=5 M0t = 1k

Acta Materiae Compositae Sinica

BRIRNICo,S il 5 K HAEK OV R HH AL 34T 0
KAt XRS5 2R A E S
Preparation of spherical NiCo,S, and the electrochemical behavior in KOH solution

LONG Sheng, LIU Yi, ZOU Pan, YANG Fanming, HE Guowen
TELR AL View online: https://doi.org/10.13801/j.cnki.fhelxb.20240626.002

AT ARG oA SCEE

Articles you may be interested in

NiCo 0, HPKERISICAT 3 2F 4l S L2 e

Preparation and electrochemistry properties of NiCo,0 , nanowire/SiC composite fiber

S A EIER. 2020, 37(7): 1684-1694  https://doi.org/10.13801/j.cnki.fhelxh.20191121.001

KA A HRAGOMo,, o 1S, b 2L S A b

Hydrothermal method of rGO/Mo, ,Coy, 55, nanocomposites for high—performance supercapacitor electrodes

FAFRIEER. 2022, 39(10): 45804589  hitps:/doi.org/10.13801/j.cnki.fhelxb.20211028.001

S L YRR A LS SO R AR 2= e fE

Morphology control and electrochemical properties of three—dimensional hierarchical NiCo,0, structure
BARRIEIR. 2024, 41(1): 281-292  hitps://doi.org/10.13801/j.cnki.fhelxb.20230511.005
BRI A3 Cdn, S, /Znln,S S ek il # B HOL A AL AE

Preparation and photocatalytic properties of novel composite CdIn,S,/Znln,S, heterojunction
BAMER. 2023, 40(12): 6649-6659  hitps://doi.org/10.13801/j.cnki.fhelxh.20230321.001
NiS,/ = A Z AL A S S S AR R 248 F AR ARG i A2 P i

Electrochemical performance of NiS,/3D porous reduce graphene oxide composite as electrode material for

supercapacitors

A MR 2020, 37(2): 422-431 https://doi.org/10.13801/j.cnki.fhelxh.20190508.001
A5 5 @MIn O, FE 8 25 FRL 7 BB R M S

Research progress of hiomass carbon@MnO,~based electrode materials for supercapacitors

A RIEAR. 2023, 40(7): 38123823  https://doi.org/10.13801/j.cnki.fhelxb.20221109.001


https://fhclxb.buaa.edu.cn/article/doi/10.13801/j.cnki.fhclxb.20240626.002
https://fhclxb.buaa.edu.cn/article/doi/10.13801/j.cnki.fhclxb.20191121.001
https://fhclxb.buaa.edu.cn/article/doi/10.13801/j.cnki.fhclxb.20191121.001
https://fhclxb.buaa.edu.cn/article/doi/10.13801/j.cnki.fhclxb.20191121.001
https://fhclxb.buaa.edu.cn/article/doi/10.13801/j.cnki.fhclxb.20211028.001
https://fhclxb.buaa.edu.cn/article/doi/10.13801/j.cnki.fhclxb.20211028.001
https://fhclxb.buaa.edu.cn/article/doi/10.13801/j.cnki.fhclxb.20211028.001
https://fhclxb.buaa.edu.cn/article/doi/10.13801/j.cnki.fhclxb.20211028.001
https://fhclxb.buaa.edu.cn/article/doi/10.13801/j.cnki.fhclxb.20230511.005
https://fhclxb.buaa.edu.cn/article/doi/10.13801/j.cnki.fhclxb.20230321.001
https://fhclxb.buaa.edu.cn/article/doi/10.13801/j.cnki.fhclxb.20230321.001
https://fhclxb.buaa.edu.cn/article/doi/10.13801/j.cnki.fhclxb.20230321.001
https://fhclxb.buaa.edu.cn/article/doi/10.13801/j.cnki.fhclxb.20230321.001
https://fhclxb.buaa.edu.cn/article/doi/10.13801/j.cnki.fhclxb.20230321.001
https://fhclxb.buaa.edu.cn/article/doi/10.13801/j.cnki.fhclxb.20190508.001
https://fhclxb.buaa.edu.cn/article/doi/10.13801/j.cnki.fhclxb.20190508.001
https://fhclxb.buaa.edu.cn/article/doi/10.13801/j.cnki.fhclxb.20221109.001
https://fhclxb.buaa.edu.cn/article/doi/10.13801/j.cnki.fhclxb.20221109.001

