55 50 B 7 R O % R Vol. 50, No.7

2022 % 7 A JOURNAL OF THE CHINESE CERAMIC SOCIETY July, 2022

http://www.gxyb.cbpt.cnki.net DOI: 10.14062/j.issn.0454-5648.20211097

NiCo,S4/g-C3N, Feit: X5 B % A i o 55 Hifb 2P Rg

BdE, IAAL ERA kAR ERE AREXS

(1. BRI T R%EMEERZE TSR, HEEK 400054
2. PRI FIgRERR I AT, TAHLThREAM RIS 2 E TSR =, B 201800)

B OE. Rk, BEERMERE TR R, BIERME. B, KIAINR S I RE S 43 2 7 ORI 9GTE . BANKANIR
BRSOV SIANIIE g-CoNy, B — BRI % NiCo,Sy/g-CoNy PR A RL. SR AR SRS I BC
NiC0,S,/g-C3N, H1 55 E[VRIAE Ak JEO0 28 — FHR £ WP IR L B 02 FR AR G A PN, R T WA 87 k5 P 88 o 2L 2B Rk AR TR 2
LA AR . SRR S VERERT FUAR W] NiCo,Sy AR A AEKAE g-CiNy AR T Z3R I, 51K g-CoNy EEIHE 3 NiCo,S, 78
T AR o ) ELAR i S A IR AR IV, S AR R FEARAE 10 mA/om® () IR 25 )% R IRIAR EL ¥ 9.1 Flom?. 41%1%)
X AR A AR AIE-0.2~0.6 V FIHUE T LA, JF HAE R 2 500 mV/s FI 3 2N RIFAEE , RUIEF RAFHIREFEERE AL 20mV/s
ME S R, B L B2 I 5.7 mF/em®, MIhREEN 17.5mW/em’ B, ZHEFI BRI %0 0.56 mW-h/em”

KRR WEREBmAY: XIRgORA, MR AR
FESES: TQI71.77  XHMHFER: A XEHS: 0454-5648(2022)07-1899-10
P4 AR ATIE] : 2022-05-30

Fabrication and Electrochemical Performance of Flexible Interdigital Supercapacitor
Based on NiCo,S4/g-C3N4 Hybrid
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(1. College of Materials Science and Engineering, Chongqing University of Technology, Chongqing 400054, China;
2. Key Laboratory of Inorganic Functional Materials and Devices, Shanghai Institute of Ceramics, Chinese Academy of Sciences,
Shanghai 201800, China)

Abstract: The manufacture of flexible, miniature, large-area and low-cost energy storge units has attracted much attention with a
rapid development of flexible electronic devices. In this paper, NiCo,S4/g-C;N4 nanocomposite material was prepared via a one-step
solvothermal process with nickel and cobalt nitrate hexahydrate as raw materials, thiourea as a vulcanizing agent and pyrolysis g-C5N,.
The interdigital electrode of NiCo,S,/g-CsN, was created via mask printing on a polyethylene glycol terephthalate flexible substrate with
the well-prepared ink. The flexible interdigital supercapacitor was obtained by coating a layer of gel electrolyte. Based on the structure
and electrochemical performance characterizations, NiCo,S, nanoparticles dispersedly grow on g-C;N4 nanoplates, thus improving the
charge transfer and accommodating the volume expansion of NiCo,S, during charge—discharge cycles. The area specific capacitance of
the nanocomposite electrode is 9.1 F/cm? at a current density of 10 mA/cm?. The assembled supercapacitor can operate at —0.2—0.6 V and
remainsstable at a scanning rate of 500 mV/s, revealing a good rate performance. The area specific capacitance of the device is
5.7 mF/cm? at a scanning rate of 20 mV/s, and the energy density is 0.56 mW-h/cm® at a power density of 17.5 mW/cm?®.
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Fig. 1 Schematic illustration of the fabrication process of

NiCo0,S4(NCS)/g-C;Ny-based  flexible
supercapacitor

interdigital

1.3 #F&iK

KA X BEGTHICXRD, HEEHS,
Panalytical Empyrean Series 2)f1£L 7M1 (FTIR,
EE e 11, Nexus 670)%f P2k T RAL . T
SHUAL % Cu B8, PK 0.154nm, FHEFE 10°~80°,
FFEER 10 (°)/min, FHE 40kV, EFHIL 40mA.
ZLANIAR I B ) 400~4000ecm ™', Z23EF 1em s
K5 R A 4 H 7 2B (FESEM, #8457,
TIGMA HDTM)X| P25 M St AT 3R AE,  [FIR
TiC 2% PRI RE WS A 7 B b B e SR A et ot . SR H
T REIEU(XPS, EEZEE K, K-Alphat)#{T70
EMSHIHT, M EEA N 5x107 Pa, K H
Ak ALK, JRIER X SHERIR, REEN 1486.6eV, H
JE 15kV, it 15mA.

