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111. The develsoppmgmemdasmpmdci tor

Before the devel opment of capacitol

amber with a <c¢l oth i ndeuaccehd ottihneyr . p arrt
phenomemsoddeéwval oped into the first ca
j ar in 1745 by][ &al]Glehremalnge gsdcei et g isdt s
narmewk jar partially filled with wa

through a ewntrlky, Skibtszgaeariarhpr eignnvaetnetde d

paper di electric capacitor in 1876.
dielectricle@pPawht ohs wene used in t
transmission. The first electrolytic

ohy became r edrilWddrl el IdurTmhegudlfr st pr e
supercapacitors containing porous

el ecd mioaxal doubl e | ayer charge stor a
in 1957 when Howard Becker avtkentled Ge)
t he first [d2fheer ca@mic@boiant i Ghevel and
i nvented another EDLGhcapatater acent
mat er i alagguiemuas mnsoon vent with a dissol
salt electrol gompo¥Fbd whbe Ailcd owds cov

activated carbon and a thin porous



[ 13, 18] ncli gthhenace area carbon has
common mat ercitaloc feomi c&ll e capacitors
conventional capacitors oWihregr stto it s
theopyeontiocapacitance was devel oped
1975, usiimg SRUED ect | bbb yPamiac began
mar ket idGqal didegu-b bger capacitor in 197
becmamesuceassfyl source forimemomwndbac
eventually replaced t hlel.6uld meltihaeb leeard
19906 United States Department of
funding for battery andgsiuptercapicomn
awareness of the potenti al of super
efforts have been madapiacitibe sdeeétlea
mat eeil alcs,r odsytwesl | as composites for

and redydi7fg cost



122 Energy storage mechanism

Supercapacitors or e bheaacthrascisd mieada |
el ectrochemicadpacdoublr sori{ &gaads )v e

capadietpeernsddi nghange hei or agal enetcrhade s n

materi al s. Supercapéaéeicd foalsreiccoantseids t or
conductive cauepamatedlilmcamreal ectr ol
membr ameavoWtage is applied between

el ectt bsaeheet oppoged eihytnh cnheagrh et V¥ 20 d €
attracts positive ions and the posit

from the a@atecirtealcyti ®nas

121. El echemdoabl e | ayer capacitors

I n conventional capamectove wat éoual
capacitors are composed of two met al
as aifomglpagpser The <capacitowidgthean st o
| gepl aatreea or s nedblelteme edhi stthaencpel at es .

stor e c htahreg e e lbeyat coasnu & it ¢ o n of i on
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nolfar adaacitci ve materi &ligur 4.8 ]s¥omwn 1 n
Hel mhfolptroposed t hisg armmaste | un dvehri cpho |l ar |
il ons of eorpgpe sditfef wshe via the electro
| ayer paral | e[l 1.5t]dcdhh 8mg ecll @icit cmden t h
el ectrodé&orsnsrefl eced rodbeimi eall ayer ( EI
However, the Hel mboévt ersidtcbmkIlde f Ff ag e ol
' i mi tation orfoliyotnes sionl uthieonelaencd i nt et
sol déemptol e momente.an@ouyheared eChamman
amodi fied di ffuse | ayer mo d e | in w
exponentially fromultkhei el eThreosdemode
i nsuflyeixcpieeinite hi ghly charged doubl e |
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1. 2As3y mmetri c supercapacitor

Two npaarnamaterfwmerdeval uating the el
performance o:fhdésumpaexicmpmceneonrgy dens
power den wittayph (bRe) forbdt fif éorl d devgiumg i on s

[ 1]

O WwQQQ T

o
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TY

Wher etd aipsaci t d meper &/t iirsg Vv dlhteage, a
equi val ent series resistance. The e
should be further i mproved to sati s
demah#8d.5]As shbwnazigoawadetihkensedgnsi ty is
mainly defined by the operating vol/
extehhceabpyac{ CancO®rganic el ectrolytes

vol sraggregi n3jt & rvomar e promising candi d:

high depemauyty suftfoxn chitgyh and | ow 1 oni



[ 19, 22 ,RI3tlernatively, araguedhkesapend ectr
fl amneatiggpom dec tsinva-f I [ye,eddond nkeasatyur e a
assgmphblocess. Howe vy ®w, otplee ati ng voldt
(<1.2 mMAa)dirsadviameseglby s pasplelicegme

o f capslbbec¢ewmr piitaapdseedd asymmetri c supe
hybrid supdZéppace tbesboembi mdti on
bot h -accetdioxe and EDLC maFtieruirel sl . 6asa)
[ 27, 28ehscke h jtchFasr a d ®eiacddommns one of t he
el ectrodeFar adai cnoBDLC <charge storag
opposite electrode in aesipondleamtdaVvi «
t hreedaocxt i ve el ect r oddueet rieoma ierds xc o resatcd n
t herur f ace odcttihvee rneadtoexr i al s . Therefo
pot esntmuaslt wh & hu £dd Csdailr @ ditgr o chast i a l st
of chargingRiugas F.h@hs)uilnhcirnega €end y

compamsy mmeapaci tor system
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1. 3. El ectrode materials for S

The performance of supercapacitors
andgor kitegn tpioa l rande ., guas Téhhed wanl eicnt r o
mat emugptossess the foll owing characte
conducasseVYetyrode mabe@éninalucea nvarhtitey g

el ectronenhiaamgap®r tc,apabilisyabi( )t yu
sincleectrode materials wittrmkewsgsoad st a
shri nkaegxpaaddroinmg charging/ discharg
provildomg @aycllianrggpe ¢ if fei; c (BY)r fsaicrecear e ¢
el ectrode mat efaicallsiotmaitdeth s dip ngdhv iGdseAa n d
active sitesalforeadtticod mmohldradirtei csailz e
factoarl ectrode material s. Generally,

di vided intarthwon atygadsgx t(ile mat er i al
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1. 3Calr mcreonas eri al s

Carbonaceous materials are iwidely

EDLGsxnd ar e ianbeuxnpdeanb rtvoewihlde x hi bi ti ng

good el ectrical ,aoaw weceet itwintpye,r ahtiughe S
[ 2350 n additthieossre mat eri al sa amwemirérre mi c
okl ectrol gheass i(ca smeddeidal gaarmidoor gani ¢
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activated, catr dineglleavteedd i b@j onf abri cs,

naoh u beergylr apbankanwvse beed PpoaE@ds

el ectrodes. Carbonaceous mawietrh al s &
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|l ow enerigyhipgeiact i ¢gal application.
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theors8fdal 26°BGgndery hi gh intrinsic

conductpilvawtey | ien ex hmkbc bhiaagdhdmihc al
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Figuriel l[lusstrates the preparation of

vigar a pohxiitdep 4.2 p n
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