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Abstract

Supercapacitor is a new type of energy storage device that can be quickly charged and discharged,
which has a long life and less polluting to the environment. Active materials are the key to deter-
mining its performance. We prepared the Co.Sy electrode material for supercapacitor by hydro-
thermal method. The structure and composition were characterized by scanning electron micro-
scopy and X-ray diffraction spectroscopy. The results show that the specific capacitance is 53.667
F/g with current density 0.02 A/cm?, which shows excellent capacitance performance.
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1. 5|

L HL A% T RERS 1) B s — A B ZE A A RE R SR IR SR[1]-[10]. 19 &R Bt e oo
RUA S FRARL, B m A, (RBEPUA m DR A0 %S, A2 AU & BONRSI NTRTE, 2
AL IE JEU R 7 A LA AR A SRR R [11]-[16] - BRALES BT RIUFAO AL 2R REMIWETE, AR, /]
WEERELF, HAMRG(EE, & H AT Al SO R B B 2 —[17]-[24] 0 Rk, ASPRAE LKA
] % A [ LA B B A B 74, X L AT LA A PR RE AT » I3 H BRI A A il 2 re R AR IO AT L

2. KIS

K F 181 5 7K PO S R AL AT RE, % 75.0 mg F127 (4044, B4 T)IANE] 30°C ¥ 50 ml 2251
KA, FEREEDERE 10 min, SRJE AN ZEREG (2 Hrall, B4y 1), 4ka:fa e et 1 h, SaMABIR(HT 4,
BRI T), FEEE 24 ho K BRI ABIDEIBINFE A 50 ml B SN AEA, KN EN 160°Cf#IR 12 h.,
Rr G, BT B O AL B B R, R 2B FK. oK CREETEUR, 60°C N2 T/
5h. #%f CoS:PVDF: Z e Ha it & Lt 10:15:75 R A (F T /K ZBEAE IR, IRIE 1 om x 2 cm (LIRS
FO&EZ 1emx 1em), 50°C FE A F4.

AR SCFTF AL SR K TR ) S AR R RIS IR, DU E N TAE AR A
Ho/HQ,Cl, BARIE NS L A A SR o FR, 38 FRLA 27 AR Sl (R A R AN AT 51256 . A
B JSM-6360LV (H A s F ik N 1) XM B TR S0 5 S5 M dE47 3RAE . X 5 26437 5 A (XRD) Jd i
DX-2700X ;- ¥k B AN AA R A BR 2 7YX FE it 0 AH AT 04T

3. &R511i8
3.1. X BFE& 1753 (XRD) 53 4fr

P 1 A BB H: CoS, HIfT SIS N 1 20 18 32.451°, 36.471°. 39.917°. 46.391°, 55.105°. iXJL
AT S FRHE PDF R (41-1471)FHXT B, A7 /D B CogSg FRIATHTIENS B[] 26 E N 29.988°. 47.956°
52.428° 5f5if PDF & v (65-1765) A% % 24 F127 RSN 0.5 mg/ml B CoS, (AT 5 e i H 56 & 45 ik
WG F127 WREEMHE R, AT UEiz 9 A HLAT I S FEAIC: 24 F127 KJE N 2.0 mg/ml I, CoS, AT %
i AR E B 2 I ELAT S0 ) 5 B L LRSS F127 IRFEMIIEIN, B CooSe MIAFTE . T 506 T 4h 1) J& [R ]
e 1T CoS, MURL R /N T B«

3.2. FHEEEHESEM) S

Kl 2(a)~(e) 9 160°C T iR IIANR] F127 #FE T Hil45 BIBRAG A ADRLZE 3000 %528 R B4 Fi Bz ], 14 2(f)~(g)
9 F127 #5749 0.5 mg/ml. 2.0 mg/ml B4 7€ 5000 £ 2 T 44 B4 I« 4] 2(a) i, F127 <% 4 0.5 mg/mll
RS 1T 3 SR BRI RORLIR , UKL TSI G, Bl 2(F) n] ASEIE 2 3 A A Bl R SR M0RE 2 Hh TG 2
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NIRRT . E P 2(0)~(e) BT, Bl FL127 ¥R K(1.0 mg/mls 1.5 mg/ml. 2.0 mg/ml. 2.5 mg/ml),
BB R RURLRAR I TR, VR I GBS DL AR . 1] 2(d)RIIE] 2(0)Fr, AT DABH R H A1 R B4 A5 DA
G, TSGR RS I H AEH A0/ N RTRRR . X T F127 R T R RO A B R A I [25]
B F127 W FERISE S, TR A Al BEL R 4 bR B 5, Bt el SR REAR RST80T A ) R 8] 1) 4]
o WEREE 1 XRD KIMNRLE RARRE—E, BE FL27 IREEMIBE K, BRALES FORAR RTINS 80t
FTET BT Ak . ML E LTI LAE Y, 76 F127 3K N 2.0 mg/ml I, #5630 e i PR AR T 50
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Figure 1. XRD spectra of CoS with different F127 concentrations
1. AN[E F127 iRERIMALSEEY XRD T&[E

