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Synthesis of Mesoporous NiO and Co3;0,4 by Low-temperature
Heat-treatment and Their Application to Supercapacitor
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Abstract Ni(OH), and Co(OH), with a nanostructure were synthesized by an easy hydrothermal method
without using any organic reagent. NiO and Co3;04 were obtained via heat-treatment of the hydrates at 250
‘C and characterized by X-ray diffraction, scanning electron microscopy, transmission electron microscopy,
and N, adsorption-desorption analysis. The characterization results indicate that the metal oxides have a dis-
ordered mesoporous structure and high BET surface area. The results of electrochemical tests show that the
mesoporous metal oxides have fine supercapacitive behaviors and their specific capacitance values at the
discharging current of 5 mA are 176 and 298 Feg ', respectively.
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1.1 RFISMES

Ni(NO;),*6H,0 (H 254 Ak = AFIG IR A |, 4047
4li); Co(NO;3),*6H,0 (15 254 AL 25 R A B A H], Zrbr
4l); NaOH (i ui il FIE R A A, srbral); A
P RS (A 2R R s A B A D), i RAE R A
R (RS 2 S0 B2 AT IR 7).

1.2 HmeH&

AL NiO #3175 g Ni(NOs),»6H,0 F
0.481 g NaOH 43 ¥ T 35 mL ZE18/K B 5 v 0T
EPeFE 10 min JGHEN 100 mL BN L8 N, 64
TEREA N 180 CHEMABCE 18 h, F=Y G TTIE. ML
VEBHTEL O YEE. TIRJS, WU o il A
250,300 C NPEIEL 1 h B THGEEE, FHETEHES 1 Comin .
27 1) 53 9 i 44 A NiO-250 5 NiO-300.

4L Cos04 [IHIFS: #4179 g Co(NO;),*6H,0 Al
0.515 g NaOH 73 5l fi# 1 35 mL Z808/K 0, K5 P VTR
EPEE 10 min 585N 100 mL ARSI LR N, 5
7120 CHUA WAEIRIRCE 18 h, P71 KGO UTIE. XL
TEBHTEL O YR, TS, WU T o il AE
250, 300 ‘C NEIEL 1 h B THUEHE, FRE#EZEA 1 Comin .
BT 0 H 5 44 K Co304-250 15 Co304-300.

1.3 HRRRIE
X B AT HHE(XRD)H Bruker D8 ADVANCE 74}

BCE, Cu ¥ Ko 554k, 94507 2 5(SEM) A 7
LEO1530 #9 # M + W f B b 56 We. # A FEL
TECNAI-20 3% 5 HL 7 WA e 0l A S 347 328 5 i 7 S Ak
(TEM)FI L FATH (ED)RAE, DA 200 kV. A
SV B =t B 43 BT AE Micromeritics ASAP 2010 {X3% I
SR
1.4 EBIREYHIE & B ALFE NI

BN RENY) . CHPERMIRAETIES, F
IR O FLI I — DR & (S B E . SR
KRG LI =4 s bl g 80 ¢ 15 1 5), [AlI i N IE &
TCIK CWE. IR E 5 P A A IR A 1R R |, 90
CRHT S, 78 5X10° Pa (K177 F RHIR M. H%
AR, B A R A I T2 10 me.

HIAL 22 IIRAAE CHI-660 FLAL % TAESL (i fRAE) I
HEAT, BN Ryt e, MR H R AR A R 2 L A,
K = WA AR R LE 2 moleL ™' 1) KOH ¥ Hh X B gk A7
MEIAAR 2 Je Ar g 78 JBC B

