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Fig. 1 Schematic diagram of preparation of Nano-Ni,S, electrode
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Tab.1 Ni;S, quality on nickel foam under different reaction conditions mg
‘ B /°C
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20 45 70 95
1 0.038 1.188 2.275 2.271
3 0.096 1.401 2.602 2.601
5 0.102 1.536 2.603 2.608
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Tab.2 Specific capacitance change under different current densities

MR/ (Asg™ D 1 2 4 8 10
FHLZE/(F e g™ 1) 1116.7 1015.4 881.4 759.8 720.7

2.5 KimBEHISHT

Kl 6 J& NisS, 7& 3 mol/L KOH wf, = U IR T 74 2 49 S i BE BT 1 L 39135 O 0.01~100 kHz, Horp
375 P Ay v 0 DX R TR L7033 11 ot 2 — 8 20 DAy v 30 DX R ARE DX 7P A DX T 388 3 g 40 DX A 2 [ AEH3E X B4R
A 1o B3 1 AT LA HE R A A R Y A BEL R R Al o o L ol 6 R LR R R R e X AR /N HLRHL A
0.91 QAR X FL LR A K L 1k B FL A F o e A% ri B/ B R A 9 S L L A R A A LR S P E



80 T IR IL K FIRCA RAF RO 2019 4

2.6 fEINFE A B K

B 7 & Ni,S, fERREE N 2 A s g L FEM AR RIEH R 0~0.42 V IFHEATAY 1 000 YT L S 5. i
7 AT LLE L B 0GR UK SN . b e At AR AN . B — 5 R 9 A5 R 4 T O 0
BENE] 1000 WIS, HEL A 10154 F o g "HME 1 222.7 F« g ' 80T 20.4% KWK &K Ni, S, A
BL I A0 PR 2 M 33X PR o 7 FE i FRL Ao R o o R R 38 T I A A5 H A T T S T B B T A 5
L HUH AR BN T 40 4 T AE L

. 1 200
400 /
“I.l —~
2r / P 900
300 | J b
-‘/ <
a ~
a .f ~ ! [ .
~ - - ¥ 600 -
So20p S ! £
N / ! o -
| - -~ X
L] / g .
100 & 0 1 £ 300F
s 0 I 2 <
7' /Q
() 1 1 1 1 (' 1 1 1 1
0 100 200 300 400 0 250 500 750 1 000
7' /Q Cycle
6 Nis, st g Pl 7 PRI L H 2 B 70 TS AR A il 2
Fig.6 Electrochemical impedance spectra of the Ni,S, Fig. 7 Corresponding capacitance of electrode with
the cycle number
AN
3 ZF 1

AR S 3 WA A R A AR B A KA IR R L 2 AL A 9K NI S, B R R R (NHLD, S, Oy &
A TR R B S R BE I AE 70 °C R I B [ AE 3 b, 45 1Y) H AR b R 3R TS5 A = 2 AL R 1Y 3D 454, LR R
NIRRT T IR AT B e 1) B G T R AR A R AT 0 B AR 2 X R e BEL R R O B AR 22 i
2R TR U SRR 4R 7 N S, FUROM RN B R Y AT 3 P L B S A PR P 2 R AT 2 I R S K 10 %
BF HOH 2 R R T 35.5% . HLA RAF RO A5 SR B 1) st ph 52 3 BEL T 33 P&l 260, 3 401 X R B R R 0,91 Q. Ik 43
DX 2R R, MR L AT B G 10 e o 0 8 7 5 R 4t 0 7, 2 T R RO 0 3R] 1 000 WK, H HLEE
F 10154 Feg "BEZE 12227 Feg 'IMT 20.4% . WG &M N, S, AT REMIEHRFEEN. 2665
B Ni S, FAF (8-S Fi M R0 L A 235 4 0 40 A 347 i Ak 2 M B8 L O — T T L ARORE R A R 47 45 4 1 2
PR TR Y BL L A X AR MR AR I AR K 2 AL NS, BT AR GEE G T R 4 R 2 R0l
/INEL AR P BEL o [ B 47 T B R R A L SR AL T 0 S 9 M A A A AR R B R A Y Ak

FHERE.
2 % x #

[1] Bhsot, m A B AL £ FL sk 94 Kk Bk a4 il o B s Ak 2 P R L0 1. i K 2 2 4R (A SRR 10 L 2018(6) :56-61.

[2]  JA® 200 . 49Kk Z 4L 04 I8 ALY NiCox Oy 1 1l #5 K LAk 2 M BB (1. JE ML Ik 2 2 412 ,2018(6) : 1103-1109.

[3] Chuang C M,Huang C W, Teng H,et al.Effects of carbon nanotube grafting on the performance of electric double layer capacitors[ ] ].En-
ergy Fuels.2010,24(12) :6476-6482.

[4] Gao M R,Xu Y F,Jiang J,et al.Nanostructured metal chalcogenides: synthesis, modification,and applications in energy conversion and
storage devices[ ] ].Chemical Society Reviews.2013,42(7):2986-3017.

