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In-situ Fabrication of Self-collected Ni( OH), Supercapacitor Electrode Materials
by Hydrothermal Treatment of Ni Foam in H,O, Solution

GE Meng-qi, ZHANG Jie, XU Jing, LEI Jing-lei, LI Ling-jie

(School of Chemistry and Chemical Engineering, Chongqing University, Chongqing 400044, China)

ABSTRACT: Objective To in-situ fabricate self-collected Ni( OH), supercapacitor electrode materials with excellent capacitance
and good cycle stability by a facile, cost-effective and green method. Methods The hydrothermal treatment of Ni foam was per-
formed in a 15wt. % H,0, solution at 180 °C for 24 h to in-situ fabricate Ni( OH),. The morphologies, phase composition and
electrochemical performance of the as-prepared Ni( OH), electrode material were characterized. Results The B-Ni( OH), hexago-
nal platelets with the side lengths of 400 ~ 600 nm and the thickness of ~200 nm were obliquely laid on the Ni foam at high densi-

ties. The electrode demonstrated excellent capacitance (2534 F/g at a scan rate of | mV/s) and good cycling stability (91% ca-
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pacitance retention after 1000 cycles at a scan rate of 50 mV/s) in 2 mol/L. KOH aqueous solution. Conclusion The fabrication

method developed here was facile, cost-effective and green. The as-prepared binder-free, self-collected electrode material exhibited

remarkable electrochemical performance with high specific capacity and good cycling stability.
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Fig. 1 Morphologies of as-prepared electrode material
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Fig.2 XRD patterns of as-prepared electrode material
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Fig. 3 Electrochemical performance of as-prepared electrode ma-

terial
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Fig. 4 Cycle stability of as-prepared electrode material at a scan

rate of 50 mV/s for 1000 cycles

P 5 Sy il w00 R AR A R Y BEL BT 18T 3, 22 41



- 50 - =1 AN

2015 4£ 01 H

A[14,16—17]
=

LTS B SER R B HLBE R, 29°47 0. 24 Q)
VBTGP o e BE P A R P BEL A B 42 i e BEL 1Y

Sl L BELEAR N, BB AT AR 19 5 F P 5 o ey £ 28 P
FH R, 290 0.02 Q, 350 Ni(OH), iKY RIES S5,
Pz OB P LA AR s BEL T AR 8 /0, A R T S 119 i
1o
8t . )
6f _'. 0:08 - s
=] .' 0,061
=4 . 004} .
R H
o 0.02f /
| I!/' 02 03 04
0 5 10 15 20 2
zZ'1Q
K5 bR R BT A4 R
Fig. 5 EIS spectrum of as-prepared electrode material
3 &g

1) SR FH T B B R PR 358 A G 14 WU K K #k:
b PRI R, W DA IR R AR T A L R A A R i
7400 ~ 600 nm ., JE 25k 200 nm ) S A
B-Ni(OH), NHTE A, fEN A X # ., AERM Ni
(OH), WA AR

2) i HAR AR 5 0 F A T RE DL B R AT
PEAFE EME . AE 2 mol/L KOH ¥ W P i B i FL & N
2534 F/g(HBN 1 mV/s) , HAEFF 1000 5, LLZEE
{ARFEFE 91% Lh b ($138 5 50 mV/s) .

[1] CONWAY B E. Electrochemical Supercapacitors[ M |. New
York ; Kluwer Academic/Plunum,1999.

(2] PR, EIR U, 45, K IG I a-Ni (OH), 4Kk
HIE LA 52 [T ], 41, 2012,70 (16) : 1731—
1736.
LU Ya-jun, WANG Hao-ran, GU Yu, et al. Studies on the
Growth Mechanism of Hydrothermal Synthesis of a-Ni( OH),
Nanowires[ J ]. Acta Chimica Sinica,2012,70(16) ;1731—
1736.

(3] PIETE, &0k, RO NG, 45, S AR OR AR /& B A
FAELT]. WAL 417,2009,25(2) :296—300.
TAO Fei-fei, LU Jin-ping, LANG Lei-ming, et al. Fabrica-

tion and Characterization of Nickel Hydroxide Microrods

[4]

(5]

(6]

[7]

(8]

[9]

[10]

[11]

[12]

[J]. Chinese Journal of Inorganic Chemistry,2009,25(2) .
296—300.

PEJH, SR, 25, 55 G i A 5 4 Jm A ALY ra i b
B IR ]]. #MH AR ,2009,38(3) :77—79.

