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Abstract

In this study, the nickel hydroxide (Ni(OH),) electrode for supercapacitor was prepared via
hydrothermal method. Based on the nickel (Ni) foam, the electrode does not require any additional
binder material or post-processing. Nickel nitrate (Ni(NO),) and hexamethylenetetramine (C;H;,N)
were used for synthesis, and the synthesis condition was 12 hours at 80 C. X-ray diffraction (XRD)
and field-emission scanning electron microscopy (FE-SEM) were used to analyze the structural
characteristics of the electrode, and it shown that the nickel hydroxide was successfully prepared after
only the one-step hydrothermal synthesis. The electrochemical properties were analyzed through the
half-cell test. The prepared electrode shown a pair of oxidation/reduction peaks, indicating that the
driving method included the redox reaction on the electrode surface. After the charge/discharge test,
the specific capacitance was calculated as the value of 438 F/g at 3 A/g.
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517] 913 W2 kg Eo] P oot A=
o] AME= £017] ARt 7H Rt B oA o
U] A+Y(energy sources)= 2= Zlolt}. Ejgg
(solar), A|¥(geothermal), &2 (wind), HFo] 2.1}

A= (fossil fuels)]
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A(biomass), £ (hydropowern)d} Z-2 A 715
ol A|(renewable energy)”} THEZ Q] thA| ofj1i

A Aoz BERET [1-3]. o] g Ao =
HollA= I H A (electric power)= Hrt .&g

Ao g &-gs517] 9o BdH oHAE As
o7t a3k Azt 35 4= A= oAl A% /‘]
~Hl(energy storage system, ESS)Q] g&o| ufj-¢-
23l [4-0).
FH AR A E(supercapacitor, SC)= =2 Z
Yx(high power density), 71 $£%(long
lifespan), ¥ 25 Hl(wide operating range)
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-4 £ (charge-discharge rate)
15 EAHO= sl ESS £oF 58 4
gt A (devices)olth 7-9]. +HAMAIE = 1
Zsdeo] w2t A7) ol5S AMAIE (electric
double layer capacitor, EDLC)2} F-AFA
AlE|(pseudocapacitor) &%} [10]. A
7] o]l%% AYAIEH= A714 QA (electrical
attraction)o] &3} o]2(ions)o] A= #H
(surface)oll EH o2 FAE o] H7| 0|55
FAstal, FAZE olF3ol A77F AFEH= H
2| & 71t} mebA EH A (surface area)©] 4
< P=2Ad,E o 2 A7E AFS = oH,
W2 2HAZ BAAA7I7] A A2 gL
(Carbon, C)7} Wo] &5t [11]. FAFATA|
B 9| 3¢ AFHEHA 9] 45kt ¥hE-(redox
reaction)& FHtoto] A71& A& otH, o]=gh
EAS Holx= Atsto|glE(Iridium(IV) oxide,
IrO,), At8tFH & (Ruthenium(IV) oxide,
RuO,), oJArstd7H Manganese(IV) oxide,
MnO,), Aty A (Nickel(II) hydroxide,
Ni(OH),) 5°] AISEZdEA F2 A+HAY
[12-14]. I FA % Ni(OH),2 &2 o|& FA
& (capacitance), ¥ A W2 714, A7|5}st
A Arekeh ¥h3-9 b4 59 A= <l
A FFEARPAEE AT 2= 2R3 Q)
o} [15,24].

FHAWPAE AL 314 I H(chemical
precipitation), €-2%(sol-gel method), A

7] 2 (electrochemical deposition) ¥ 4

& /g (hydrothermal synthesis) 53 &2
cheFst WrHo 2 A RHET [16-19]. olHg A
Z Y SolA +E g dud &7]o &

flo ru

i 12 %2

N

[19-21]. &
U H(nanowall) FEQ} &2

AZ 7HA= F2RE BTHeE AR
ALA37E B [26,27]. A=Y 7]
H(substrate) &S FYPst= AL A A A
(conductive support) TS FHAHAIEH A=+
o] EA4E MAE & Sle 583 840t YA
E(Nickel foam) UZF40] 334(3D) &K
Zt(scaffold) = A5 AdZ2= thgA] FL2A

