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Abstract

In this paper, the self-supported carbon nanofiber networks (CNFs) with good electrical conduc-
tivity were prepared by electrospinning as the collector inside the electrode, and a layer of polya-
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niline (PANI) polymer was uniformly deposited on the surface of CNFs by repeated chemical in situ
polymerization at room temperature, and the one-dimensional 3D CNFs/PANI independent com-
posite electrode was successfully prepared. The sample morphology and composition were ana-
lyzed in detail by scanning electron microscopy and X-ray diffractometer. In the three-electrode
system, the specific capacitance of CNFs/PANI composite electrode reached 41 F/g, and the initial
specific capacitance remained 81% after 5000 charge and discharge cycles.
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1. 5|15

BA B PSSR I AR RHE FAL 22 B AT 32 0TE o BRIK ZF 4E(CNFS)VE BAG MURe 1) = 4 W
gER) . B TR AR LS TR R R REIE SR AL R, X PR S A R T E R S
PERERIFEARATRI1]. (HJE CNFs MREE %S LLEUIK, WA @l K MRS CNFs M3 A Ak DL
PR R T TR,

RAR(PANDIE AR A MEHE M RE OIS A RIFIT T 5, e —MERRA, RiG. sHex
AR LR AEN FHESY . HHT PANI IR IR SRr K S, S BRAR AR R A2
EPE. RIS PANI 5 CNFs S5t M RLE ST AR S A RE, A RT3 s e AR I ) 2= MR e AT s A 2
AE. AT FEHRIELE CNFs FAEKERIRIY PANI 492K, (HEEAE PANI F 5 & 1 E I, PANI 2 1H 5 H125%,
IRAESRAFR MY — R G EH2] o BURAR 2> B 85 IS PEAL B H 3 350 B 28 AIK[3] « DAL,
1E CNFs FAEKIEII PANT 9K 22 3RAF UMD RE R 4 Fa Ak 2 PR RE IR DG

TEAREF R, BATR Y7 2 AR B2 CNFs, JR R A6 % 5 A7 7E CNFs SR 21 DT PANI
BHEZE, I % H CNFs/PANI &4k, 78 0.5 Alg K, CNFs/PANI & & F0RHK HL LR ik 412 Flg,
1EZ IS 5000 K78 IG5 b SR FEWI AR LE RS 1Y) 81%. [Altk, CNFs/PANI S& MR AR &
BU HL AN R ) AL 2 AR e I, AR SR AE Ak R AU L A V8 6 I FH T 5

2. SKIEERSY
2.1. R

RN, NN-ZFEFREZ(OMF), %%, SULEk(FeCly), il ik, Hile.
2.2. CNFs/PANI H9%%&

2.2.1. CNFs 9% &

19 11 PAN #17K 5 10 ml () DMF IR G, FHFEZEIR(Z) 25°C) FiHE 48 /N EL 2B ff . # Bk
BN R RS 2 h BT g 22, TERERHENN 6 KV IEH R, AR SIEas 2 M EE 2 2 15 cm. 7F
BRI L RIhIRE T PAN 9Ker4E. ¥ PAN YUK 488 T8 U, 78 270°C RIS AR EFE 1 /i, B
PA 5°C/min FE TR %S 900 CRkA . Jm, K41 CNFs 2512 i fE BRI T 48 /NI .
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2.2.2. CNFs/PANI Bl

¥ 9 mmol ZAL K A FT 6 mmol ERFRVAMETE 30 mL ZE1EK 1, ¥ CNFs N Ry b, 2185k
10 4r%h B RIS WUPE BUR T B S NN 4.5 mmol K fiE, FE7E 60°C NE 12 /NEF, KA B R 5 JEK 28
FZEM KRGk . fEMEERE |, HES DRITAERME 4 K. 55, K RE R ET 1A 5
12 /NI, B CNFs/PANI B & 41K}

2.3. FRIE

2.3.1. —R%3RAE
K F A 7 BB (SEM, SU70, Hitachi, Japan) i £ 5 TS, K I 3R 20 ) D/max2600 A1 Cu-ka
R (2 = 0.154056 nm) (Rigaku. HA) ) X 5 2657 5L (XRD) 2 BT A i S A 45 44 o

2.3.2. B{LERAE

KFH VMP 3 BU AL TAESE(E = il AR R N AT 2R 78 =l 45, CNFs/PANI & &4k
(FfiE: #£05~1mg; [Hifd: £905%0.5cm?; JEEE: #4120 mm)fE 3 Mpa JE /1 R AEAEANIN il 45 H LA e
o Ag/AQCI HARAE A2 L HR o 40 R VA5 Bt JEIE N 5 mV {55, fEFFESHE T, E 100 kHz~10 mHz
(SR AT T HAG S PR PTRE 00T . IR A IR E 253(20 25°C) F 1 mol Bil& FAR SR HhidhA T

3. &R 5vHe
3.1 HREHEEHRI

KT AR A M 6 BT AT RE S 2R T SRR S5 /34T 0. 1 1 FoR N HLYi 22 CNFs I
M CNFs/PANI [£] SEM Elf%. H 1(a)t Ex 25 CNFs S — 49k asrt), LR N, HAK
%, CNFs WKL =4E 2 FL45 0, A RIFKRIEME4]. XUk B T2 m 5 & 4 4 b 2 a3 R fa
5E M & 1(b)H CNFs/PANI B & 41 4 th 2 B K —4E9 K 4544 . 5 CNFs M LL, £ A 5 X5 CNFs/PANI
BHEARMRIZI KA BEZ, CNFSIPANI &4 4EEAHEIEM, XZ&HT PANI K5435 5]
HAEKCAE CNFs R, BiHEREREGXREIIEZ, ERIAEKR PANI 9K S5 H 1) 57 2k & b 2 36,
CNFs/PANI & & -4k BAA 2 B 2 028 [5]. EARERERZ, CNFs/PANI B &4 4 iR i) PANI 4K
REESREG S G, HAMIREFRE, XIEEAGHT CNFS/IPANI Z &4 kR4 2= BRI 3 &r .

