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Abstract

Single-material electrodes do not satisfy the demands of high-performance supercapacitors. To
exploit the advantages of both oxides and carbon-based materials, a tightly packed NiC0204/C & S
nanocomposite is fabricated by sintering a Co/Ni-based coordination complex precursor at 400°C.
The composites and basic components are characterized using various techniques, namely, X-ray
powder diffraction, scanning electron microscopy, transmission electron microscopy, and ele-
mental analysis. The electrochemical performance is analyzed by cyclic voltammetry, galvanos-
tatic charge/discharge cycling, and electrochemical impedance spectrometry. A uniform nano-
composite was found to be formed of NiCo,04 nanoparticles, incompletely carbonized C, and in-
completely vulcanized S. When used as supercapacitor electrodes, the synthesized composites
show extra-long cycling stability (>20,000 cycles) during the charge/discharge process. This im-
provement in the cycle life of the composites is attributed to its highly stable structure. The roles
of C and S in forming a stable structure are investigated. The results show that a supercapacitor
with electrodes made from the as-prepared NiCo204/C & S composite will be promising for com-
mercial applications.
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I7E400°C T A Co/NR A EL ARk, BE]—FEREEIKINICo204/C & SYREAME. MAZH
RRF B, W RATH BfBEE. B HEENTEMNE, NEE SN EMREMARET T RIE.
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1. 518

ARk, L AR5 RO RL O R JE A BT B 72 B R 2 — (1] 35— K HRAD R B B A4 K 2]
BRRESEENMB], B XOPR T R SRR R R 4]. R TCeEEARL, TR —2H
() F AT RIS AN e 52 AT 2 i PERE RO R SR I R, W R A Sk, mtb sy, KMIEM A4, 37
B R U RS AR EE[5]

— kL, PR RIS ERR I LRI, HE AR &R A L s A
B, RMSFHEMEMEE, WRIEMEN. SHESGYRAMA RIS BEEMER L EZ, (HEHE
AFaE[4]. Fik, FFRBEIE IR — 2 5 BRIA I 52 A A2 AR R B T AL R . BT, iRk
TIRZATR—H M EMEL6] [7], (HZEE AWM BT E R IA F dr d A AR, R T el
ISERRL - BRI, 2w F AR AR AR AT B 53 4775 7 PR o 7 20 m 25 2 S B 2 FH P — /N kil o

NiC0,0, /& —Ff p-HU2 B4k, 25 TEIT 2.1 eV [8]. H'E FHMIRZE, SHE M TRE LG 6y
WARZ, HERW CERSERRR 9] N T RHNX SRR T, B E RN R R e K, R
PR TR AR RE J1[10]s T SRR A R — Rl R 77

AR SCARTE —Fh i) £ A e S5 F 1K NiCo,0, 5 C F1 S [E & HI(NiCo,0,/C & S)1 7. 1 e /KE
FEAT Co. Ni EhFERHME S F T () VAW A B Co/Ni IR AT A W56k 1A, SRJGFE 400°C T & thiRib sk
KAk, HEIE AW NiCo,0,/C & S. %E BRI LLHH NiCo,0, K15 2 MFEIA Fdy, N AT
BHE SR B8 T HE il
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2. XWMNEF=
21 MR58R%F

AT ARG R SEFTAS, RERAEAEH: MK (AIfa Aisha; 98 at.%), S A LB
L TIRAIA R AR 99 at%), Jo/K ORE(RE AR MM AR A 96 at.%), 7S/KEF LA A
KEFEBTHL T RANAE R AT 99 at.%). X-ray #3 K74 (XRD)f F % [E Bruker 24 7] Advanced D8 X
SHEATEAL, FAE S HH(TGAYE FHSE [ perkin-Elmer /A& Diamond TG/DT #E 41X, 13 HLB5(SEM)
fiFH3EE FEI A" Nova NanoSEM200 7k S 494 Mo 1 Wi Be, &9 lBE(TEM) S FH3EE FEI A ]
TecnaiG2F30 w7 3% 5 e 7 s, TR (C, H, N, 1 S)fdi 4 E Heraeus CHN-O-S RaPid JG %
S HTAL.

2.2. HEMEHIE

7£ 50 mL KRR A N 10 mL TS /K ZLEE AT 0.12 g S 4A L 54(0.003 mol)[E 44, 4R Jim 7618 iR 1l S 4
a5 LB/, PR UL IR NN 0.4626 g BB /K 1£(0.003 mol) il f4, dksEfidt, 2Rk
SRR TE5 50 mL BE#F B HIIA 1.0710 g /< /K & & AL 4 (0.0045 mol)[E 4, 0.3500 g /N/K & & ALER
(0.0015 mol) & A1 5 mL matiK, HHEAEMR. 8B R AR E] A i, gkl
/NETJE R EIRTR SRS 22 50 mL (SR IU SR 0 AT R N e, SRS RN S B T 120°C (1 FL AAVIE IR
S RCHEAR TP IR N 4 d, SN SE R K RN 38 [ ARA HV B SR, SRS R A K A TE K LB AR £ 1K
il G O HLE L BT 100°C AT HRAE A T8 12 h, W35 FH IS EST R, BDHIAS Co/Ni IR G
Be & e dk AR o

¥ Co/Ni IRAM AWM BEE AT, REE TS, LI 1°C/min BINHGHE B #z
400°C, fRiE 1h ELL2°C/min PR FERER =06, RIS 215 5% NiCo,0/C &S.