(porous structure)ZA4 B FeiQ] YA S50
Hoh g2 #H4EZ AFS & Aot [22]. o]k
EFog AI-Hsfd(electrode-electrolyte)
7 JE HAS WA VPR EA © B2 ®HY
Hk3-(surface reaction)°] ¥old & UA &=t
[21.23]. Ni(OH),& UZ & 9l S2F A1X1 FH|
O] A=S Axsh7] A et 38 € UA 4
(Nickel salt)¥} &7} E2&(additives)== TAH
Ni(OH), &4 E4dof ¥t B2 A7F x| Q]
ot 28y, dAYA 648H=(Nickel(Il) nitrate
hexahydrate, Ni(NO,),"6H,0)3} sjAtd 2l
H EZt¥l(Hexamethylenetetramine, HMT,
(CH)sNYZ =<4 g5t Al =x3t Ni(OH), A=
o] Hlw A 2 PHEF(225F/g)2 AT 28
7} le} [28-32].

2 AFoA = +4E FdHS E8o5to] 7| ¢
o A= E=4dZ A4 S2ot= FH +HA
AlE& A= AR ol W2 &=
AZ Az &, vRRlY 59 243} o 5

_.‘

|
o] ulz =z}

o] Y340 4%

o}, AARYA Y HMT

Tz EA(structural properties)Z} E£HS| &
Hl(morphology), 181 A7]% E4(electrical
properties)< w45ttt

=1,

2. 4 4

oo

TS Aol AU 653F=(Nickel(1D)
nitrate hexahydrate, Ni(NO,),"6H,0), At
H e d g EgtY (Hexamethylenetetramine,
HMT, (CH,):N,), =F=(distilled water)7} A
253 tt. & EA(active material)o] Sz 2
A= 71we 2 YA F(nickel foam)= &8It
AHEE 99.9%, 3= 48%). 4 YA && of
M E(acetone), ol&Z(ethanol), THFF+ZE Zt
ZF 1084 22-1kA| & 7] (ultrasonicator) & Al &
sttt 222 2mmol9] A4 A 658
HMT 4mmol& 35ml9] SF<ol F7lst =4
A8 &A(solution)& AZsHAUT. Aol &
A AHE= HMT= 834 284 ot e
21(1), )2 Zo] OH € A&+, Al5d OH
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= FEFH o2 FAIYA(Nickel(Il) hydroxide,
Ni(OH),)& @/ st=tl AR&-Ht [14].

(CH,)N, + 6H,0 — GHCHO + 4NH (1)
NH, + H,0 — NH," OH’ )

A MAT YA £33 4 84S 50ml &
ZFo] HZE &7|(Teflon-lined autoclave)

4 ROl 12407F 59 24T
2 AYRGY. LYo B BEL FHS

o
"ol Ay

e

2 108 230414 sk, &
(mass of active material) 8 93l 60T
229 2E(oven)olA 12417F & Ax5H3
o YA £ 9o &4E Ni(OH),9 2AH+=x
(crystal structure)= Cu-Ka (1 = 1.5414) &
AE ZH= X-A 3™ (X-ray diffraction; XRD,
Rigaku, Ultima V) 24¥HOoZ 40kVe] A<
I 40mAS] ARE QA7ISE ZZ0A 5°0] A F
B 80°71A19] 20 3|4d & Helo|A S5
o AzxH A9 ZHS AA-HEF Ax=F
At v A (field-emission scanning electron
microscopy, FE-SEM, TESCAN, MIRA3)C.&2
#ast . A718sH4 E4(electrochemical
properties)2 3= A (3-electrode cell) =
g A A”l(system) 02 EASHRIH 34 A &
A AARE A& Y8 &Y A=(working
electrode)2& Ni(OH)2 A=+E, Ad A=
(counter electrode)©. 2 WZ£(Pt) AZLL, 7|&