Figure 2. (a), (b), (c), (d), (e) Scanning electron microscopy (SEM) at 3000-fold for CoS with different concentration of
F127 (0.5 mg/ml, 1.0 mg/ml, 1.5 mg/ml, 2.0 mg/ml and 2.5 mg/ml respectively); (f) (g) Scanning electron microscopy (SEM)
at 5000-fold for CoS with different concentration of F127 (0.5 mg/ml, 2.0 mg/ml respectively)

B 2. (@), (b)s () (d) (e)3BF F127 3REF 0.5 mg/ml. 1.0 mg/ml. 1.5 mg/ml. 2.0 mg/ml. 2.5 mg/ml B9FELEERY
7£ 3000 fEE T A9 SEM B&; (). (9)A F127 iR (0.5 mg/ml. 2.0 mg/ml)FR{t$47E 5000 {ZZE TR SEM &
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3.3. BLEMEESHT

3.3.1. ERFHENIK(DC)5rH#r

AR Cm = 1At/mAV TR HANE F127 WREE T & BB AL B AR BHEAS [ AR B R I FL2S
8, W71 Fim. M 1 Hdaran, 24 F127 W& 2.0 mg/ml i, 78 B2 N 0.02 Alem? IS () b B 2548 5%
K, N 53.667 F/g. PENG 5[ 26l i i+ iE CS, HIFIE, a5 0ERES M L= ERE i, 75 1 Alg F1 20 Alg
AT, HEARMEBAF] 1301 Fig 1450 Fig. i AE S HERRHEZDIMDE, MERE 208k
CoS, FLf% 800 nm, FJ&, LRIMALF] 127.6 mg. HTASCH Fifil# 1 CoS, AR A FELL BN

Table 1. Specific capacitance of cobalt sulfide electrode materials synthesized with different concentrations of F127 at dif-
ferent current densities

F 1 TRIRE F127 &R LSRR RHE R R RE B TR ERL R A E

0.5 (mg/ml) 1.0 (mg/ml) 1.5 (mg/ml) 2.0 (mg/ml) 2.5 (mg/ml)
0.02 (Alcm?) 26.606 Fig 49.805 F/g 41.887 Flg 53.667 F/g 49.454 Flg
0.04 (Alcm?) 21.160 F/g 34.250 Flg 30.525 F/g 33.095 F/g 30.670 F/g
0.06 (A/lcm?) 17.270 Fig 24.981 F/g 23.911 F/g 23.703 Flg 21.712 Flg
0.08 (Alcm?) 13.691 F/g 18.225 Flg 18.993 F/g 17.889 Flg 15.853 F/g
0.10 (A/lcm?) 9.335 F/g 12.569 F/g 12.263 F/g 12.671 Flg 11.201 F/g

3(a) A HLI Sy 0.02 Alem? I F127 3% 4 0.5 mg/ml. 1.0 mg/ml. 1.5 mg/ml.2.0 mg/ml.2.5 mg/ml
AR AL B AR R E R R BOR - 22 . AT DUE 72 HL R T 1F195-0.65~-0.05 V, TEAHE L BT, F127
WIE 9 2.0 mo/ml s B A4k PR PR 7 T35 Pl E T B A A 2 FRTBR A Al PRI ) R BRI (R 24, 24 F127 IR
Jv 2.5 mg/ml I T F127 BERS1E AL A FHE, 3 AN BEREURLAD S HIRORL 158, e F127 Wk
4 2.5 mg/ml B 2.0 mg/ml PERELF, L FRAEIL T F127 WREE 2.0 mg/ml BB AL B HOAR ) HL 25 14 R
Iif-. 4 3(b) A F127 ¥ J5 4 2.0 mg/ml FIB AL & BB AE 0.02~0.10 Alem? /S ] HLIf 45 1 1 MBI 78 BOE i 28
A LAt 70 8 F 2 AL T R AR R it 2, b b mT i BH A R B A A FEAROMA B R A Y e SR AR

(a) 0.0 Current Density 0.02A/cm’ ——CoS,:F127:0.5mgimi (b) 00 CoS,-F127-2.0mg/ml ——0.02A%cm’
I = C0S,-F127-1.0mg/ml L A
o CoS.-F127-1.5mgimi —0.04A/cm
0.1F etz omam -0.1 oo’
L ——Cos,-F127-2.5mg/ml ——0.08A/cm’
02k 0.2 ——0.10Acm”
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Figure 3. (a) Constant current charge-discharge curve of CoS electrode synthesized with different F127 concentration at
current density of 0.02 A/lcm?; (b) Constant current charge-discharge curve of CoS electrode with F127 concentration of 2.0
mg/ml at different current densities