2.3 BRHRIESREENRS %

& B ENYIETEMEL NiC0,0,4 R PTFE 4418 8:1:1 (W Hulhn N 23S Ha ek, Fn b i
IKCEE, FEREVERBR, K5 IRES] & i IEEE B, BT 90°C 1Y Ha AVIE IR S RUHLAR
e, ARG ARERPIE RS FER, &, R E R 6 mol/L 1) KOH ¥l A7l .

AR B LR FL A A FELAL A MR RE IR 28 B O — R R VE MM RHE &8 TAE A Hg/HgO A
Pk, B2z B R, 6 mol/L 1) KOH VAW N R, CHITE60E FLAL S TAEN AR R4t

AN R B R AR A AT R C = 1WAV [11]315E, Hh C (Fg ™) 2B 2, | (A)R I HR,
t(S)A& BRI ], AV (V)2 R IR FEL R B, m (g) A2 v A R i

3. &ER57He
3.1. SERFFAERAE

i E NiC0o,0,/C & S BE &AL, AT XRD. & 1 42 NiCo,0, (JCPDS No. 20-0781)kx#t i
Al NiC0,04/C & S E & WIHIH# KATHE . NiCo,0,/C & S 7F 20.326° (111), 31.089° (311), 38.301°, 44.713°
(400), 68.210°, 1 77.809° £ kb (1% & NiC0,0, (JCPDS No. 20-0781) I, 1t Bl B &4 7E4E NiCo,0,4 [12].
ST ISR B R ES, XRHTE A NiCo,04/C & S R EEPIK S, 4 %2 S 8.
SR IE R RN E ST AAAEAR FE 2RI C MR TE RN S 22U, JTE A rai BAEl ¥ 25+
TSEAEAE C A S (CF38ME: &k 28.08 wt%, it 2.28 wt%).
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Figure 1. XRD patterns of the (a) NiC0,04/C & S composite and (b)
NiCo,0, (JCPDS No. 20-0781)

B 1. (@) NiCo,0,/C & S E&HF(b) NiCo,0, (JCPDS No.
20-0781)#J XRD &

SEM HIsRWF9E NiC0,0,/C & S HIEFF it — PIIE R & & H R T EEMR C /S, & 2 B/Ri%
BEWMRWOK RS POIRA B, 1X 5 XRD 43 H K RSB RARF . EXTE NiCo,0,4 1 NiC0,0,/C & S
17 SEM R LUK I, NiC0,04/C & S WX FHCRA B AN 2 divfds,  MiM502 B B /N ST BORLF HERR T AR, T
HER MRS, R EREAaYWHhEH Niv Co. CHM S TE, 5 XRD MIcESHHS BYa.
DA AR FnT LA, X P S 45 M ARG B A TR L 454 . NiCo,0, AR FUHE RS0 A, CFIS
WORIREE L, RGO R R R R SEE—iE, TE A SEM BT AR I HERR S5 25 I BOR R HUR A

I TEM #E—2B 50 T NiCo,04/C & S &MY KL #, Wil 3 Fivn. & 3 LI EHE H, 4k
T/ NBURL R 28 U HERRAE — 2, RO RS HUIRIES, X5 XRD 1 SEM &R —%. =¥ TEM
SR, EAYIR K R TR T A PE K202 0.2876 A1 0.2541 nm, 5235 A1 45 F ) NiC0,04(220)if
A1) 4 T 1A) BE 0.2869 A1 0.2447 nm 254bl. TEM 3 M4 Stk — E B 1 R O 7 YR bk b S5 H i i AL
REMMGEWE G C R SEBICEIEN, BA “REL” MR, “RINA7 Ao Ut 82 it
TE—HT o X 55 HEA 2546 R AT 205t BEL 1 /50 FLE o o PR R AR R IR [11] X P 5 2 HE AR 2540 5 5
THKESF . S uREN EEEREW MRS EEERN, BT CHM S EFERNER, 5 ek
1 B8 75 73 M SE 78 90K R AN [RDRST B2 B, T FOHE AR T I S5 2 ) 4544

