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Abstract

To address the issue of poor conductivity of pseudocapacitive materials in supercapacitors, BizMo0Os
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nanoflowers were loaded onto expanded graphite (EG) using a solvothermal method. The incorpora-
tion of EG markedly improved the material’s electrical conductivity. Electrochemical tests revealed
that the BizM00s/EG composite attained a specific capacitance of 886.7 F-g-1 at 2 A-g-1 and maintained
427.5 F-g-1 at 30 A-g1 (rate performance of 48%), with a capacitance retention of 90.5% following
2500 cycles. Furthermore, the NiO/C cathode material, obtained from Ni-MOF precursors, had a spe-
cific capacitance of 683.5 F-g-1 and a rate capability of 76.9% at 25 A-g-1, in addition to remarkable
cycling stability with 95.5% retention after 2500 cycles. The fabricated BizM00s/EG//NiO/C asym-
metric supercapacitor (ASC) functioned at 1.8 V, achieving a peak energy density of 45.05 Wh-kg-1
(power density: 1800 W-kg-1) and maintained 91.2% of its original capacitance after 7000 cycles. The
results show that the BizM00¢/EG composite material improves energy storage performance signifi-
cantly through the synergistic effect of EG’s conductive network and pseudocapacitance, providing
new ideas for asymmetric supercapacitors.
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2. SCIEERS
2.1. EESIRHAREHIE
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¥ BT A TGRS 22 R — e MR i 30 miin, 5 5 BRI IR TSN SO mL 500 A AN AN = R 8
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2.2. TAERRIRAYHIE

IE SRR AT s R AR A 338 1 5 v 2% R S S TR R A SR K B, o, JEMEMORL S 2 B
(FHAD. RV OM(10% PTFE, K& wDRmE Ly 8:1:1, LA N-H B 2-MEng e B /e a7, eI
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Figure 1. XRD spectra of BizMoO«/EG
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Figure 2. SEM (a) and TEM (d) for Bi2MoQOs; SEM plot (b), (c) and TEM plot (e) (f) for BipMoOs/EG
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Figure 3. XPS spectrum of Biz2MoOe/EG. (a) Full spectrum, (b) Bi 4f, (¢c) Mo 3d, (d) O s, (e) C 1s
3. Bi2MoO«/EG B XPS [Ei&. (a) £i%[&l, (b)Bi4f, (c)Mo3d, (d)O1ls, (e)Cls
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Figure 4. XRD spectra of NiO/C
4.NiO/C Ky XRD [Ei%

NiO/C () XRD PR 4 Fizr, 7E20=37.3". 43.2°. 62.9°75.5°, 79.5°AbJixt N (AT H 14 5 NiO Fx
T (#PDF47-1049))(111)+ (200). (220)+ (222) (420)fH A H R UFHIXT R, IERH T FPRF NiO FIFALE
B AE B o AR R I C BT X DR AE g, X r] REER LS B D s 45 AN R A 9L 14].

Figure 5. SEM plots (a), (b), TEM plots (c) and EDS mapping characterization (d) of NiO/C
[#] 5. NiO/C B9 SEM [E(a) (b), TEM [El(c)A X EDS mapping ZRE(d)
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Figure 6. XPS spectrum of NiO/C. (a) Full spectrum, (b) Ni 2p, (c) C 1s, (d) O 1s
6. NiO/C B XPS EliE. (a) £iE&E, (b)Ni2p, (¢)Cls, (d)Ols
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Figure 7. Electrochemical test comparison chart of Bi2aMoOs and Biz2MoOe/EG, (a) CV curve comparison chart at 20 mV-s™!
scan rate, (b) GCD curve comparison chart at 2 A-g™!-current density, (c) comparison chart of specific capacitance calculated
based on GCD curve, (d) electrochemical AC impedance comparison chart
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Figure 8. Electrochemical test data of BizMoOe/EG. (a) CV curve at different scan rates, (b) GCD curve at different current
densities, (c) cycle stability at 10 A-g™!-current density
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Figure 9. Comparison chart of electrochemical test of Ni-MOF and NiO/C, (a) CV curve comparison chart at 10 mV-s™! scan
rate, (b) GCD curve comparison chart at 2 A-g™! current density, (c) comparison chart of specific capacitance calculated based
on GCD curve, (d) comparison chart of electrochemical AC impedance
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Figure 10. Electrochemical test data of NiO/C. (a) CV curve at different scan rates, (b) GCD curve at different current densities,
(c) cycle stability at 10 A-g™! current density
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Figure 11. CV and GCD curves of ASC at different voltages
11. ASC EARIRETH CV #1 GCD Hi%k

DOI: 10.12677/ms.2025.154069 645 PR R


https://doi.org/10.12677/ms.2025.154069

BEERE 45

KH BizMoO«/EG M EF AR, NiO/C MRCAIEWMIGHE T ASC. A 7 H A& I TAF IR & 1 kT
WL, FALE CV 1 GCD X HAEAT Tk WE 11 Al BUE H, BEE RIS R, CV Zi it
TEIZGIR, M¥mE 1.9V i, ek FRmE, RA TERNEZIONT RN, BRI HI T oES
M8 [FIRT, A GCD HiZRIE 11(b) AT AR H, BEE TAERERE R, £ 1.8V BRI RS 1E 5 247 78K
L, PRI BRI 0K B 1K AR F R AR 2N 1.8 Vo

—2Ag"!

10} 16

<

2 s} 212

3

s of S o8

- o

S >

E 5f 0.4

o

A0t 0.0
0.0 0.4 0.8 1.2 1.6 20 0 50 100 150 200 250

& Voltage (V) Time (s)
<100} d

o

w En MoS,@NiO/C//MoS @NiO/C

g 8or 2 . 'sccuNiOICIE'\'\.\ This work
c £ Bi,MoO,/PANI/AC

£ z ™~
8 2

[-% 41.0% = 10" v

3 % agy CS@BI,MoO//CS@BI,M00,

L2 g

£ >

S 20 2

8 g

»n w

0 2 4 6 8 10 12 14 16 10°

Current density (A g™') Pt:\::er — kg_1)1°‘

(0]

120%

9 -
100% ™ m " g ® N g, g % EE g g E NN g g wEER
. ®© 00060 0600000000000 00 - 100%
0% b e e 0 0 0 0 0

L
-3
e
X

60% -

40% =

L
'
S
B3

20% =

Capacitance retention
1 1
3 g
- *»
Coulombic efficiency

L il il L
0 500 1000 1500 2000 2500
Cycle number

2
X
-
-
2
X

Figure 12. Electrochemical testing of ASC. (a) CV curves at different scan rates, (b) GCD curves at different current densities,
(c) specific capacitance calculated based on GCD curves, (d) Ragone plot of energy density vs. power density, () cycle stability
of ASC at 8 A-g™! current density
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Table 1. The performance of various related devices
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