& 3. (a) BRBEN 0.02 Alem? B[R F127 JRE A BB L HBRAIER TR, (b) F127 5REH 2.0 mg/ml
BIR AL SRR ARFE AN EIFR IR 2 B TS B0 1B FE A FR 2k
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3.3.2. FEHRRRMA(CV)5H7

] 4(a) BorHE F127 #Z N 0.5 mg/ml. 1.0 mg/ml. 1.5 mg/ml. 2.0 mg/ml. 2.5 mg/ml f Ak 4 HF)
FE LR B 11 8-0.65~—0.05V Z A H 0y 0.2 VIS I ISR 22 2k . BEAE F127 WRFEHIE N, ¥R
R TCIR R AR AR R AL T 484k, 78 FL27 ¥RFEN 2.0 mg/ml B, 3R IR 22 h 2 0 Bl T AR ok, 9120
VLI T FL127 R JE N 2.0 mg/ml [P Ak Ak AR 1 L 251 R L LAt iR B TR Ak 8 B B . 1] 4(b) A& F127
WEEy 2.0 mg/ml B)BAL &L FEARAE 0.02~0.10 VIS B EIMR 2 th 4k, BEEHMERNIER, BBRiE&E
AL P TR AR A0 186 R, AR 1R o R U e A PERE .

(a) 0.030 (b)

Scan Rate 0.02V/S —— Cos F127-0.5(mgimi) 0.06 |C0S,F127-2.0mg/mi —0.02VIS
0.025 = C0S -F127-1.0(mg/ml) 0.04V/S
- —COSZ-F|27-1.5(m /ml)
0.020 —CoSz-F|27-2.0(m:/ml) 0.04 } gggwg
0.015} === C0S -F127-2.5(mg/ml) —0:10\”5
< 0.010} 0.02 }
2 0005} <
[ c 0.00
£t 0.000F e
=3 S
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Figure 4. (a) The CV curve of the CoS electrode synthesized at different F127 concentrations at a scanning rate of 0.02 V/S;
(b) The CV curve of the CoS electrode with a F127 concentration of 2.0 mg/ml at different scanning rates

[ 4. (a) 13EEZRD 0.02 VIS BRG] F127 JKE & BB LEEREARAY CV #hZk; (b) F127 JRE 9 2.0 mg/ml B9RRALEEEE
WEFRERIRETH CV Lk

3.3.3. ZHREAHFMIR(EIS) 4T

FH A PAER 22 RO 78 3R 20 T AT 4, FA27 9K N 2.0 mg/mil B, B Akl rE AR R B R 07 i L S e .
V5 8 F127 ¥ 2.0 mg/ml B ERAL S A BB 2 iR . e BRI BT R Y, A & B —
AN EAR X B R R X ) B 2R R, M BRI, BRALER B AR B2 1,71 Q, BN HERH
R R S f

Co0S2-F127-2.0mg/ml

16 18 20 22 24 26 28 30 32
Z'lohm
Figure 5. AC impedance diagram of CoS electrode material at 2.0 mg/ml F127 concentration

[E 5. F127 ;R EE 79 2.0 mg/ml BT HIRR 4L $h EE AR AR B 32 R BR AL B
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4, 4Eig

KK % Co,S, AR KL, BV RESE: 1) X4 F127 MIREEA 2 mg/ml I, A7 53 06 58 (LA A
B, JF HATHN IR R 9. 2) MR fiZ(CV)dr, EHER N 0.02 VIS, Fibsib kR
LI AR 5 R AR 22 2R, FEL S BN 0.02 Adem? I, 78 ik Ha A 1A] B K HL HE HE 2841 A 53.667 Flg;
BHAC I AR AT, BRALES AR AR PR 20N 1.71 Q, RO RIFH SR MERE. 3) @id X HH£RAT4 (XRD)
AR (SEM)RT A1, B FL127 JREEMIEIN, BRibl aalods bR RF o did f 2 3 T
F127 W FE4 2.0 mg/ml 1S MR UF o RAR RTINSO RL S Fa ARV e ik L R TR 3G K, AT
RS, GASIbss BRI, 2 F127 KE N 2.0 mg/ml i+, S PER .

E&WE

BB IE VR 2 Tk 22 Bt K22 B A Il gt kil 5 B (9 H 4% % : DC2018058, DC2019051), LR
B Tk Bt R A 3h 36 400 H (U H %% 5. BK201503) % A ST B Bl .
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