HIAL 22 00 BT RAEAFEIE AR 2 (CV) HLAL 2=
PU(EIS) FIE R 78 i HL(GCD), {Ef#[E Gamry 3000
AL TARSG B T. H5E, # NCS/g-CiNg Bk,

CNTs. RV OIEHmatl 8:1:1 JRAIHH, nE
T Temx1em FIEKEE L, TSR IG7E 10 MPa &
JIFER, ZHBERAE R TAEER, PtRAEAXTH
W, HMIFIH R AR (SCEWE NS LR, 7E 1 mol/L
KOH % ¥ 4 F = o i R & R VP Al il 2% 19
NCS/g-C3Ny & & AR R AL 2= 1 R . XS T-2H 3%
AR A A%, K AR A R e
i RETERE
2 HR5#
2.1 XRD # FTIR &%

2 7 g-C3N4 F NCS/g-C3N, B & ¥ KL XRD
. 2 AL, ZERES MY 27.5°0 5
FUMATSTIE, RI0A S CN, 7E3L(002) 5T HE &
FEAE BRI SRR I, 7 13, 1605 AT gt v (001)
T, RN RS BRI g-CaNgOL,
NCS RLITREA AN, 1E 20 )9 31.5°, 38.3°F
55.3°% AL B A R ATHIE, 5 HARMERE JCPDS
20-0782 —F, Al (311). (400)H1(440)5
w1, 5 [F A9 A 2518 IR A A NiCo 04 22 5748
KELFEEGIK 260 7 36.7°, JCPDS 20-0781).
Ak, EAFERTE 20=27.5°00 B BT 58 AT 5
U, ZUELINT N g-CsNy [ 0(002) fh T . B F7E
HEMEY g-CNy S ERD, HEWEMATH RE
AR T RARRE M, HH 5 %408 B NCS (200)
AT RO SR, ATHtiE Il —E ES. hINEA
TSR B Hoe AR AT S, T B T — B K R AL
FE132] T NCS/g-C3Ny ZE&MEL. XRD i+ NCS
T 55 06 B 2 e A R B L R4l /N, @l Jade X
XRD i A 40L& AR R TH AR 31 3 ok R
~FZ1°N 47 nm.

=t A s B SEAT T 4
FIRAE, R 3 fin. g-CiNg L AMEIETE
800 cm ' 1 1 200~1 700 cm ™" ¥ [ 4b 77 7E 55 35 21
HMRCHT, XS FE RS CNy =B
ZER ST SR 2T AR i Y, o 1224 em ! )
W WA X N E B TS R I C—N 45, 1 450~
1 600 cm™" WIS RE R g-CsNy H7 IS5 R Z5 44
1600~1700 cm " FRIRUAC T S B A3 fY) C=N At C=C
45kt NCS/g-C3Ny B & M R L0 A6 BR 32
i NCS (It LLANE 800 em ' BAK 1 600 cm!
ALY REFR BIXS N ) g-CaNy HIWR IS, 3k — 2Bl sk
T HA G



