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Abstract

With the in-depth advancement of the global carbon neutrality process and the accelerated con-
struction of a new energy system, the reliance on traditional fossil energy is being gradually broken.
Concurrently, the growing emphasis of human society on the quality of the ecological environment
and the full implementation of sustainable development strategies have made energy conservation,
emission reduction, green and low-carbon development rigid indicators for the progress of the in-
dustrial and transportation sectors. In this study, nickel cobaltite (NiCo204) was synthesized via a
hydrothermal reaction at 160°C for 10 hours, and chitin nanocrystals (Ch) were prepared by hydro-
chloric acid hydrolysis. The two materials were physically compounded at a mass ratio of 1.5:1
(NiCo204:Ch) to obtain the chitin/nickel cobaltite composite (Ch/NiCo204). The composite was then
mixed with acetylene black and polyvinylidene fluoride (PVDF) at a mass ratio of 8:1:1. N-
Methylpyrrolidone is used as a binder solvent to dissolve PVDF and bind the active materials to-
gether, forming a uniform slurry, and the mixture was coated on nickel foam to fabricate the reac-
tive electrode for supercapacitors. The performance of the material was characterized by scanning
electron microscopy (SEM), X-ray photoelectron spectroscopy (XPS), X-ray diffraction (XRD), cyclic
voltammetry (CV), chronopotentiometry (CP), and other techniques. The results show that the ma-
terial exhibits a specific capacitance of 905.9 F/g at a current density of 0.1 A/g, and retains 98% of
its initial specific capacitance after 2000 charge-discharge cycles, indicating that it possesses excel-
lent electrochemical performance and outstanding cyclic stability.
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Figure 1. Supercapacitor manufacturing process
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Figure 2. NiC0204 nanomaterial (SEM) test results
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Figure 3. (A) XRD characterization spectrum of NiC0204 monomer and Ch/NiC0204 composite; (B) NiCo204 monomer and
Ch/NiCo0204 composite infrared spectrum map
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LRI, [FIR N 4R B TR R RO AL s 287.51 eV ARG JE T C=0 H#, NAPRIb Rk
HREH], MEARIEMEA AT S 5 RR RN, $RFMRH B A2 5 289.29 eV ALHJIERT. O-C=0
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Figure 4. XPS spectrum of Ch/NiCo204 nanocomposite material: (A) Ch/NiCo204 XPS characterization of nanocomposites; (B) C 1s
spectrum; (C) O 1s spectrum; (D) Co 2p spectrum; (E) Ni 2p spectrum
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Figure 5. Impedance diagram of Ch/NiCo0204 composite material and individual materials

B 5. Ch/NiCo:04 E &ML 5 & Bkt R A E

2.7. BFEMELER

2.7.1. EFRRRMR S H

BT B AR 289 (CV) I FLIR I S AL, T 7 mol/L KOH Bl LR b, 7EE 5 FELRE 3 11 P B R 5114
TR RN T AR AT AL RAE, REURERN - BAL(~V)TIN k. F52 RGeS CV M i in
K 6(A)FT7R, NiCo04 18l CV MIREHZE 4 6(C)FTm. HALZAMIRSE FAR W, Frl & A REAS A
FAA I 2 N 24 S B — SRR B S A SR R0, 220t IS T B AR I A 0 AT 5 AR i
JERRE, A R ARG T B R A TR, R, WA AARADRH R S 1 R & 6(B)~(D)
i, ot B3 2 AR I A AR SR I R 3 5 VY2 R IEARDE R R, W& 6(B) TR, 1FSEH BT
PPt B2 3 2 W RIS 32 5, A& REAT TR T i AR5 8 1 E FE SE BOMDRE P S T (T IO R
ZRHEIR T H R R E AR B RE I 88 7 W R RIS A s Bkt 4 PR 5 R ARAE Pl 1 5 MR S 22
BT O SR R R B R, N JE 42 5 NiC0,04 5 A AL FiAb 2 PR RESR A T 3 ) 25 2 TH HOA B
NiC0204 F4A HI AR [ FL IR 5 3P 7 AR (VY2 I Se Rt R 18] 6(D) o S5 EIR, FALIgEREE V2
K I B, O SR F R A B N R K, 2 W L R A AR A L) DA T R A N
G, FEBEEMIE T ETTER . Z LR TR RS R, BRI R K R IE . X R4l
NiC0,04 B4 1) L A A7A AL A1) LA T U P 2845 N 1 5 [RIINHRERBE — 2 A0S 73 Boa ik, =2 SR (9 45
JRHEFAT N (EAEFHGERIEE N, Ch/INiCo04 B AMRHEI R % (CV) HI L35 R KR R 47 IR — 8otk