PANG Xu,MA Zheng-qing,ZUO Lie, et al. Progress of Re-
search on Mental Oxide Electrode Materials for Supercapa-
citors[ J ]. Surface Technology,2009,38(3) ;77—79.
WANG Yan,GAI Shi-li, LI Chun-xia,et al. Controlled Syn-
thesis and Enhanced Supercapacitor Performance of Uniform
Pompon-like Ni (OH), Hollow Microspheres [ J ]. Electro-
chimica Acta,2013,90(3) :673—681.
ZER T IR, R, S OB RS B Ni(OH),
TR R HG L 2 R R 0 T B S 3 e i [ ). BT T
2014,43(5) :839—846.
GONG Liang-yu, KANG Wu-kui, WU Jin-shu, et al. Ulira-
sonic Synthesis of Ni (OH), Flower-like Microspheres and
Their Capacitive Performance Analysis of Experimental Design
[J]. Applied Chemical Industry,2014,43(5) ;839—=846.
WU Mao-sung, WANG Min-jyle ,JOW Jiin-jiang. Fabrication of
Porous Nickel Oxide Film with Open Macropores by Electro-
phoresis and Electrodeposition for Electrochemical Capacitors
[J]. Journal of Power Sources,2010,195(12) :3950—3955.
WU Li-chen, CHEN Yue-jiao, MAO Ming-lei, et al. Facile
Synthesis of Spike-piece-structured Ni ( OH ), Interlayer
Nanoplates on Nickel Foam as Advanced Pseudocapacitive
Materials for Energy Storage[ J]. ACS Applied Materials &
Interfaces,2014,6(7) :5168—5174.
YANG Shu-bin, WU Xi-lin, CHEN Chang-lun,et al. Spheri-
cal a-Ni (OH ), Nanoarchitecture Grown on Graphene as
Advanced Electrochemical Pseudocapacitor Materials [ J ].
Chemical Communication,2012,4(22) :2773—2775.
FPils  WREF SRR A KT AE Ni(OH) , e HOB 4%
HAPEREL )], BIEEAR 2007,31(7) :534—537.
SHU Chang,CHEN Ye,ZHANG Chun-xia, et al. Preparation
and Supercapacitor Properties of Ni( OH), by Hydrothermal
Method [ J ]. Chinese Journal of Power Source, 2007, 31
(7) :534—537.
T T sk 16 45 AR AL C/NIO SR
BN R H A EVERE [ )] . WAL, 2008 ,24 (12) ¢
2314—2320.
WANG Tao, HE Jian-ping, ZHANG Chuan-xiang, et al.
Preparation and Electrochemical Properties of Ordered Me-
soporous C/NiO Composites[ J]. Acta Physico-Chimica Si-
nica,2008,24(12) .2314—2320.
IMEIE 04, Tl i, 5. S8 A 9 AR AL IR S48 1
B A B AL A EREDF ST [T ], MRS 4R, 201125
(4) .49—52.

(T#% 63 W)



Faa H1W

W U 6] 45 - SRR RIS 3 P/ C AT TG M RS e PEIFSE

- 63 -

[9] SHAO Y Y,YIN G P,WANG J J,et al. Durability Study of
Pt/C and Pt/CNTs Catalysts under Simulated PEM Fuel
Cell Conditions[ J]. Journal of the Electrochemical Society,
2006,153 : A1093—A1096.

[10] RYU J K,PARK C B. Synthesis of Diphenylalanine/Polya-

niline Core/Shell Conducting Nanowires by Peptide Self-as-

sembly [ J 7.

2009 ,48 :4820—4823.

CHEN R J,ZHANG Y G,WANG D W et al. A Self-healing

Angewandte Chemie International Edition,

[11]
Oxygen-evolving Catalyst [ J ]. Journal of the American
Chemical Society,2001,123 :3838—3939.

[12] KANGASNIEMI K H, CONDIT D A, JARVI T D, et al.

Characterization of Vulcan Electrochemically Oxidized un-

der Simulated PEM Fuel Cell Conditions[ J]. Journal of the

Electrochemical Society,2004,151;E125—E132.

[13] SHAO M H,LIU P,ZHANG ] L,et al. Origin of Enhanced

[14]

[15]

[16]

Activity in Palladium Alloy Electrocatalysts for Oxygen Re-
duction Reaction [ J]. Journal of Physical Chemistry B,
2007,111:6772—6775.

