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Abstract

Polyaniline (PANI) has garnered significant interest in energy storage applications owing to its
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superior electrical conductivity, environmental stability, and remarkable pseudocapacitive prop-
erties. In this study, Fes04@PANI nanoparticles (~30 nm in diameter) and monodisperse SiO2@PANI
nanospheres (~100 nm in diameter) were synthesized via an in situ polymerization method using
nano-Fe304 and nano-SiO: as templates, respectively. The incorporation of these size-controlled na-
noparticles into MXene matrices yielded Fe304@PANI/MXene and SiO:@PANI/MXene composite
films, both exhibiting enhanced capacitive performance. The fabricated supercapacitors demon-
strated specific capacitances of 193.7 F-g~* (at a current density of 1 A-g-1) for Fes04@PANI/MXene
and 197.3 F-g-1 (at 2 A-g-1) for SiO2@PANI/MXene, significantly surpassing that of pristine MXene
(168.8 F-g-1). Furthermore, the SiO2@PANI/MXene-based supercapacitor displayed outstanding
rate capability. These findings highlight that the integration of PANI nanoparticles effectively im-
proves the capacitive behavior of MXene, underscoring its promising potential for advanced super-
capacitor applications.
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2.2. BEBRNKATHIHIE

1) FesO4@PANI 4 KA (1) il 5%

1 46 FeCly4H,0 (5.6 mmol)Fl FeCls-6H,0 (11.2 mmol)i& T2 18Kk, EEUIR T R 2wk T+
IRZ 50°C . K EUKIEI(25%, 12.5 mL)Pd VAW, WALy B . [N 30 min J5, ARSI
TR H) 22 500 5 8 W 0 B FesOu AR T, FH Z8 TR A 9K R — D Bk FLIK
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AT, 133 FesOs@PANI GKKE 1o FH B F/KH 40 #1 FesOs@PANI 49Kk, £ H .
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Figure 1. SEM images of (a) nano-Fe3Os and (b) FesOs@PANI nanoparticles
1. (@) £HK FesOas F(b) FesOs@PANI £hKHiF# SEM &

Figure 2. SEM images of (a) nano-SiOz and (b) SiO2@PANI nanoparticles
[ 2. (2) 4K SiO2 #(b) SiO2@PANI 44K EkE) SEM [&]

2(a) 1 2(0) 53 51N SO 9KkL 1 LL K SiO.@PANI KK SEM &, M E 2 thi sl 2281 SiO,
YUK T ZERHORAS, TR, RSFR/NSE], BRZN 12 nm. #1Z% SiO YKL FAE R H1145
f) SIO,@PANI KK S IR INEE B B4R 294 100 nm 7245 BIERIR - SI0.@PANI 44K ki 1150 K i B4
ATREUET PANI TERR M S5 A N8R IR 56 5 DL B Kb 11 FL A 2E T . SIO.@PANI GHKER 1T R EE
AREN: SIO YKL TR SH KEMFREE, WA, 5 IR AR R A F e, 15
RNEWBHE SiO2 PRI F3R I : HMAGIRAGE, K KAERE TR AR NZ OB SiO Kf, [Ff 49K
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SiO,@PANI 9K Ki 75 MXene MBS A, 705145 Fes0.@PANI/MXene F1 SiO,@PANI/MXene fi, Jf:
P I 2SR R L A A, 0 L AL R RR AT TR AT

DOI: 10.12677/amc.2025.132019 174 MR R


https://doi.org/10.12677/amc.2025.132019

FLEES 4%
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FKHHAEA TSR XA EHE T FesO,@PANI 49KKi 1K EAE G R3WH] 7 MXene i 28 K]
HERR, MITIHEE 7 MXene LRI, AN, FesOs@PANI FF PANI ISEALIE R s A — e FEFE 1
Pk T i AR TE. MHEEZ T, SiO2@PANI/MXene (& 7 0~0.4 V 8] [l ALIE JF AN, #£ 055V /247
I T B PANI S R I, JIR AL A B 0 . BEE R E RGN, MXene. Fes04@PANI/MXene
5 SiO.@PANI/MXene 1] CV I Z&351A BB L (AR, - [R] IF JEAG 450/ e v A7 (e B AN vy P FL 25 AR
2, RP\HAFBRRI B ERs) 1% .