< 1902 - CREFR Eh22 4D

J Chin Ceram Soc, 2022, 50(7): 1899-1908

2022 4

2.2 XPS o#F

KH XPS X} NCS/g-C3N, W2 AN & 1E4T 1
RN 8. Bl 4a 7T, EEMEH Ni, Co,
O. S. N fl C Jum4M, O mzEIMYE Hirdl
R—E, HOBS B2 R Ty R =T
235 g R T AP XPS W 850~
885 eV [X [8](JK 4b)J& Ni 2p HIE L, HEA 5
(1) 2 AN H e 18 7 R4 2 MRS DR IECR R A
“Sat.”). 45AHE 861.3 eV 1 878.3 eV 437X N Ni
2p3 FUNi 2pyp B HE-HUE 735406 . @It X3 2401
WA LA, BAEE 2 FES: ZERE
854.4eV Hl1 871.5eV N Ni*", L& HETE 857.6 eV Al
875.3 eV N Ni*", 45t R F0r F )\ i Aoz B A0 IY
ARG E R Ni B, sk, SR TR IR &
LY R 2 Ni JGER DL S AETE. R,
TEEN B 2 PR b (B 4e) 2 T B 2 10 1 e
TE 540, H DL 782.7eV 1 799.7 eV 45 & fE N
O 2 DERIEVHJE T Co™, 1E 779.1eV #7943 eV
AR A0 2 ANMERT LA T Co®* e F9i LR IEE W]
REFYIT RIS Co mRMU-MMESHEEDL K
4d N S 2p BB FEE T, RIS E] 2 A e
“HE A ZE: 161.7eV F1 162.6eV 4L S 2psp F1 S
2p1s BITE AT RERALALN S* X SRS
K, HEITHEE NiCoSs I F L, MMHE s
U0 JE 2 I BT 4 SRR R 45 A BE(Ni—S A
Co—S #)", Il L2 0 i) 4% BF 5 (0 26 T 77
7E Ni*", Ni'¥, Co*". Co™™ Ml §*, S5 rmR[18]4RiE—
. K de N CICERTE 284.3 eV ARIRHIEIE R B
T g-CNy 1) C—C , LT 285.17 eV LSS &
REXT N, C—S, Ui BH 76 K 30 s B it F2 s Bl T
NiC0,S4 5 g-C;N, IE &, 7E 287.7 eV AL RFAIE I
WX T C—N—C. N JLERAE 398.7 eV HIRFEIEEXT
N7 C=N—C, 400.4 eV JxM | N—H (& 4f).
BRIt 4b, NCS/g-C3N, BEMEH Ni 2p3n Al Co
2p3n 54 NCS BI(E 4f F1E 4g)H LLER R = 45
HHETTRMED, 2 HT Ni fl Co 5 g-CsN, fL2i4i &
R, BT AEZERM NI Co 5 g-CN, BAET
PR,
2.3 FESEM ##h

Kl 5 A g-C3N4w NCS Fil NCS/g-C3Ny 1137 K 5
T R (FESEM)IE o B Sa 7] L, g-C3Ny

HAWHER R ZIRGER, 5 XRD i8N H 20
A2, PR ST Z)4E 500 nm~5 pm Z [H] . I8
A REIE AT R FESH C M N JTE, Si flbiE
O JLE MK A THIFERE A . 4l NCS ) FESEM [
Jr 7R NCS F it HRST 2574 50 nm (1) SR A, 35X
5 XRD &L REAR—T, (HEFRA R
%, A 600~800 nm 22 A5 HIKER, KBk A8 &
B RFE. 24 NCS 5 g-C3N, L/KME & LU, NCS
i RL RS AR R A B R AR A, I HOLEEE] NCS hkir
DBATERKAE g-CN YK JZ 3R, WA MR F15E
FRRFRI IS, mEcEfS BB s, Ao T4
i 70 T FBAE A TR AR R R S A TR E . AR
WK 6) T KR AMEERE Niv Co. S PAAME
A C N TRIMIELE, IESZT NCS/g-C3N, 4K &
A SRR R

ain (311) *+NiCo,S,
(400) «g-CN,
M (220 (511) 440) g-CsNy
NCS/g-600
o NCS/g-400
g NCS/g-200
(002)
100
(199 2-CN,
L3
(R AR AR A S
10 20 30 40 50 60 70 80

20/(°)

2 g-C3N, Fl NCS/g-C5N, ff] XRD
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Fig. 5 FESEM images of g-C;N,, NCS and NCS/g-400
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1 NCS/g-C3N, SERTHRIEN NCS EB AR R A 4 RERTEE
Table 1 Comparison of NCS/g-C;N, with previously reported NCS-based electrode materials
Material Method Specific capacitance Rate capability Reference
NCS Hydrothermal 768 F/g (2.0 Alg) 708.0 F/g (20 A/g) [24]
NCS@graphene Hydrothermal 1708 F/g (1.0 A/g) 1161.0F/g (40 A/g) [25]
NCS/graphene quantum dot Hydrothermal 1453F/g (1.0A/g) 455.6 F/g (10 A/g) [26]
NCS Template-directed method 1635F/g (1.0A/g) 818.0F/g (16 A/g) [27]
NCS@MnO, Hydrothermal 521F/g (1.0 Alg) 410.0F/g (10 A/g) [28]
NCS/multiporous carbon Hydrothermal 651F/g (0.6 Alg) 574.0F/g (1 Alg) [29]
NCSs Hydrothermal 1753 F/g (1.0 A/g) 1364.0F/g (10 A/g) [30]
NCS Electrodeposition 4.74F/cm® (5.0 mA/em?) 2.26 F/em® (50 A/em?) [31]
NCS Hydrothermal 1048F/g (3.0A/g) 795.0F/g (10 A/g) [32]
NCS/g-C3Ny Hydrothermal 1825F/g (5.0A/g) 1020.0F/g (25 A/g) This work
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Fig. 8 Electrochemical performance of NCS/g-Cs;N, flexible interdigital supercapacitor
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