FRREMGE AT, FRELHINGEE



Eé*ﬁ*ﬂ'i*ﬁ a2k AW 48 20254F

Acta Materiae Compositae Sinica Vol.42  No.4  Apr 2025

DOI: 10. 13801/ . cnki. fhelxb. 20240626. 002

Bk 1k NiCo,S, BI#] & & H 7 KOH iz ik H
BEITAH

£, &, SR, BER N DX

(R RS e TARAEBE, (RS PRI S REAT RSN P 2 18 o A i SE IR, 43 PH 413000)

# E : NiCo,S, " Ni F1 Co JLR A LA & 57 i 8, AR E S W BOE LA T FIREE % . X NiCo,S,
rP R 2 A R A Y STRR SR A T 4007, A B THESh AT B IR AT & . DAL TREN N Co IR . ZRER N
Ni J5 . B EER A UTRER], K A Bk i 4 B 1 5 B A2 PERE A BRI s AR AT BB TR R (NiCo0,S4)-
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0.402 cm®/g, FHAFLHLBIH 90.6%. NiCo,S, 7F KOH 1 ¥ H Rl H = A= XU e J2 Fi 28 FIE L 2%, P 3 BT o LR A6
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W, HERFEN 90.3%.
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Preparation of spherical NiCo,S, and the electrochemical behavior in KOH solution

LONG Sheng, LIU Yi, ZOU Pan, YANG Fanming’ , HE Guowen’
(Key Laboratory of Low Carbon and Environmental Functional Materials of College of Hunan Province, College of

Materials and Chemical Engineering, Hunan City University, Yiyang 413000, China)

Abstract: In NiCo,S,;, Ni and Co will participate in the charging-discharging process at the same time to obtain
higher specific discharge capacity and energy density. Moreover, it is helpful to promote the further development of
electrode materials by analyzing the contribution rates of double layer capacitance and pseudocapacitance in
NiCo,S,. The spherical electrode material of nickel cobaltate (NiCo,S,) with excellent electrochemical performance
was prepared through hydrothermal synthesis method using cobaltous acetate as Co source, nickel acetate as Ni
source and thioacetamide as precipitant. The phase, morphology, composition and pore structure of NiCo,S, were
characterized using XRD, XPS, SEM, TEM, mapping and N, adsorption-desorption techniques. Besides, the electro-
chemical behavior in KOH electrolyte was investigated. The results display that the spherical NiCo,S, is success-
fully prepared and the molar ratio of Ni, Coand Sis 1 : 2.1 : 4.2. NiCo,S, is a cubic phase polycrystal and the lattice
constant is 0.9387 nm. In the lattice of NiCo,S,, Ni and Co exist in the form of Ni**/Ni** and Co*/Co*. The pore
volume of NiCo0,S, is 0.402 cm®/g and the proportion of mesoporous pores is 90.6%. In KOH solution, both of double
layer capacitance and pseudocapacitance are generated and the ratios are 60.6% and 39.4%. When the current

density is 0.2 A/g, the specific discharge capacity is 409.7 F/g, energy density is 14.2 W-h/kg. After 10 000 cycles, the
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capacity retention is 90.3%.

Keywords: NiCo,S,; KOH; globular; capacitor; charge/discharge; double electrode layer; pseudocapacitance
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1.1 [FE#r#
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Ni(CH3C00),-4H,0 Fll 1.635 g Co(CH;C00),-4H,0,
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DANi I, NifSHEE/RILA R 18, il
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NiCo,S, ML Fr it 0.958 g (IS i &} 0.998 g),
JEERL) R 96%.
1.3 NiCo,S, B ER1E

F AL 5t AT XD-6 B X-SF AT Y NiCo,S,
AR AT ARSI, 03 A Bl 10°~80°, X FIRTC
SEOT SRR R, T S 0 O A B e
AR A 2 2 (1) Hh & TS ORI RS R RO B iR
R AT R EE . A (1) e dygg A2 b TR B
aEMEEE, h. k. URTETEE. R Thermo
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45 X NiCo,S, 19 o6 R 4 K47 43 M7, 38 2 32 [
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S BT NiCo,S, i FLEE AT 20 Hr o

a

dpii = —m (1)
1.4 WERAREBLFERNK

W R — F S o T 1 g N- Lk g o i 22
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47 0.025 mg/mm?*, B R T — B AR
IEfH, 6mol/L KOH ¥ i i L fiff ik 20 %< fn =0
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B (g)s t MHLHLI T (s); [ Udrshy it it 2 o
BT AR (Ves)o N T i — 25 B8 U NiCo,S, 7F KOH %
Wb A2 AT, Al LR 2K (5) ¥t NiCo,S,
TR E 2R S AT A0 A B2, e, v SR e ]
HIEEL (1/t, 1/8)s
.. zlj Udt
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(2)