1.5 30
a b MXene
~ / ~ 20 U
op 1.0 /_/ » T
N /\\~d—,—ﬁ;~// Toa0f e
& o0s{ ¢ C Z 4
g p ‘% 0 '_';:—_:::::::—_::—_:—_::;f‘:
@ ' g " -7
= 7 e~} T i ee e 3
2 00 _'_j T 10 ENSEREE
s | = P = L .
ot — o e
= o [
5 = o204 e A .
3 0.5 MXene L S —~ — 5mVs 10mV's
Si0,@PANI/MXene O 1 20mvs* Somvs'
— - —Fe,0,@PANI/MXene -30 — 100 mV s e 200 mv's™
'1.0 T T T T T T T T L} T
0.0 0.2 0.4 0.6 0.8 0.0 0.2 0.4 0.6 0.8
Potential (V) Potential (V)
30 30
C SiOz'@”l.’.éﬂl\{I'M)Ee“ne d Fe,0,@PANI/MXene
204 Y 2204 M LT
Y S o) S e
< 10 /.-:"——--« _— LT -+ Z 10 T T e
.g} ',:_.’ :;/', g '/ e R |
% 0 '."4-_*_—_“_::::::::::::__—:lr'_ % 0 "/_f“_—::;:::::::::::_—_f'/-
= L o o = i T e -
E -10- L - - T - . E -10- ; - - R —
) : [} 2P PUURRRRRP PR L
E P e £ P
6 2 T sy gt 10mvs' 5 201 ----- - — s5mvs' 10mvs’
20mv's’ 50mvs" 20mvVs' —--50mvs’
30 — - 100mVsT e 200mv's’ -30 =100 mVs" e 200 mv's™
0.0 0.2 0.4 0.6 0.8 0.0 0.2 0.4 0.6 0.8
Potential (V) Potential (V)

Figure 3. (a) Comparison CV curves at 5 mV-stand CV curves at different scanning rates for (b) MXene, (c) Fez0s@PANI/MXene
and (d) SiO2@PANI/MXene assembled supercapacitors

& 3. (a) 5 mV/s BTRY CV BIZXTEEE; (b) MXene; (c) FesOs@PANI/MXene LR (d) SiO2@PANI/MXene 28 2B
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HEWr. [FI, e GCD 2RI R I H B xd Fr i, R B AR E M FERRCE . WIEAF i

DOI: 10.12677/amc.2025.132019 175 MEME 2R


https://doi.org/10.12677/amc.2025.132019

FLEES 5%

FE R ) GCD il 2k 155453 2 ) Eb FL 28 20 1] 4(b) BT 7R - 4l MXene 78 B 25 4 1 Alg I EL FEL 28l 168.8
Flg. MARZEEIME 20 Alg i, HLILHEE N 120 Fig, ZIARIEHEET 71%. 25| N\ Fes04@PANI
YRR T J5 » FesO4@PANI/MXene 7E 1 Alg I [ L 25 A 193.7 Flg, B 461 MXene, HHAE 1~20
Alg B 15 R BE(66.7%) 5 A R %, 2451 A SiIO.@PANI 49KFi 15, Si0.@PANI/MXene 7£ 2 Alg I
FHH AL L2, ik 197.3 F/g. [A, H SiO.@PANI/MXene £ 20 Alg I i bk B 25 ik 171.5
Flg, ZARas 2 {E I 91%, & T4l MXene fl Fes04s@PANI/MXene. M EIS #iZE (14 4(c))nT LA
%3, 4 MXene. Fes04s@PANI/MXene F1 SiO,@PANI/MXene 4 5 55 /I 1) S b 488 B A0 ] 2008 1) 2
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Figure 4. The electrochemical performance of the supercapacitors assembled with MXene, FesOs@PANI/MXene and
SiO2@PANI/MXene: (a) GCD curves (2 A-g™); (b) The capacitance at various current densities; (c) EIS curves; (d) The
energy density versus power density

4. EF MXene . Fes0s@PANI/MXene 5 SiO.@PANI/MXene IERTB LR S 2209 LS MR8 : (2) GCD BhZ%(2 A/g);
(b) TEERZE FTHILLERMLZ; (©) EISBhZ; (d) HERESMEZE XRHL
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