[5] Uriel V.George C L,Enrico T,et al. Harmonic modeling and simulation of a stand-alone photovoltaic-battery-supercapacitor hybrid sys-
tem[ J].International Journal of Electrical Power and Energy Systems,2019,105:70-78.

[6] Ogoshi T, Yoshikoshi K, Sueto R, et al.Porous carbon fibers containing pores with sizes controlled at the Angstrom level by the cavity size
of Pillararene [ 6] arene[ ] ]. Angewandte Chemie.2015,54(22) ;:6466-6469.

[7]  Yan J,Wang Q.Wei T,et al.Recent advances in design and fabrication of electrochemical supercapacitors with high energy densities[ ]J].



%64 FRE,F:5LhR NS, 94 &AL BT BRETT 81

Advanced Energy Materials,2014,4(4):1300816.

[8]  ZesRMk, KI5, KRBKLL. I M AR A o v AR A 47 55 1 IR 4% Fb A RH R A 28 2 TR LD 0 A0l TR %44 . 2018, 3(4) : 1-11.

[9] LiHB.,YuM H,Wang F X.et al. Amorphous nickel hydroxide nanospheres with ultrahigh capacitance and energy density as electrochem-
ical pseudocapacitor materials[ J].Nature Communications,2013,4:1894.

[10]  PIUI. &L FL & 4 94 K B 500 Bl A ol o % el 1 RE A 5 [ DL K% « 3% # T K %%, 2018.

[11] Dai Z.Zang X.Yang J.et al. Template synthesis of shape-tailorable NiS; hollow prisms as high-performance supercapacitor materials[ J].
ACS Applied Materials &. Interfaces,2015,7(45):25396-25401.

[12] Nam K W.Kim K B.A Study of the Preparation of NiOx Electrode via Electrochemical Route for Supercapacitor Applications and Their
Charge Storage Mechanism[J].Journal of the Electrochemical Society,2002,149(3) : A346-A354.

[13] Zhao Y.Hao M.Wang W,et al.Effect of electrolyte concentration on the capacitive properties of NiO electrode for supercapacitors[]J].
Journal of Solid State Electrochemistry,2016,20(1) :81-85.

[14] Hu C C,Cheng C Y.Electrochem.Mesoporous three dimension NiCo> O, /graphene composites fabricated by self-generated sacrificial tem-
plate method for a greatly enhanced specific capacity[ J].Solid-State Lett,2002,5(3) : A43-A46.

[15] Zheng Y,Ding H,Zhang M.Preparation and electrochemical properties of nickel oxide as a supercapacitor electrode materiall J ]. Materials
Research Bulletin,2009,44(2) :403-407.

[16] Yang W,Zan G,Jing M A, et al.Controlled synthesis of Co34 and Co3 Q4 @MnO; nanoarchitectures and their electrochemical capacitor
application[ J].Journal of Alloys & Compounds,2014,611:171-178.

[17] Wang Y.,Shang B, Lin F,et al.Controllable Synthesis of Hierarchical Nickel Hydroxide Nanotubes for High Performance Supercapacitors
[JJ.Chemical Communications,2018,54(5) :559-562.

[18] Chen P,Zhou T.Zhang M,et al.3D Nitrogen-Anion-Decorated Nickel Sulfides for Highly Efficient Overall Water Splitting[ ] ]. Advanced
Materials,2017,29(30) :1701584.

Preparation and electrochemical properties of porous nano-Ni;S,

Li Shunying,Chen Xin

(Key Laboratory for Ultrafine Materials of Ministry of Education;Shanghai Key Laboratory of advanced

Polymeric Materials; School of Materials Science and Technology,Shanghai 200237, China)

Abstract : The nano-Nis S, with porous structure grown on nickle foam was synthesized by two-step liquid phase method.
The phase and microstructure of the material were characterized by XRD and SEM, and the electrochemical properties were
tested by electrochemical workstation. When the reaction temperature and reaction time of nickel foams oxidized by
(NH,):S;Og was more than 70 °C and 3 h, respectively. The surface of the synthesized electrode material was a porous thin
layer 3D structure with wide pore size distribution. There was no overlap between them. The cyclic voltammetry curve and the
constant current charge-discharge curve showed that the Ni; S, electrode material has good reversibility and obvious battery ca-
pacitance characteristics. When the current density increased by ten times, the specific capacitance decreased by only 35.5% ,
indicating that the synthesized electrode material has good multiplier performance. It can be seen from the AC impedance spec-
trum that the high-frequency region resistivity was 0.91 Q. and the linear slope of the low-frequency region was large, indica-
ting that the material had good conductivity. When the number of charge and discharge times of the electrode material increased

1

from 0 to 1 000 times, the specific capacitance increased from 1 015.4 F+ g ' to 1 222.7 F » g~', which was increased by

20.4% , indicating that the prepared Ni;S, had good cycle stability.

Keywords: nickel foam;porous nano Nis S, ;electrochemical performance;battery capacitance

[REHAKR BEL BFREK]