XIN H L, ADAM H,SULJO L. Predictive Structure Reacti-
vity Models for Rapid Screening of Pt-based Multimetallic
Electrocatalysts for the Oxygen Reduction Reaction [ J].
ACS Catalysis,2012,2:12—16.

STAMENKOVIC V,MUN B S,MAYRHOFER K J J,et al.
Changing the Activity of Electrocatalysts for Oxygen Reduc-
tion by Tuning the Surface Electronic Structure[ J]. Ange-
wandte Chemie International Edition, 2006, 45. 2897—
2901.

LI L,WEI Z D,ZHANG Y, et al. DFT Study of Difference
Caused by Catalyst Supports in Pt and Pd Catalysis of Oxy-
gen Reduction Reaction[ J]. Science in China Series B—

Chemistry,2009,52 ;571—578.

B e el A

(L% 50 )
SUN Hai-feng, JIANG Wen-quan, YU Li-min, et al. Prepa-
ration and Electrochemical Properties of Petal-shaped Nickel
Hydroxide with Cobalt Doping[ J]. Materials Review,2011 ,
25(4) :49—52.
[13] CHEN Yue-jiao,QU Bai-hua,HU Ling-ling,et al. High-per-
formance Supercapacitor and Lithium-ion Battery Based on
3D Hierarchical NH, F-induced Nickel Cobaltate Nanosheet-
Nanowire Cluster Arrays as Selfsupported Electrodes [ J].
Nanoscale ,2013,5(20) :9812—9820.
LI Ling-jie, XU Jing, LEI Jing-lei, et al. A One-step, Cost-
effective Green Method to in situ Fabricate Ni( OH), Hexa-

[14]

gonal Platelets on Ni Foam as Binder-free Supercapacitor E-

lectrode Materials [ J |. Journal of Materials Chemistry A,

[15]

[16]

[17]

2015,3(8) :3260—3268.

HU Guang-xia, LI Chun-xiang, GONG Hao. Capacitance De-
cay of Nanoporous Nickel Hydroxide[ J]. Journal of Power
Sources ,2010,195(19) :6977—6981.

CAI Feng-shi, ZHANG Guo-ying, CHEN Jun. Ni (OH),
Tubes with Mesoscale Dimensions as Positive-Electrode
Materials of Alkaline Rechargeable Batteries [ J]. Ange-
wandte Chemie International Edition, 2004, 43 (32 ).
4212—4216.

LU Xi-hong, HUANG Xi, XIE Shi-lei, et al. Controllable
Synthesis of Porous Nickel-Cobalt Oxide Nanosheets for Su-
percapacitors[ J]. Journal of Materials Chemistry,2012,22
(26) :13357—13364.

(E#% 55 )

(197 #0507 X R . A 880 4l 45 B AR 40y 1t S AR b et
AR T, R AR 2013 ,137(6) :1062—1064.

LI Fang-fang,ZHAO Ling-zhi. Preparation of Graphene and
Its Application in Anode Material of Lithium-ion Battery
[J]. Chinese Journal of Power Sources, 2013, 137 (6):
1062—1064.

PP R BET TS AT AR SR A7 SR AR L Tt
AR AEA R[] it g ,2013,25(5) :717—725.
ZHONG Yi-liang, MO Zai-yong, YANG Li-jun,et al. Appli-
cation of Modified Graphene for Cathode Catalysts in Fuel
Cells[ J]. Progress in Chemistry,2013,25(5) ;717—725.
Vs O 7N O N b s = W A P = 05 U W R P ) e 2
[J]. AeFEHA 2013,32(5) :29—36.

(20]

(21]

(22]

(23]

[24]

KOU Zong-kui, HE Da-ping, MU Shi-chun. New Advances
on Reduction Solutions of Graphene Oxides [ J]. Carbon
Techniques,2013,32(5) :29—36.

ZHAO Y. A Versatile, Uliralight , Nitrogen-doped Graphene
Framework [ J ]. Angewandte Chemie, 2012, 124 11533—
11537.

WANG Y G,LI H Q,XIA Y Y. Ordered Whisker-like Poly-
aniline Grown on the Surface of Mesoporous Carbon and lts
Electrochemical Capacitance Performance [ J ]. Advanced
Materials ,2006,18 :2619—2623.

WEN Z. Crumpled Nitrogen-doped Graphene Nanosheets with
Ultrahigh Pore Volume for High-performance Supercapacitor
[J]. Adv Mater,2012,24 .5610—5616.