H=(reference electrode)2& Hg/HgOE, 1
2]aL 1M9] KOH&dZ Hdsfd s ARESHt. +
AE 3d= AR F 2714 B9 sk A(Half-
cell) HHAEE #sqlct. AHARE =TALGA
FH(cyclic voltammetry, CV test) 2 & 10mV/
sO Al 50mV/s B9 AFH &% (scan rate) 24
oA MEL] CV g2 &85, FHA=ZE FA
5 F-WH " (galvanostatic charge-discharge,
GCD test)2 & 3A/gollA 15A/g #1919 tget
AS AT (current density) ZZAA B4 A]
(discharge time)= £33 &, M&2] v|F%8

Z(specific capacitance)& ATt

p

o Y

3.z ¥ n%

I8 12 4 PHoE Az FA54 24
(Ni(OH),)9] 24 +x& XA-3ZE(XRD)ZE £4
gt Axtoltt. Ni(OH), AlH9 8 Fa= 34
2 13.4°, 17.9°, 20.2°, 25.3° 33.8°, 36.2°,
38.9°, 44.6°, 51.6°, 59.5°, 69.8°0] 4 T E Y
ot o714, 31d g 7|E0=2 13.4°, 17.9°,
25.3°, 33.8°, 59.5°°] A5t 314 w3= 7
7+ ¢-Ni(OH),(JCPDS No. 38-0715) 24 +
%9] (003), (100), (006), (101), (110) Hof] &
Aotz A FQlstar, I8 10 E RYe=E
FAISHAT [13,25]. 34 7= 20.2°, 33.8°,
38.9°, 59.5°, 69.8°°] A5t 3|d wI+= 7
Z} B-Ni(OH),(JCPDS No.14-0117) 24 +%

Fig. 1. XRD pattern of Ni(OH), powder prepared by hydrothermal synthesis.
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Fig. 2. FE-SEM images of the surfaces of (a) pure nickel foam, and (b) Ni(OH), electrode prepared by

hydrothermal synthesis.

] (001), (100), (101), (110), (200) e =+
5| -85t olE ¥ 19 ¥ HFoE e
AT [27,28]. ol=et B4 AIE Soff & Aol
A AR AY 20A 9] =E] THLE @
-Ni(OH),2} 8-Ni(OH), 7-%2] Ni(OH),°] T4 =
A= Eelsk

19 2+ 5% YA E(pure Ni foam) ZEH(a)
I YA E 9o dH AR ANI(OH),) A
9] xH(Db)E AA-LF=F AAFAFA ] (FE-
SEM)2.& &3t ojm|X|o|t}, 19 (a)2} (b)2] ©]
n A HwE F9f 8 44T Ni(OH), A=9] #
Ho] Y H(nano-wal)d &2 FAo g2 A+
o< gRlstant. ol T2 A2 FAF A
TolM EalE Ni(OH), d=2] 3 Y 72 &
FHE & A AT [26,27]. olHT FA +
ZE H9 FH9 2o HuFS o, W EH
A (surface area)S AFT ¢ Y™ EHA
9] ¢ w2 A58 B3 (redox reaction)< 2
A A AIH O o %2 HPH-8F(specific
capacitance) = &84 X (power density)E
A5 5= At [14].

Fig. 3. CV curves of Ni(OH), electrode measured at various
scan rates (10 to 50 mV/s).

a9 32 Alzxd AR ANI(OH),) A=
THAGHAFH(CV)LE S4T e zmoltt,
FE CV 1o FHE B A= 5
(working principle)& & 5= Ut} [25]. CV EA
0.0V ~ 0.6V ¥9]9] At A l(potential window)
2 10mV/s, 20mV/s, 30mV/s, 40mV/s, 50mV/
sO] TtFst A7 &% (scan rate) ANA SHE
Atk S74E CV 1 xE £45t] Ni(OH), A=
9] Aks}/3H 1 H(oxidation/reduction peak)”}
Z}ZY 0.42V 2 0.54VolA A== AZS FRlstel
t}. ol= AZHE Ni(OH), A=9] 514 o] 44t
SFE(KOH) Adsd tollA Atekeel wh-g(redox
reaction)& FHIeHE SJu|THTh [25, 34]. o|d, #
Hol A dojif= ¥ th A0 8 HAT &= 3
o} [18].