DOI: 10.12677/aep.2026.165085 862 LR AT U


https://doi.org/10.12677/aep.2026.165085

0.04 0.04
) ooz} B (© .
L 0.02
0.02 0.02 L /
= z 001 2 00— —
e 0.00 =5 et 0.00| e 0.02mV/s
§ 0.01mV/s g 8 0.03mV/s
£ 0.02mV/s 5 001k 5 0.04mV/s
a os3mvs Sl < —0.02 0.05mV/s
0.04mV,
—0.02| o0smvi -0.02} 0.06mV/s
0.06mV/s TR ey 0.07mV/s
0.07mV/s —0.03 - T —0.04 |——0.08mV/s
——0.08mV/s 0.09mV/s
~0.04 0.09mV/s —0.04 0.1mVs
0.lmV/s N N L L 1 1 1 1 L L
-02 0.0 0.2 0.4 0.6 0.10 0.15 0.20 0.25 0.30 0.35 -0.2 0.0 0.2 0.4 0.6
Potential (V) Potential (V'?) Potential (V)
[ 0.10 0.10
0.03
v o) ® ®
.02 —— 0.05 7 0.05 - L
0.01 L \"’/
2 o0 PR e _ ooof
z X < 0.02mV/s <
E-omf §-0.05 — 0.03mVis §-0.05
5 | \ £ 0.04mV/s £ 3
©-0.02 S 0.05mVis S N
003l B —0.10| o -0.10}
0.07mV/s
—0.04 | — ; —0.15 |——0.08mV/s —0.15
i 0.09mV/s T
—00Sp | ) . " . —0.20 0.1mV/s . . 020 , , . .
0.10 0.15 0.20 0.25 0.30 0.3 02 0.0 0.2 0.4 0.6 " 0.10 0.15 0.20 0.25 0.30 0.35
Potential (V%) Potential (V) Potential (V'?)
0.08
©) -
0.04 /
/
L
£ N
5§
5-0.04 \\ \
Q N\ \
\
-0.08 (a) Chitin /NiCo,0, Composite  \, |
(b) Chitin A\l
-0.12 _(e) NiCo,0,

-02 -01 00 01 02 03 04 05 06

Potential (V)

Figure 6. Cyclic voltammeter test results and current-to-scan speed relationship diagram at different scanning speeds V¥2: (A) Element
of carapace (Ch) CV test curve; (B) Element of carapace material current versus V2; (C) NiCo204 material CV test curve; (D) NiC0204
material current versus V¥2; (E) Ch/NiCo20s nanocomposite CV test curve; (F) Relationship between Ch/NiCo204 nanocomposite
current and V¥2; (G) Nanomaterial CV curve comparison chart: a. composite material; b. element of carapace; c. Nickel Cobaltate
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Figure 7. Analysis of constant current charge-discharge (CP) curve: (A) CP comparison diagram of different compound ratio
materials; (B) Comparison diagram of properties of different compound ratio materials; (C) Comparison of each monomer component
and Ch/NiCo204 nanocomposite CP test curve; (D) Comparison of the properties of the CP test curves of each monomer component and
Ch/NiCo204 nanocomposite material; (E) Comparison of the measurement curves at intervals of 24 hours; (F) Comparison of the properties
of the measurement curves at intervals of 24 hours; (G) Constant current charge and discharge curves at different current densities; (H)
Constant current charge and discharge properties under different current densities comparison map
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Figure 8. Stability test of Ch/NiC0204 composite
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