2 FHR5IHE

Kl 1a 4 180 “C/KFAS N PTG Py XRD i &, 45
LW 4 B-Ni(OH),. & 1b A S-Ni(OH), 73 I 7F 250,
300 C FEHTHAEES A=Y XRD WK, 4595k
WAL FR S B-Ni(OH), EL4 4648 h NiO(Wi =443 3l h
Ni0-250, NiO-300). & 2a Jj f-Ni(OH), ] SEM [ -, %
W i oK 2, KR e A NiL B gk, 4k v
AR KZI4E 300~800 nm Z [A]. [ 2b 24 B-Ni(OH), ]
TEM 5 ED 5, 7=k o iR45#, ED £ B-Ni(OH),
YK BAT L g5 8. T 2¢ o NiO-250 () TEM 5 ED
WO, P HA DK B, I HAE R BT T A
FLALIE S5, ED WiEW 9120 Nio, Jf HAE a5 AT B
mn &, &l 2d 4 NiO-300 (1) TEM 5 ED & f, 7=#ih
RBE T B-Ni(OH), @K TES, AL T NiO-250, 4K
A NERIE R T RSP SR fLALIE, ED KWt A
RS, B3 4 Ni0-250 5 NiO-300 () N, 2R
B — I B oy £ R W B S BT 6k N i) BIH L AR 90 A3 1
NiO-250 [1) Ny S5 b= o th 2k A5 plpo 2974 0.1~
0.2 MYEH W HEL T &8, KUIHNEIEK T RSB
A FLALIE, BIH fLAR 541 i 4t 2 W H A B AT /AL
G584, I HAE/NT 2 nm G FI A BA L AR (T
WY FE R PR, SRR o B k). b4, NiO-250 7 p/po
290 0.85~1.0 HVEH AW EILT A, XR AN
W BA K K 7 HERUE B K FLFLIE. NiO-300 7
plpo 4174 0.2~0.4 FEHEN HIL T 6By, RUHATH
HAALSLIE, BIH FLAR70 A 2 R W RE S I AL 22



No. 10

A AR AL FL ] %Al NiO. Cos04 M FiL A RERTFT 1071

001

(a)

Intensity/a.u.

101
102

Intensity/a.u.

NiO-250

T T T T

T T
20 30 40 50 60 70 80 90
20/()

B 1 Ni(OH), ) XRD i & (a)F! NiO-250 5 NiO-300 [¥] XRD
& (b)

Figure 1 XRD pattern of Ni(OH), (a) and NiO-250, NiO-300
(b)

B2 (a) Ni(OH), [f] SEM [ )7 (b) Ni(OH), ) TEM M )i S ED
W5 () NiO-250 ) TEM i1 J2 ED i 5 (d) NiO-300 ) TEM
W & ED R

Figure 2 (a) SEM image of Ni(OH),; (b) TEM and ED images
of Ni(OH),; (c) TEM and ED images of NiO-250; (d) TEM and
ED images of NiO-300
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B3 (a) NiO-250 5 NiO-300 1) N, S5 i I B - e Bt i 2, 1
NiO-300 FIHE A AR IE MW T 70; (b) NiO-250 5
NiO-300 ¥y BITH FLA2 43 A0 i, &l NiO-300 FIE AL R IE
mf# T 0.009

Figure 3 (a) N, adsorption-desorption isotherms of NiO-250

and NiO-300, the data of NiO-300 are given with an offset of 70;
(b) BJH pore size distribution plots of NiO-250 and NiO-300, the
data of NiO-300 are given with an offset of 0.009

AIAGAE 2.2 nm BHZ. B4, p-Ni(OH),, Ni0-250, NiO-300
(1) BET LR SILAME AN 311 m’g ', 0.21
cm’eg ' 187.6 m’eg !, 0.24 cm’eg™'; 164.9 m’eg !, 0.25
cmeg !, ZE L], B-Ni(OH), 20 iet (G Hv kb B 445 oy
NiO Ji, FERIMAN] I, [m] I B RAAb 2R R ¥
— T, NiO B il R LR T AR A s ).

