34 B2 T WL MR 2 AR Vol. 34 No. 2
2019 £ 2 H Journal of Inorganic Materials Feb., 2019

T EH2: 1000-324X(2019)02-0130-07 DOI: 10.15541/jim20180158

NiCo,S;@ACF SRR B F EF &
HBRBAMTRENR

R f%%ﬁ“ BB, B E o kR

(RETLXF | o BRSBIRLARETLERE;2 FEEMFILFR; 3. HRFR, RE 300387)

W FE: LG NiCo,S, B AL F2 7 2 i i, ABREECR, I H Al Ly 3 i rE 2 o A TAF i 4R (0 R 1K) =
TR BRI 1] 2% DTS P IR 27 48 (ACF) A%, NiCo,S, 5% 52 & 5 i 45 Fa AR A4 B (NiC0,S,@ACF) - NiCo,S,@ACF
AR EIRGE W, RO K T 5B mE R, Sk T BT IR AR, R AR R AL
PhERE. EFIS N 1 A/g i, H BB {E =ik 1541.6 F/g (678 pF/em®). P4k, NiCo,S,@ACF F1 ACF 23 B/ IE 47
225 B P =l X R B 2% FL 25 2% (Asymmetric Supercapacitors, ASC)EHL T AT R ALk MEfig: BB g, HohRe
55 800 W/kg B, Rei %4 =ik 49.38 Whikg, R PMERERRE, TEIFFBE 2000 [ )5 L R RE AR $F 90.27%. HF
TR, NiCo,Ss@ACF & HMRARL R —Fh B2 A B 5 I F0 788 2 B 25 2% F AR A B

%k #  i7: NiCo,S,@ACF; FJiidh; sttaffil#; JEXRBY s as

FEISES: TQ069  XEkFRIRAD: A

Green Preparation and Supercapacitive Performance of NiCo,S,@ACF
Heterogeneous Electrode Materials

ZHAO Shi-Huai'?, YANG Zi-Bo?, ZHAO Xiao-Ming'”,
XU Wen-Wen?, WEN Xin®, ZHANG Qing-Yin'?

(1. State Key Laboratory of Separation Membrane and Membrane Process, Tianjin Polytechnic University, Tianjin 300387,
China; 2. School of Environment and Chemical Engineering, Tianjin Polytechnic University, Tianjin 300387, China; 3. School
of Textiles, Tianjin Polytechnic University, Tianjin 300387, China)

Abstract: Traditional NiCo,S, vulcanization process requires high-temperature and high energy supply, and has
disadvantage of low conductivity. In this study, an environmental friendly vulanization method was utilized to pre-
pare unique NiCo,S;@ACF core-shell heterstructure materials with activated carbon fiber (ACF) as skeleton at
room temperature. NiCo,S,@ACF composite electrode material owns layered structures, which can effectively ex-
pand contact area with electrolyte, improve electron transmission path, and better create electrochemical perform-
ance. Specific capacitance of NiCo,S,@ACF composite electrode materials reached 1541.6 F/g (678 uF/cm?) at the
current density of 1 A/g. In addition, the asymmetric supercapacitors (ASC) device fabricated with NiCo,S,@ACF
as positive electrode and ACF as negative electrode exhibited energy density as high as 49.38 Wh/kg at the power
density of 800 W/kg, and preeminent cycle stability up to 90.28% after 2000 cycles. All these data demonstrated

that NiCo,S,@ACF is a promising potential application in the field of high-performance supercapacitors in the future.

Wi BEA: 2018-04-10; WEMER AR HHA: 2018-07-29

EETH : RETHARIFIES(12JCZDIC28400); RiETAHERHR R H (16JCTPIC47600); FRid iR HHRIT H (15PTSYIC00230);
& AR B35 421476172, 21206124)
National Natural Science Foundation of Tianjin(12JCZDJC28400); Tianjin Science and Technology Commissioner
Project(16JCTPJC47600); Tianjin Science and Technology Plan Project (15PTSYJC00230); National Natural Science
Foundation of China(21476172, 21206124)

{EE RN BHHR1973-), B, #I%. E-mail: zhaoshihuai@tjpu.edu.cn



ER

BATHEPR, 252 NiCo,Ss@ACF 5 Jit FARE e i 2t (2 ) 48 S L 20 Fb 7 2k

AEE AT 131

Key words: NiCo,S,@ACF; heterostructure; green preparation; asymmetric supercapacitors