> AN ilo

S

flo 4

Ni(OH), + OH < NiOOH+H,0 +e (3)

A7l £E7} S7F%0] wet Asieke WA 9
CV 2z o] WAL SAsHAE, Astael 2
o] gefet AY AAE AHAA $AEE AL

Fig. 4. GCD curves of Ni(OH), electrode measured at
various current densities (3 to 15 A/g).
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Fig. 5. Specific capacitance of Ni(OH), electrode calculated
from GCD curve at various current densities.

2RoIslgtt. ol A= HHoA 7H9F AkslEhYd
U3 (faradaic redox reaction)& k= SAFA I
AlE A9 As EFJLE & 4= it [27].

a9 4= Azx" FARYANI(OH),) A2 4
& A (potential) 0.0V ~ 0.5V HYof| A zt
2y 3A/g, 4A/g, 5A/g, 8A/g, 10A/g, 15A/g9] A
FEEE S ZHF S-HA(GCD) 23 17
Zolt}. £74%¥ GCD 1z neF 7] o]F
3 AMAIE(EDLC) Aol 2 Yehe= A3
(linear) FE7} obd, FAFATIAIE =9 1B A
Al a#z E4S HolEtt [33,34]. GCD 34 #
< 7|9te 2 Ni(OH), A9 v &S 4(4)
£ o]&sto] th2t ol AAkskait [23].

C=(I x At)/(m x AV) (4)

o71A, C(F/g)= v§ A& (specific cap-
acitance), [(A)= A H(current), At(s)= =4 A|7¢
(discharge time), AV(V)= 7] H(electromotive
force), m(g)2 & &4 AZF(mass active
material)°l s{FRttE. A(4)E AH&Sto] A4S
A A(NI(OH),) A=9] vPA&F &4 2
= I8 59 dEATE AlxE Ni(OH), A=
o] BAEFE AR Bk 3A/g, 4A/g, 5A/g, 8A/
g, 10A/g, 15A/g 240X 22 438F/g, 424F/
g, 405.6F/g, 377.4F/g, 358F/g, 324.9F/go=
A=A 531, 5A/gS] AF DrollA Atk
H| G A-855(405.6F /gl o]2F FARRE Wi o2 A
Z5 Ni(OH), A=A Hig v -8F gtel
225F/gHt} 1.88] A& ¢ 9535t A5 Hol
ATF [32].

2 AFoAE +E FIHES AHEsto] S4kst
YA(Ni(OH),) d=(electrode)& UZA & 9
Hdstelal, AlzE Ni(OH), A=9] 24 &4
I 3H g 2 A714 E4S 245U XRD
402 YA £ 9o 45 EZo] «-Ni(OH),
o} p-Ni(OH),9] <= Zt+= Ni(OH), 2F +x
9] 2915ttt FE-SEM o]u]x] BAL =5
Ni(OH), A=9] EHAA Ve B3} 22 7#H X
S TEoI). o9t T2 FAFS ojn] Bid
A Aol A #EE Ni(OH), A= Ao Y
L F2 BETE Z A5t CV HAEE &
3 243t 1# T 0.0V ~ 0.6V ALA L
Al 10 ~ 50mV/s2 H3lot= A7 SEoE U
gt 4teket] M35 Holglnh ol &9 Az
= AZo] 7193 AHskeh HhE-S SeRlteks FAL
APAH A5 A 7M1= A2 AT 5= 3
th. GCD HAEES £3) =4= 1
S EAot-& o, 48242l EDLC A=
A5 T2 FAATYAIE 59 1
EQITH S AT OR v
ARt A Alz" AR A A
A/g, 5A/g, 8A/g, 10A/g, 15A/g9 AF U
o] t)-33to] Z+7+ 438F/g, 424F/g, 405.6F/
77.4F/g, 358F/g, 324.9F/g9] #< 7HA=
golstich AfFog YA £ 9%
2 A
%=
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% orfo S lH g Lo
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