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Abstract The harmful effects of gas emissions in the atmosphere
and the depletion of fossil fuel reserves make it inevitable to find
renewable energy sources and new energy storage and storage
technologies. One way is to find power sources for electricity
generation. Wireless power sources are still the best and most
promising way for the future of energy. Efforts to use renewable
energies such as wind and solar energy to generate stable and
quality electricity continue. These efforts continue due to the need
to store, transmit and deliver power in different stages and
conditions. Extensive research is being conducted to store
electrical energy. Some include batteries, fuel cells and some
industrial ones such as hydrophilic pumps, compressed air pumps,
magnetic superconductors and supercapacitors. Among the types
of electrical energy storage technologies, batteries and
supercapacitors are widely used and are always under study and
investigation. In the 20th century, batteries have become an
integral part of human life, but there are several limitations to
batteries. 1- Low energy density 2- Heat generation 3- Limited
cycle life, life limit, lifespan. The number of short battery cycles is
related to the length of time the redox reaction is not completely
reversible during charging and discharging. For the reasons
mentioned above, batteries alone cannot solve the problem of
energy storage. A safe and long-life device for storing high-power
energy can undoubtedly solve the problem of energy generation,
distribution and use. In the meantime, supercapacitors can be a
suitable substitute.

*Corresponding author: Masoomeh Emadi
Address: Department of Chemistry, Marv.C. Islamic Azad university, Marvdasht, Iran

Email: Ma.emadi@iau.ac.ir



https://portal.issn.org/resource/ISSN/2008-9228
https://portal.issn.org/resource/ISSN/2423-7264

Y 0, bwicf 0490 ¢ 1F+F Ll

VEVY-VYSF ;S iUl LLs Yo rA-QYYA ol L

st o U1 (sl 515 5!

‘)% ol Yongerws “ﬁ‘; Loy ‘ﬁ‘d-"‘-o-‘ doguaze
ul)._{l ‘Cmfi.)’)p ‘U‘OM‘“I .)‘)j oKl Am)g)n ..\>‘9 ‘w °9)§ A

.............................................................................................................................................

5 sdueod 55 gl (8L lud slacigw 28D (Bl (bL 5 sl )3 ) i pae Clpl paSs VY0/Y /Y'Y 1cdly s fu,b
YWANYINE 25908 5,6

VYAU/A/E 15y b

Sl 98 @le 0305 M oy Sl Qlial Bt el ) § slasil 03D 5 6)IS laisiesS
o3lil (gl a3 3l oo (53l o] (sl oly p i g (it 9 e (9 g e Al By My
4 g b LMl o) delsl cudS b g Hlub 5 W Caa by 65yl g ok wsle plasiod eyl )l
(s lS sWaojly

D9S3l ooy Sl 5 )

g ey Jto (ixio a5 (Baw b (sl ol pdm il plxl Jb )5 i Sl
033 LT GIESS gl - ML bl g blie Gbabloy pl 03,88 Glga (slacay
=) o)l dgg bas b (gl Cungame Wi Lol Wi Lplusl (S5 51 b ols crend S g 5L Y )8
o8 1S (sroygd Dl yes Job pas Cudgite wolzte pes (48 y2) S Y bo)S ddei =Y oS (65 datsly
22 03b &S Y5 4 a3l a )L 5 55 o> 3 S92y GRSy JelS (1398 phcuiSp Jgb 4 bgrpe 55k
L 535l 0 e Vo yoe Jsb b 5 ol ey S0 8 oy (551 03555 s S5 i (ol 4 (55 Yl
silgie Lol gl cal 3 48 o ) ol odlizl 5 g8 sl g8 JSie i S 0 YU (g

28l o sl

)Le D)g‘&s W&a V=) 4.0_).5.0

Dgse oy il pl sl sk 033 sl 5 Logas

O 298Il S Juad )3 (Sliwg Sl ©jge 4 L (@
g oo (Sl il Y (B ol 4 &S 295 0 0y
T b olsie 4 090 a5 5k Soalylé 035 (b

Jb 3 45 ylosk 4 93 4 (EDL) ¥ S0l cieliaa 4¥

LIy gde Al 9500 My Cg Sl g 098Ul Syt

JU 08D puilSe g Ly 56 p-)
by obondsySI slagils Jols Yol (SC) Mag;l
s o Jle gpdy ctSy Vb (il Gly & Wbe gl
a5 Sl gl 5 Slas s 2>V e e e e YU joe slads >
9 8520 033 sl L@j Jb e oy 1y Koo Sl 4y

