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Abstract : We have fabricated the supercapacitor composed of porous activated carbon,
metal-organic framework (MOF) with polymer based solid state electrolyte as a “ion gel” and
characterized its electrochemical behaviour as a function of the MOF contents. The electrochemical
properties of the supercapacitor were analyzed via cyclic voltammetry(CV), electrochemical impedance
spectroscopy(EIS) and galvanostatic charge/discharge test. As a results, the supercapacitor based on
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porous activated carbon/MOF composite showed the highest capacitance value at 0.5 wt% of MOF

contents and decreased capacitance with increase MOF contents over the 0.5 wt%. Consequently, the

porous activated carbon/MOF composite based supercapacitor is applicable to various aspect for

energy storage device.

Keywords . porous activated carbon, metal-organic framework(MOFE), ion gel, supercapacitor,

polymer based solid state electrolyte

1. M B

st 7]&o] WhHo=s Az AEeol A"
3}, Ag3}, AP} Fo] A= FAARI)
SHAE T B0 BAIZ It diA] oy B
A7t A&H o2 AZEHA, T&8H oA A
I 7153} 32 fIRt AT olvA] A% |
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g, HARAE ¥ As[qAZ2 Yoy, Zt
Yol A ARlef wat AHES 7Hx 1 gl £,
olzdzl FR F #HANAEE ohEA ®Ha
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< 7HAa glow 243t FAof Qs 7139 2

AAEA, Bela/sete QA 5 olel A
o Qs TS wa 9ok olefd B
ab odnE e

Foleweet fuANAESt Ze i A
A A A% AR e S8l Hol go
W, e adieh @ Bgete £ b olyel
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18 =3 w=d T ASHE o348 Ni-
MOFE 1 A/ge] AF WmoA 1057 F/g9 &
2 785 g2 YEa 9lem, 30 A/ge] =
S AR "WhoHx 649 F/go &2 H7|&FF
e HoEr, o]A2 Ao 30 A/g7HAl 63.4 %
o] 4% £x 4ol UeddE A o &
sJor, oA Ni-MOF &A= 10 A/ge] A7
oA 1 A/g tHH] 70 %E ZHo 2,5008] 9]
o] Jhestitte AS HoFa ity oA
ot AFH oA Ni-MOFeF S84 (active
carbon, ACOE E&3t st wrEolx= H|HHH
1 Z]S A el (asymmetric  supercapacitor, ASC)
= 0.5 A/ge AF HWkolA 87 F/ge] %A
S 7L B2 oA 2k $£A7 il 5
¥er, 21.05 Wh/kg H 8 W& 6.03
kW/kg #& HoEd ol ASH oaA
Ni-MOF &7} 15 1 AdAIES] A=
AAEAS] AT FES F 5 Utk A B
oS Ut} [10-12].
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ojtt [13,14]. o]24 HAl= ¥kl o2 4
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Aote 245 o, 7€ 49 ST 29
100 C olote] koA HA=z EARIch £
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2.3, IEXI2} 0|2y Ax| 7[gte] x| HSHE
kS

W2 PVA 1.8 g& 374 20 mlo] ¥ 80
CTolA 1A1ZF 744 wHt & KI 3.78 g 3712 A
7Fste] 80 Coll A 1 AZHgRt 7k wtgiet. o]
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2.4, CI3N EtALIEXZE 28z 7149 40
F{IAIE{Q] M=

AzE FARAL/NI-MOF E3=  7|5te]
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A& A 9ol =xetn geoA 1AZF Bt
HAITog 57 ARE AP}t Ax T
Az @ % Ao AT ME9H] Pz AYS

o] FHAWAES Axsty FrrEoz 1 Azt
e AR Xt SRS FUME AATH A
£ ATAE]E ZIVE SP2 Workstation

(Yotel=)E  o]85te  EIS(Electrochemical
Impedance Spectroscopy), CV(Cyclic

Voltammetry) % GCD(Galvanostatic Charge

Discharge)®] #AWHor 7jskets B4
TSIt

3. SAYHY
3.1. TxIFAIEO|ZE 0|88 MIo| EHEN

SAe4/Ni-MOF B3t 7|d A3 =
= w45 flste] AAFARARAES (SEM,
Philips XL30SFEG SEM) A}&5t%C