IfUdr
E, = 3
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3600E
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2.1 #RIRIE
2.1.1 NiCo,S, FI#¥IHH

12 50 B9 XRD K%, al 0, # 50 #9 XRD
£k 5 NiCo,S, 1) PDF#20-0782 {5 HAH W&, i
W] NiCo,S, f #4 l #5 W 2 . 1R #% PDF#20-0782 {5
SR, I £ 19 NiCo,S, 42 57 7 M AT R, db kg
BN 0.9387nm., 26=26.741°, 31.643°. 38.267°.
50.622°, 55.323°43 ] H B (220). (311). (400),.
(511). (440) d&f T A 177 565 0%, JF H 08 5 JF 5098
A1 NiCo,S, 72 T /0 3. J7 45 4, JF H al i 35 534
AR BT, T RLEE G 2 2 (1) b s T e AR
wm A% B BT B A% 1 NiCo,S, Y b T R] B .
WY 45 BT 40, (220). (311). (400). (511).
(440) 1% & 170 18] BE 43 %1 2~ 0.3319 nm. 0.2830 nm .
0.2347nm. 0.1807nm. 0.1659nm, I 5H 4585
PDF#20-0782 [ {7 8 —2(, [H I NiCo,S, A T 0> 3.
I7 ik .
2.1.2 NiCo,S, H' Ni 1 Co [ &

€ 2 b NiCo,S, HJ XPS i, h4i&l&l (& 2(a))

PDF#20-0782

& (31
@ (440)

Intensity

20/(°)
B 1 NiCo,S, ] XRD [k

Fig.1 XRD pattern of NiCo,S,
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¥
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[5 2 NiCo,S, [ XPS i (a) 4xi%K; (b) Ni2p A5 ;
(c) Co2p Kignit
Fig.2 XPS spectra of NiCo,S,: (a) Full spectrum; (b) The fine spectrum
of Ni2p; (c) The fine spectrum of Co2p

AL, NiCo,S, ¥ fif & T Kz I ] Ni, Co F1 S 3 Ff
JLE, JFEHSESNIN 11.1at% ., 23.2at%. 47.1at%.
PANi fF M, Ni, Co M SEE/RIL AN 1:21: 4.2,
SESMH (12 4)MT. A Ni B XPS K 41 15 3%
(K1 2(b)) AT 01, 454 fEh 873.2eV. 852.3 eV &b 43
SRS I B N2 2py ), F 2pg), FHE -HLIE 20 240,
874.7 eV Fl 855.8 eV &b 43 5| & I £ N> 2p,,, Fl
2P/, FIHE-HLIE 43240622 K, Ni 7F NiCo,S, 1
[FBFLANI® . Ni*TEREE. SR, Co 7 NiCo,S,
Wl e A RE sy 24, JF H7F 798.2eV. 781.3eV Ab
I Co™ 11 2p,,, Ml 2pg, H TE-HLIE 70 240, 7F
796.7 eV il 777.4 eV Ab 7= 4= Co™ ) 2py ), Fl 2ps5 H
JiE - 38 43 240 B (18] 2(c)). M, Ni il Co 7E
NiCo,S, H' L Ni**, Ni**, Co*#l Co™ B A7 1k
2.1.3 NiCo,S, FUTES | K 40 45 #4 1 o 2 4 A%