Bt A6 AN T 3 2B BRI I AN TV FE,  REJEAG v DL AL
AERAREE )@ H 25 R, KR — AT RS, AT AR
i B B £ e 78 JE U2 R g e s B R LT R B
FICHHI 10~20 £%). FEHEEE . 1EFFHFdaK
CH L ) 20~30 £35) FIR 85 A 4 S5 10 05, 7 HLAk 2
il RS % 32 K . SR, BEAE (B4 NFERE R & 10
T R R, 6B R 7Y A e A AR B SRS T
SRR P

SFF B AR R UL, HEREI 25 5 AR
B UIAR S . K 22 307 FH A 2 v 75 2% 1) AR T 2 4
B L (V00U J2 L AR, X R R B AR B R
TEI T d VORI D 25 B, (H FE 25 A RE 1 %% BT 200
ANRET A HBRZE M TR o TR 2 b Rl i T )
R RNRAE SRR LR EE, BE
ek e ERE . I sl AR {Fﬁ)%’
AW, ALY (RuO,D . NiO | NiCo,04"
MoS,™). PLK SR AR, R,
75 H AT 7T, T 25 R A7 AR S L R R T8 3
FL Ik R PP AR R AR (b (R BB, T VR I A T B A R 2R
MR . N Tt — D3R T A R ) B AL 22 M R
— e ik ARG, L DUBR AR YRR, 540
KEEKIMELE Ao DK A R 42 FF L 3R 1 A
PRALTE 2 S AL A AR AR A R R A TE—
6L A= R IS LA 2 K 8 R I IR 45 45 R 1 SR A
ML, REGS (AR AR A R = A I R, (%
B AR R A A e . Eh e R A R T
SR G M R SR T B A BRI, SRR T RE
= E

NiCo0,Ss H A Ni**/Ni* F1 Co™/Co™ PiFh 4 LIk
JEHE T0F, AT LR 4 Bk AT AL TR R i R

Sl )

Niz* ACF Co2

Solutlon B urea

Rmsmg

dfymg

Heat treatment w1th
magnetic stirrer

THIC A o [FIF, A T LA S AL P (NiCo,04),
HREMUEE A . fEZ AR Z BT, NiCo,S, HIBAL
J\_fzﬁr%Uum*J/J e RIRSEAE N JMJCJ;('J Et
el K FGE B 2 AR TTRE B # . IXEETTVENS T
LI SR AT EOR RS . BERE K H 5 7 A A LARE R TS
ey 1417]
AR EiRmAE, EZELEHT, 1#
I e VA 2 D A B0 T A BE AT IR, AR 4 R AL
Y EEE TR R 2 5, (VIR ) S™ K B IR
A OH B 4 ok, ARG LLIEPEIR 21 4E(ACF)
N~ JRIR NiCopSs ATE, BA ARG 1 57 5 4
M EHNIC0o,Ss@ACF), FEHFFL I A P fE

1 EWHZE

1.1 NiCo,Ss@ACF §& Bt #layH &

HY 1 mmol Ni(NOs),"6H,O 1 2 mmol Co(NO;),-6H,0O
BT 20 mL EEFKH, FHSEH 20 mL oK LB
UL VS P OR A7 4 5 HOR A, WA B EE 20 min,
TERC A VG B 720 mg JREFWET 12 mL £ 51K
H, RO, B Bi. K AL B R SRE
HBN 100 mL H7K#AEH, 78 100 CHEFE F 5 E
10 he RPMSEMRIG, HRAHE IR, H1THE
TR CEEMEB TR E Pk, RAEET 80 CH
TR T4 10 h, 921K E A1) Ni-Co AKX
o IR, ATIRIARLE 33wt%H) Na,S il IR
12 h, #3E, JERH LB FK. BKOERE W,
80 C NEXTHE 10 h, HEIBEH R, FHBANER
fref, DL 2 ERTHE A 350 C, R 2h, B
A H G155 NiCo,S4@ACF E & HARA B 1),

Vulcanization

R, <4
%

1 NiCo,S,@ACF & & HARA R il 25 i 2

Fig. 1 Preparation process of NiCo,S4@ACF composite electrode material
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Fig.4 (a) CV characteristics of NiCo,S4@ACF composite electrode materials at different scan rates, (b) GCD curves of
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Fig. 5 CV curves (a) of NiCo,S4@ACF electrode and ACF electrode at scan rate of 20 mV/s; and (b) ASC device
in different voltage window at 20 mV/s and (c) ASC device in a voltage window of 0—1.6 V at different scan rates,
(d) GCD curves and (e) specific capacitance of ASC device at various current densities, and
(f) cycling performance of ASC device at current density of 7 A/g
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different ASC in an aqueous system
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