Kl 4a 4 120 “C/AKFALEFEFAF 91 XRD K3, &
Wi7=4) 3 B-Co(OH),. ¥ 4b X} f-Co(OH), 7E 250 F1300
CHALFE S T3 77 XRD 15 &, £ WPk
Cos04(7 M43 594 Co304-250.Co304-300). SEM 1 J- (&
5a)FK W C0304-250 & B EARAS MK oK v il — L)
AN KR T L. TEM 45 SR (1 5b) 4 i
C0304-250 MK NFITER T K&K/ fLILIE. B 6
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Figure 4 (a) XRD pattern of Co(OH),; (b) XRD patterns of
C0304-250 and Co0304-300

K5 (a) Cos04-250 ¥ SEM [ J7; (b) Co304-250 f¥) TEM [ J1
Figure 5 (a) SEM image of Co03;04,-250; (b) TEM image of
C0304-250

H C0304-250 155 C030,4-300 11 N A5 I B — 5t B phh 2% K
W B S PR Y. 1) BYH FLAR 20 A [, R R 35 1) 7= 40)
HAW R MAFLE R, E4h, Co(OH),, Co03;0,-250 L
C030,-300 LR, FLAS BN 14.8 mPg !, 0.05
cm’sg'; 97.8 meg !, 0.13 cmeg '; 55.4 m’eg !, 0.12
cm’eg .

AERMEHEFE R, 5T Ni(OH), B2 R AW I &
JW: Ni(OH),—~NiO-+H,0. Ffid i & A BT,
Ni(OH), #4548 B NiO, b B b 258 s b R B (7K
9T, AEML RS T IR BRGSO o R AU
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B 6 (a) C0304-250 5 C0304-300 F] Ny ZEI I b - M B i1 2%,
K1 Co304-300 HIEAE T I ARAR IE ) F% T 40; (b) Co304-250
55 C0304-300 1) BIH L4253 A1 1], 81T Co304-300 HIE AT
ARFRIE TS T 0.0035

Figure 6 (a) N, adsorption-desorption isotherms of Co0304-250
and Co304-300, the data of C0304-300 are given with an offset of
40; (b) BJH pore size distribution plots of Co03;04-250 and
C0304-300, the data of Co0304-300 are given with an offset of
0.0035

AIFITTE R NiO 45 K4 B T0Hs AN W b il 75 -4 KT ik
NiO 4KFLTF, [FIBS 7K 23 BRI B2 1) 2% 7 F AN e
R IF KRB Al oK R R fLIE 254, 2B T
NiO GKhi 55 G K RUBEALTE HEA7 1K NiO /LA, iX
BEGRORFLAE R v AR LB (R g i, DR eAE it H AT AR
LR TR, B PR PRI AN n, NiO 4k
KL AWK, [F] I 4K LI AR AN T b 5 K,
IEEE R AR T R FE, ~FI4L R R. 75 NiO 45k 5
TCANWT Rl A KT R, i 1 5 R B ) 4 44 AR
FEANZE, NI &AL NIO 15 HL AT b k. X1
Co(OH),, # Ak ¥ R v ¥ & R AW F 1y = W
6Co(OH), +0,—>2C00,+ 6H,0, 7 1% i W id f5 i 45
B KR 7K 7, Bk Ni(OH), BB 43 TE i
FLEEH.

Ta Jt NiO-250 FE 414 A7 a2 0~0.5 V.
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TER S g, PR EATLEE R Cc=
IAImAV AT VIS, b C AFES L, 1o
T, At PITBCRLINT ), m A2 9 PR R IR T, AV R T FE
R s B, 224 NiO-250 £E5h7E 5, 10 F120 mA
TR LI R LR =0 176, 167, 152 Feg ' FEfh
JIT 2 B HA T o L A G v U SR T AR A LR R
. IEAh, NiO-300 7£ 5, 10 A1 20 mA JECE IR R IR L2
AN 150, 142, 129 Feg ', MHIEL T NiO-250 47 T —5&
FREEMIBRAR, I E 2 ARG T NiO-250 H R il
A FT.
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B 7 (a) NiO-250 FEANFIFIEEE R MR 2 fh4; (b)
NiO-250 7EA R VR PR T80 i 2
Figure 7 (a) Cyclic voltammetry curves at different scan rates
of NiO-250; (b) Charge-discharge curves at different currents of
NiO-250

The mass of the NiO-250 are normalized to 10 mg
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Figure 8 (a) Cyclic voltammetry curves at different scan rates
of C03;04-250; (b) Charge-discharge curves at different currents
of Co304-250

The mass of the C03;04-250 are normalized to 10 mg
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