3.2. BLFMR

WEA R RIS BEBUAE 73 ar i 78 7 NiC0,04/C & S K& & HIMRAA KL AL 22 14 5T

K 4(a)Z5Hi 7 5 #) 100 mV-s 93 K NiC0,04/C & S & & AT R FE IR 22 28, AN [F)433  f) iy
LRI B R A SRR S, T B 28 2 2 98 A R T IR JE AL 18] 10 mV-s 4 A
ZRATE 0.375 V AL HIAIERIAE B [ 7E 0.201 V AR IIIE R &, 1E /& Co(11)/Co(IH) F A J5 I B = AR [ [14]
RNy, 76 10 mV-s '3 FdhZkrb, 8 0.385 V ALMISS4EILIE, HIRIAE 0.245 VKb fIE JE g B 1% 5
Ni(H)/Ni(H) R R SR SR = AR )

N T TS NiC0,0,/C&S HIBUHRE AN S Ll 2, MR T %2 A0 A R H I8 B R RO e v s
B2k, s 4(b)Frm. AR SCHR[1LH B 2N 0.5, 1, 2, 3, 5, 8 1 10 A-g i ELHLZR 43 il 2
266.78, 247.35, 225.23, 218.89, 208.06, 190.11 1 180.16 F-g . F1T-7E & i s 1K L IR 5 B eEL AR 4
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Figure 2. SEM images of NiCo,0, (a) and NiC0,0,/C & S composite (b) and energy spectrum (c)
2. NiC0,0, (a)Fa NiC0,0,/C & S (b)) SEM El 5&EiEE (c)
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Figure 3. TEM image (left) and high-magnification TEM image (right) of NiC0,0,/C & S composite
3. NiC0,0,/C & S E& 4K TEM (50 nm)[E(Z)F1= 434 TEM (5 nm)E(H)
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Figure 4. Electrochemical properties of the NiCo,0,/C & S composite. (a) CV curves (current vs. potential) at
different scan rates. (b) Galvanostatic charge/discharge curves at different current densities. (c) Electrochemical
impedance spectrum. (d) Cycle-life performance during 20,000 cycles at a specific current of 3 A-g™

B 4. NiC0,0,/C & S EAYIHIRLUF M. (a) FTRITETHEARRHL; (b) FRIBREE THIE
FORTRELERL; () BEMEILE; (d) 3AY BABE TRAEGHL

B 805, P ARl R B THE T R . NiC0,04/C & S I EL AR LU, X R e 1 X 25 HE
G oo RUNHER I LR B %, SEOL LR MR FEEAMNE ) NiCo,0, MR/, RILBEK T Lt
=[12].

Fl 4(c) o B RSB AR AT BEL A Bt El — A v A [ ity 2 R AT B 2R 4 i PA) L BEL (Ro) 28 7~ LR 1 A
TIER P, vE AR E G A A RS r R AR Ak FL S 2 A, AT DL B R A0 E x Bl R
PEORAR . PR R O AT A6 #2 R BH (R, T LAE 2 [ B AR SR A3 [12] 0 015, Ry AT Ry 1 230 02
1.12 1 0.87 Q. ASCHAMA RN Ry Fl Ry B2 LU SCHRIRIE [ NiCo,0, MBI RS, JEIHE Ry, Xt 5K
YR EE A . 5 CARIE I AR LG, RSO B B Ry Rl . XD HEHE T 5%, £
£ NiCo,0, Fi T HERTEM BHE A T AE R T, A KHBFEAR T bl By A, SR R B R T, F 8
TR R 5 —J71H0, BABUHT B 5 - X —IRAERR 1 A SCHARA R ) 5 5% HERR 25 )

JRUE B MEAR 45 W 3 BUAR ST AR A L) 3 — Sl i, (' B 15 A ST H AR A B NiC0,04/C & S
BAMKEIE Hdr. 14 4(d)42 3 Ag LN NiCo,04/C & S KITEH A2k, & A x, 7EHT 8000 &, Lt
L2 R O VA RLZ A AR S AL TG T TH i [15]. 8000 [ LAJS, L HATTUAZEE T %, ELZ 20,000 [&1
535 90.6% W 4H FL 2 (218.89 F-g ™). X ARRUE IS5y, (A ST AR RL AT S — Fh sz F 1 AR 4 e 2 2%
HLAR A o
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ASSCIE I P L AL NilCo TRG TS &R IR RT3k, il & 1 — PR 5 R A R E M 1Y

NiC0,04/C & S YKE & ¥kl A NS B iR 2 i F AT M . 75 3 Ag, izt RHA B
HL25 2 218.89 F-g ™, ¥R 20,000 P& 55184 7 90.6% HIMIHA L FAAS o XK TEFF 7 a5 25 T L 5585
R G G2, HiBam/bE C M S e X ME G4 RR ETEH . RILR=EEST®R
R R AE S, W RN RS R R s . A SCHI S AR R RAE, 5 T4,
ML VEREAL R, X 48 A ) g i 25 28 PR R 1) S B B R i 9T B RSB AN .
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