effect of simultaneous addition of
saccharides and a nitro compound. As is summarized in

Table 3 below, satisfactory results could be obtained.

In Table 3 below, the test results of Comparative
Examples 1 to 3 are also described.
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Examples 30 to 39

The same procedure as in Example 1 was repeated,
except that in this example compositions of the
electrolytic §olution were changed as described in Table

5 4 below to confirm the effect of simultaneous addition of
hydroxybenzyl alcohol, glutamic-diacetic acid and the
like as well as a nitro compound. As is summarized in
Table 4 below, satisfactory results could be obtained.

In Table 4 below, the test results of Comparative
10 Examples 1 to 3 are also described.
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Examples 40 to 49

The same procedure. as in Example 1 was repeated,
except that in this example compositions of the
electrolytic solution were changed as described in Table
5 below to cogpfirm the effect of simultaneous addition of
a nitro compound and gluconic lactone. As is summarized
in Table 5 below, satisfactory results could be obtained.
In Table 5 below, the test results of Comparative

Examples 1 to 3 are also described.
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Examples 50 to 59

The same procedure as in Example 1 was repeated,
except that in this example compositions of the
electrolytic solution were changed as described in Table

5 6 below to confirm the effect obtained by an arbitrary
combination of various additives. As is summarized in
Table 6 below, satisfactory results could be obtained.
In Table 6 below, the test results of Comparative
Examples 1 to 3 are also_described.
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Comparative Examples 4 to 6 and Examples 60 to 62

The same procedure as in Example 1 was repeated,
except that in this example the measurement of the
characteristic value under high temperature conditions

5 (application of rated voltage, lapse of 1000 hours at
105°C) employed in Example 1 was conducted under
conditions (lapse of 6000 hours at 105°C) to confirm a
further improvement in characteristics of working life.

The results as described in Table 7 below were obtained.
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~b Ny I O~ In Table 7, Comparative Examples 4 to 6 respectively

correspond to Comparative Examples 1 to 3, while Examples
60 to 62 respectively correspond to Examples 1, 3 and 9.
As is apparent from the results, it becomes impossible to
5 use all capacitors of Comparative Examples 4 to 6 using
an electrolytic solution having added thereto no nitro
compound, whereas, capacitors of Examples 60 to 62 could
be used even after 6000 hours had passed although a
reduction in capacitance was recognized. Surprisingly,
10 it has been found that characterlstlcs of working life of
the electrolytic capac1tor are further improved by using
a carboxylic acid or a salt thereof as an organic
electrolyte i? combination with an inorganic acid as an

inorganic electrolyte.
15

Industrial Applicability
As described above, according to the present

invention, there is provided an electrolytic solution,
for use in an electrolytic capacitor, which has a low

20 impedance and excellent low-temperature stability
expressed by an a ratio of an impedance at low
temperature to that at normal temperature, along with
good characteristics of working life, and also it can
exhibit an excellent hydrogen gas absorption function

25 when an electrolytic solution contains a highly increased
amount of water in its mixed solvent or when an
electrolytic capacitor is used under high temperature
conditions. Accordlng to the present invention, there is
also provided an electrolytic capacitor with high

30 reliability, which has a low impedance and excellent low-
temperature stability, along with good characteristics of
working life, and also it is free from defects due to
presence of water used as a solvent, specially an
aluminum electrolytic capacitor.
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- 51 1In Table 7, Conparative Exanples respectively correspond to
Conparative Exanples 1 to 3, while Ex‘ané{‘éi—go to 62 respectively
~correspond to Exanplles 18n3e ket Pl yAsid scdppaoentofr oset he sesults, it

becones i nposskbketroljtisecabic Lapaciddmsy iafi nqoapasatiye, Exanpl e5; 4, to 6
np

usi ng an el ect gokWhi,ens0LYL I in ed ereto no nitro conpound,
Wnereas,dgapaci tors of Exg{éi)?%:s Cfigzg’g gou-%oz E?é HeeaNEvRh A% tRFIBVOD

hours had’ pass&8-ZFCRoddA &0 redudt® dry ivwe icapacitt apcerwasnd ecogne zed.

Surprisingly, 20eitlhasrbeenefoenstddats haraet grbabi csn0fswprking life of

the el ectrol ytier68Ra6kLOL.aL€ ther inproved by using a carboxylic acid

or a salt thereof as§an o_rfgani%ge esc_elrtolty &5 SBﬁbFﬂa% PRI th aRid

i nor gani ¢ aci d°as *afi®ffiof §ahT L el wetims yadsled1 5hendust ataledppl deabi l ity As

descri bed above;taecopdbngnd os¢hecpyesRidn itheeRbap, cLheI 8.1 85 PsoVi ded an

el ectrolytic salut-bgRenb®r Wse.l el ectrol ytic capacitor, which has a

| ow 20 i npedangg. and SQCGP entr+%e\/\r?{belfr$p§rcaﬁ%rélélt‘%?g??ﬁoia%p?‘é%%ed by an a

ratio of an inpedanceaPPlolRentist diireans schat at normal tenperature,

al ong with good chaPact efhst étscofowariki ng hitfien aBd aksoihtzgan exhibit an

excel | ent hydr egeatgasyabsorption funct| 25 en.an _electrolytic solution

contains a highly increased glgrmunt %%%Ad/aft%grm‘lgn Pt%lﬁilQe&j's‘éli‘% t7 orS%hen an

el ectrol i/ti ¢ capac’t 6rTPEULS et uih REITHI NGt {toemedr awar er condé tibmse  Accor di ng

to the pfesent compenrden, there is also provided an el ectrolytic capacitor

with high 30 reliabilitygpywhigh.h J ow i.npedance and excel | ent

| owt enper at ure st abi | htﬁf along Wi th g‘&ocfoc%r‘g& PFstFes*df2thorking life,

and also it is free™PréindefdRistivie 3% Piddsence ofamat érouszd @sedein

sol vent, speci &bky nanral oohpomnel ectadled 116 caRaGhLARt 049 My ch, 2005 - s2

CLAIM5S 1. An elbgCthalwti 62804ULi O r.use in an el ectrolytic capacitor,

conpri si ?9 a sol ;{t itoE cont ay ni éﬁ% '{z;hgso en a@@ﬁé‘i“s??nf;h‘éfe%?)c*f’f)o#io%%y

wei ght of ~an of§ami-¢°8-sol vent and 80 to 30% by weight of water, and at

| east one el ectrol y#e selrast etledtam fthie: HAWR 16aNsHSt0g Of g?car boxylic
or,

acid or a salt chheregh.an organic acjd or a salt there _having
added. thereto at leas ygrl]g %lg%%é(;l%orrpaoctfnoorcgé‘lgeé‘f’eanf’r8Pr?t‘ﬂ§ grotps 1

consi sting of 16 rit FBFREABI thdi ¢Feei sicd varitd i sdanbt oobenzol ee@ej dan

ni t roacet ophen@pgoand sblrean| sot &a wixtihe eleelbrel ytic solution for use
in. an ebsgctrol yticscapagjLo rding to.claiml, wherein the nitro
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25 8, wherein the nitro compound is a combination of two or
more nitro compounds.

10. The electrolytic capacitor according to claim 8
or 9, wherein the nitroc compound is added in the amount
of 0.01 to 5% by weight based on the total amount of the

30 electrolytic'solution.

11. The electrolytic capacitor according to any one
of claims 8 ﬁo 10, comprising a capacitor element formed
of an anode foil, a cathode foil opposed to the anode
foil and a separator disposed between the anode foil and

35 the cathode foil, and the electrolytic solution.