% 3 & NiCo,S, ) SEM. TEM Al Mapping Il
&5, 454 SEM (# 3(a)) il TEM (/& 3(b)) i3
ZERAT A, NiCo,S, Wrki £ BRIR, A ZHIL, FF
HAorat R 4r, T RHAR . NiCo,S, X —Ff A B
T H AV T AR AR AR B, RAS R LAk
FPERE . NiCo,S, TS LA 2 A8, IF
HEIAFEE LR, 368 Fr % 19 NiCo,S,
R 22 SR (K 3(c)). i E 3(d) T %1, NiCo,S, 17
FEU B A AS SR80, 4l IA)E T (311) AT (400) i
i, HE— UL NiCo,S, N i &AM K, Ni, Co #l
SR FHEF R B K AR A P W 4F S . i Mapping %5
(1 3(e)~3(h)) AT A1, NiCo,S, H1 #£ 7 Ni. Co
SILE, HFHILR & &SN N 11.7at%. 24.8at%.
50.9at%. LA Ni & & FHEHfE, Ni: Co: SEE/RKHN
1:21:43, Mapping 455 XPS 45} — %, #
P XPS FI Mapping il i 2% 5, NiCo,S, Hif & A
D CHMOILER, ME TR HN 7.5at%. 5.1at%
(Mapping 45 ). > C L& I HLFE NiCo,S, Z 1,
ATRESE R T O REE A 5 Con R e R p
#E A NiCo,S, A Z ;@ /b i CO, W I T £ fL
NiCo,S, HLtk APk Z H, it O JEE H BLAE NiCo,S,
Zh, n gl T8 Co, fil HyO W B T £ 4L
NiCo,S, FL M KL Z
2.1.4 NiCo,S, I Lt 3 1 AR FnfL 4544

] 4 J& NiCo,S, 1 N, WL B - Jid B Hh 28 . &1 4(a)
i1, NiCo,S, [ N, W Fff il 26 55 Tv BUAE R 2, IF
Hol SR i e & S E A . HXT R p/p &b T
0.45~1 (F, W2 St A E S, B
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Fig.3 SEM (a), TEM ((b)-(d)) and mapping ((e)-(h)) spectra of NiCo,S,

JE ¥R, X JE T N, 7E NiCo,S, [FLiE 1 7= 4= 40
ERER AUV FITEL, NiCo,S, [ L iy 175 m?/g,
FLARF AT 34 0.402 cm®/g., 1 & 4(b) 7] %1, NiCo,S,
I FLAR 23 A it 2 AL RE A 22 AL, (EA LT i L
Bl K (90.6%), I HALME FEEEF T 2.1-21.3nm
ZiE. L EfE B RIS, NiCo,S, & HAirfLE S/
ZALM R
2.2 MEBLFEERE
2.2.1 TEHAR A (CV) i

% 5 & FkIR NiCo,S, Wik 7£ 6 mol/L KOH ¥4 ik
T CV SIS . AR 5 mV/s B, NiCo,S,

1) CV A B 4608, I HL B SAURE B0,
W] NiCo,S, 5 KOH HLfi# W ) i, P A2 . M
P XPS 45 AT A1, NiCo,S, H [l £ 7E Niz* . Ni®*,
Co™ il Co*. 454 CHkHiE"™, Ni*n[ 5 OH 454,
SEHLNI®/NPCH AT G A . S AR, Co* i HT
5 OH %54, T Co*/Co®/Co™ i ] 3 % e . AR
75 #E = (6) M1 (7), NiCo,S, £ KOH ¥ ¥k H 1l LA
Ii] i} 52 B Ni**/Ni** il Co*/Co™/Co™ i 1 300 % # |
T 58 B 70 L HEA TG BE Y, LM, NiCo,S, &
Z LA R, H 2 i AR ALK AR oA 175 m¥/g .
0.402 cm®/g. KR IR M A Al LIy K. OH 42
BEWZ RO A, 5 2 0 H R RS R AR A B ORI
FF NiCo,S, Eifi, F=AEMHZHRZ ., FHIt, NiCo,S,
£ KOH ¥ & T mI e [m] Bsf 7 A= WU 28 RIS rL 2 . B
EEkiiB Y D NOE-R AR DAL 5 b N (YY)
LB W/, AR A 22 (AE) ¥ K
(B 5(b)), KAH R T 7080 AT 3P R AR @
HL UL 32 W B R, M Ak R, TS AR o BB B

FEAR o
NiC0,S4 +30H™ < NiS4_4,OH +2C0S,,OH+3e~ (6)
CoS,OH+OH™ & CoS,0+H,O+e” (7

2.2.2 FUCHLHERE (GCD) MR

% 6 J& NiCo,S, £ KOH H, fi# & 1 11 72 ik e, 4
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