S (S caclas oY cud)b & sl & dtunly Hb 0,83
& 5 dislae 4Y g 45 &) jgaa bwyg EDL Juo ol
= 5 bl ) 70350 e okl (gelae caclis 4Y) b (yen

138 By EDL jllo ol ol lp 1y (Joe ly
S by VY Jlo 5 5k ol s EDLal 5 0L oy

ol 4 53 S o W (oS olberdge i slo)S ool )L
5 0x3d S e SgySl laolisd ;> 03518 b 4
2 g b oo odlaiwl o g9y 9 iyl Cupde slaolKiss

VS50 by 65028 oyl 3 (a5 o]

1 s oMy g5

ma.emadi@iau.ac.ir : Syl co oyl wudzgye (oMl dl31 o8l cubngyo dnly ¢ onid 09,5 N 2 L

2 Electrical double layer

'supercapcitors



9 09,5 o EDL 55,501 s Ni(OH)2 (sloag iUl 3.0 L
238 g KEAGY I 55l cd b L]y (s pmn slagjl
3 298 (oo onled (spbpl) ol Ll pU 4 & ()50 Jke
ol 015 1J g LEDLC L oy — (sl (65l oS 5
b5 ooy b 3Bl dlge 9 WL (651 atuily b (6L dlge a8 5
03,8 e 9 4]y (93bj drg GYsb jes sln B2 g o0l
S A sl ad > ehpue bleg cpl e ol ol
VO B .
ST SOP odby ey

k3B pl o, Sdles L5, Y
Jo IS byl Jols ol el ds alisg 4 SC s Sloe
sg0 b3yl Res (Vg ST sy canglio g Vo Joe 51y L1
9 Cuol 5550 L 9 O‘5§ 3 Sles a8 RS yolyl dw C)i‘
il A el Lyl
e gbrogad 5 Mods ‘-5_'>‘)Jo Wl 3|9o 3,Ses ol sl Ll
D35 )18 g 390 Cumlioe gyt slayiel)ly il
il g 3)Sdas )bl plo sl (pazio (g (98 b
Gl o asude V=Y Jodo 50 Clls o i 3,105 3939

S5 0311 (gl yog, =¥
&l as > gl Y Y
P) i g e 29750 Gy Jpuilty SlS 2 gyeldy bl
») @ 295 9 5 098Ul G by (395801 95 b s
Gy B0 g (dad Djgo 4 (99580 A sl e
Sy Sy 4 & D9 oo MVST ooy Juuilty youis
Dgus oo anlis (V) Sl
o3l Jos Joily b g Jouily 0oy 0l Jlosl Jouily 035300
o i g Cute Sl Jlosl > 5> (slaland (b2 358 0
D9 (o)l LSy (lendy Sl Sles ool
AL (V) ity G (B) ol (oo S50 @ o ool
oaBdl jglate 4 D9d e () Gloj s il b ol
j e PC 5 LEDLC a5 ls SC lge 5l )b 053 pauilSlo
63958 s wiam b7 (CV) s i (6 y0ldg a0 ;50085
Oy o & Gloms gl Bl gy rpicalie (9395l
dgo sly &S oygb a3l 0 CV e JS5 51 5,8 U
&S Jb > wawl etue CV IS5 PC slge yuiw ¢ EDLC
CuiSp ad 4 s O WSy, S PC slge an lp
a CV oo JS ) eoliel b g Lol gd 0 odnlin il
o5 53,8 ololis |, EDLC 5 PC sls olg s e
clis

¢ Cyclic voltametery

b Jlb oS Sl (Sl dislaa Y o58) EDLC
Aab o3y 5 4 5 s lgie 4y ples ol > YL o

) s sl (6550 Wlg o LEDLC ol jlaw adaw JJb
do ) (il 03D B b Jseme slail ay s ()1 s
s ] 0583 lasls acd )3 S 0,8 35y Se b oSy
o 033d Sl g 4 )l S ol 258 e o 39Sl
o 33 Solils b 0yd sl als o Sioliunge s JoYay g
by ol 4 iy o (5 g 2 e (oS0 cielite Y
P& 23l dq/dV siie aaly & vy b b a5 Sjl ony
Sl SB Cadyls Jolre Lol