e 5 kV HEHRE 210 pAS Aol B
Eul g

3.2, MU|EEd EY B

FHAAH ] Wi EAsh= F 7He] A5
I A AfelofA doju= A7]eS 5
b 7] slze] ez Bgsleln, 3t o)
£ Hadt WFATE Ao Fojste] YudAs
Azl gad st Amds
(electrochemical impedance spectroscopy, EIS)
HARS olgstglen, T WOE 0.1 Hz
~ 100 KHzZ, open circuit]A 10 mV (rms)<]
AZsto A ESAskrt. E9, A= Asfoo
Aol F718o0=2 He4Z 7hsto] olnf WAYsh=
AR WskE syl Sl eghder ARH
(cyclic voltammetry, CV)& AHgst9 o, B A
HoME F+5HYE -05~1.0 VE sta, 747+
50, 100, 200 mv/sec 9] scan rateE W3} A]7]
o Z4sttt. A7 T4 (Galvanic charge/
discharge, GCD)2 0~1 V7}A] 1 A/ge] A3t
ARLEE Vst S E4S BEse
o, B A7) speh ZAL 24= AlA"HE A
gt TR, SuATAEe 18 g
A AWE o]§sto] ofo] Ao oA A
Ab skaict.[16]
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A71M, C & A7 &F %
WA, AV
YetlH, m &
o AV R drop FAE Xﬂﬂo
t}.[28-30]
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AE/Ni-MOF B84z 7dtoz  Aztd
HAJEo A Ni-MOF Aol ghaafo] ot
slsla EAL H|m B4 YFA &
AFHE AHgsto] T Hefom, Fig.
1 of Uetdch 1 A2 Ni-MOF7F 844
Hl 0.5 wtnrt H7hE SA4%/Ni-MOF &3t
AHE o]gst] AxTt 71 APAE L] current
rol 7P¢ 3A vehd AZ A £ %o
Ni-MOF &719] 53 0.5 wt% oS
7} st9-e W= A7EERE EAo] HAast
Fe HeRE olzfet @42 Ni-MOF
ol 0.5 wt% oldo] =W Ni-
AAfol oJal] Hxte] o5 oot AT
Z7FE]I current #O] TASE 1018 of7]
T ETH16].
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Fig. 1. Cyclic voltammetry(CV) of the superca-
pacitor as a function of Ni-MOF
contents.
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4.2, ™M7|gtstA mEHA

A7151eHA duds EFHS ARESHe
EH/Ni-MOF Eg4aA] 719t 57 mj A5 2]
I s AR Atele] A7|steHE EAS A4
sto] Fig. 2 o] Webilch 2 A%z, Ni-MOF
25 0.5 wi%s H7IHES o Z7|WHEAT
2 30 Q o2 Zl & £ 9llomn, o
Ni-MOF &A49] shiaFe o w2t Hah 5
7tste] Ni-MOFZ 1.5 wt% = H7lsie] A=
22 Ax sgeus 8.1 Qo7 Eolx: A
FS UErQth TS, IFEE g oA e
U bhde] 3718 BHY 27] At epdst
A2 Ni-MOF A&Aj9] ¢3S =945 I7]
7F ARE Ae gl & Atk ol |4

= oM A9t &2 ARHAA yErd 23

T, i
% 14 o

tu

o RS HE BolFr Ni-MOF 2419
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Fig. 2. Electrochemical impedance spectroscopy
(EIS) of the supercapacitor as a
function of Ni-MOF contents.

33. ¥y & -

ol

g Ni-MOF £&A419] g2k Z7lo] o2 ZHbd
540 Hda @42 delA g
FAFHY duds Aol mRErRR =
Ni-MOF 227} A=23 A AdoA el Y
FAYS F7H71 A= 2EE 2 HRRIE <
S5 9 By Az st Adtz wohEo,
1 Ay H7AGA e Av|sietd EA gas
e Ao AbmE17).

— 0.5Wt%
— 1.5Wt%
—_—1Wt%
— OWt%

Voltage (V)

04

0.2

0.0 4

Time(s)

Fig. 3. Galvanostatic charge—discharge (GCD)
tests of the supercapacitor as a
function of Ni-MOF contents.
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4.4, X7|18E BN

A AHmE o]&sto] HATAIE ] A7)
S A2 AAtetgon o] & Fig. 40 UehHSIch
I A#}=Z Ni-MOF &5 &4%4 oiH] 0.5
wt% F7FotelS Wi Frml ATAIE O] A28 gk
2 522 F/g o2 3RIT 5 doeH, o] g2
Ni-MOF 42419] 3He22 1.0, 1.5 wt% 2 %7}
A719e o 2tk 406, 331 F/g 0 & Z4" AL
I 4= k. ol=gt A= 8 ARW, A
712kt dud Ay 9 e 540 RRtE=
A AT 5= qlalen, HHste Ni-MOF 24
o] g AR/Ni-MOF 2544 714 471
ZAsiAIE O] wlE iR 2% A 2N A8 T
4& UEhdthal AteETh
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UeRfiglch. WA Fig. 5 (@olA Uehd Axt 2
o] Ni-MOF AA] #AHe] EH EAC zro A}
7tg Pl Bge B T 5 dglon, Fig 5
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Fig. 5. SEM images of the AC/Ni-MOF composite based electrode surface; (A)Ni-MOF,
(b) super-p, (©) AC (d) AC/Ni-MOF composite.
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2 A7 oY E494/Ni-MOF
A 718 o AWAE Y] Ni-MOF 42<]
of g H7|sletd B4 9 auE B4 ol
stom,  LRFAAHFH(Cyclic  Voltammetry),
A7 FsrA  dugas B (Flectrochemical
Impedance Spectroscopy) @ HAF Z-HFAH
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