5 el gl Aty 3 5L 5L gocie tlie JS5 L350
PCSY il s slp s p plSsaldy bt S5
25 Byme T Sl bawg SOl b Syl g oo o3y LS
@ 39S b g pdaw 5,5 o> 53 sl MNO2 , MOy
095l i by 9 Ol b oS g oo 0alS Sl GuluST 2ue
5B cpe 0 bl e olyer 34l o5 o 40 g Sl
Wl oy casS Wals STy

OB g al5 b 085 Ul Y-
C g

283015 sl 93 0 sy BSC WIS 505 o5 s
@ Wlg oo Sglite (glacuns b SC ) pule g3yl ML e
Lok opsd (AC) Tl 8 b b EDLC Juo
Jols (slbog,S b AC s 55 bl 3550 plosl EDL JiSts
D9biee |2l o (o 1S9y SloediSTy Sl pan (jams]

EDL (slaog sl Giliseo lgil a8 5 b oy sloil oo
o)A>.) u)u}: .)W )?.Luo L d).:l.: LsL&:.)s)..S” l.» b‘)ahh: LQPC LJ 9
Vel o S Yl ol 3 Skt (53485 S o 53 5 555
.\\

s (LIC)LT g (slagils syt (slapioses (35 03,08
&b iy blS dlge Li4Tis012 Jbia Sl 51 oolawl b &S
o bl aie 39,580 laie a4 AC 5 cuto 39,580 lgie o
ol o aslus Li* aoblbl? A.L.my )Lg b)..a}.) RARARY

Gan polate &) wyyisenlS 5 2D laag S ) anwy K 1,40
ol gy (i¥ly 2z b g O lagesls oISl b alie

ARY

! Electric double layer capacitors
2 pseudocapacitors

3 Trasatti

*active Carbon

3 intercalation



Wy By Sloj kol (g b g 5)La> 5 5L o Sloj alols
Jey Sope (2ol Cond 4y Wloee (3L b Vo S
S5 g0 3l (S) ploj o B Jiwiliy (sio ) ]
Vo, Res, Jols &8 bSC Lol yol )b 4w 2 CCCD s )
Slosad ol (oo el 4w onl 5l g a4l (o casss el Cr
Gy Sa ol il il (loj ol e 1) S0
slaolSios s 2 )l Olsie ormen gl sy Gl
o 958 A i ) o3liil b puismeds 3,8 adlllas 1, SC
SColge Jomsly 0y 9 50y Sy 0y 3B byl g
M35l Cannts |,

oy SN uiligel (8w i) 7Y

(EIS)"
o A5l S S (6 Sy il s Sy loie 4 EIS
G b e ) e ol puilael o 0 oS gl
o S0 2 4 (OMV) o5 abels L altio 1y b)) 8 alssy
4 Job ld 298 (gwyp ol 0dd g b b sty
538 gy o 1y Jo gl &8 Tok mie G 53 (aliend S0
S Cwdpll (oxie by dgdie muy M3 (Ui 3
a3 Ui 4t pdaw S 3 1y Jo (il
cadd gl Wl (oo BIS uilaal 5 sl (iS85 09dle
9> 4 9 995 ol b 0y il g e Jlil )l JUasl
1135 e ]y Ol Slogad 5 Gl i cd b Ol

SIS gLasly -2
Cud b
SoSIl b lade sl S o B uaw o Cr J s,

KW PP W I H PRV WIS X W o):.,'>:>
— Ae
Cr=7 0
SC olSzus JS 5l 0ysd bl 48 olKin g5 oyl
D o 0300 a3 Al Jlas 3590
5 asl 5 de 5 g dlge b ey LUlg oS elSin Ll
D9 oo o3l T S 059 S5 cud il eyl
AQ
s= oo ™
29580 Slge ofsg paw 5 > e Mg o IT & Glo
o bl b I (gl 00 S 5)lge 4 295 b Cg il
(MF oxs Jlop cud s (F ML) oo s b o(F g1)
(Fem?) s cdbo 5 (Fem?) oo cod o cm2)

Tagd oo okilgs

Cr ;)

2 Electrochemical Impedance Spectroscopy
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