CNFs/PANI

HRBNU-8U70 15.0kV 17.9mm x60.0k SE(U} 500nm HRBNU-SU70 15.0kV 17.7mm x30.0k SE(U) 1.00um

Figure 1. SEM images of (a) CNFs and (b) CNFs/PANI
1. CNFs 1 CNFs/PANI #3 SEM El&
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KH XRD 43 M 7 iERAE T CNFs/PANI & & 4 4E 1) sk 4544 . 14 2 Frn s CNFs Al CNFs/PANI 24
£F4E 1Y) XRD 754 . £ CNFs T8 B, f7F 23.5°4bA5 — /N 560, 12 J 7Y (1) f5 S8 85 11(002) )2 A1 14 [6]
7£ CNFs/PANI fi75f o, £7T 15°H1 25.5° 404 PAANRFIE DG, 3X PRANRRAE UG 73 73 % 2 PANI (] (011) A1(200)
pnll, fHET PANI & TERY, 258t tbEE, FREIEAR[7]. FRas IRy, IR AR L)
JRAL A T PANI HEUURE CNFs R, JZEL CNFs/PANI & & 4541 .

+(200)

Intensity(a.u.)
? >)

CNFs/PANI
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Figure 2. XRD patterns of the as-fabricated CNFs
and CNFs/PANI
2. CNFs #1 CNFs/PANI £ XRD Elf&

3.2. BUEFMHERHR

K HEIRMA 2232:(CV) RME L 78 i HLIZ:(GCD) % CNFs/PANI & & M) B AL 22 L BE B3R T 0 pr ik . 1]
3 fizn & CNFs Al CNFs/PANI ZEF13#5# 2% 5 mV/s B ) CV B2 FIHL I 25 2 )y 0.5 A/g ) GCD i 2.
Kl 3(a)# CNFs [ CV i Ak i, XZHF v CNFs FIfig BEALHIE XUZ 26k R L [8] -
CNFs/PANI [1] CV il 2k -hmT LUVLER B4 P XA AR TR, X IR T2 SR G S TR 5 3 AR b =2 4%
AR AS 2 8] ) PR BRIT A R 20 i SE A S VAP S AR e [9] . ERLIG, XU FLAS AN i i 25 SR [RIE 2 3K
CNFs/PANI [f) CV Bk BA A FriE. & 3(b)F CNFs/PANI & & FE AR 1) B I 1A] 15 CNFs B BROAH EE 5 2%
N, 78 0.5 Alg HLIS5 T L L2895 B 412 F/g. CNFs/PANI ] GCD Hh £k 2 L HE IS IS ph R, X028 i
T CNFs/PANI & & FLAR 1002 HL 25 R0 L 258 L [RIE F I 45 2R [10]

~ 4{(a) —— CNFs 5 08{® —— CNFs

oo —— CNFs/PANI an —— CNFs/PANI
< < 0.6

> [
£ <

£ ¢ 0.4+
=
= Z 0.2
o e

o & 024
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Figure 3. (a) CV curves at the scan rate of 5 mV/s and (b) GCD curves at the current density
of 0.5 A/g of CNFs and CNFs/PANI

3. CNFs 1 CNFs/PANI FE3THIE R J9 5 mV/s BFHY CV HIZ R R B E 79 0.5 Alg BHAY
GCD ®h%k

DOI: 10.12677/ms.2023.1312116 1039 PR R


https://doi.org/10.12677/ms.2023.1312116

bk 25

K] 4(a) FTE] 4(b) B 43005 CNFS/PANI & & HUARTEAN RT3 T (1) CV G ANAS [A] FL AL % BE R 1Y) GCD
4k . [ 4(a) (e 5 3 100 mV/s ARl T CNFs/PANI {1 HL AT AR B R 4F . 5 CNFs ML, CNFs/PANI
HAEAAREN PANI 5 Z4 5 T 8 FARER, AR TR niem11]. ME R0 m,
CNFs/PANI FJ4EAGIE JE UG F A7 HE I RS, IX AT RS FRAL A SO [12] o A8 e A i 28 th 2 1 LA
RN S A 7853, AFT BT 19 #L[13]. Kl 4(0)Z&7E-0.2 V £ 0.8 V [ HEEE 1 R3] CNFs/PANI
) GCD k. 7£ 0.5 Alg T GCD HhZ bt ik, X IR T-ZE 80/ HL A 45 52 N B8 1 R fie 5 78 40 I 4
HLE] CNFs/PANI B4R, BRITILBEENILE[14]. FEE BB EN R, B TE, X587

P AT A K[15].

16 —
12 S
- >
ERs >
= 4 ¢
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Figure 4. CV curves for CNFs/PANI at different scan rates and GCD curves at the different cur-
rent density

4, CNFs/PANI ZEAR B3R T AY CV FHZFNASE R B E TAY GCD Hhsk

JE L AL 2 BT 23 M2 (E1S) 7M1 T CNFs/PANI FFAL 2P, 141 5 /& CNFs Al CNFs/PANI FIRH
Yo b B . R X, BHPU(Z) S PR AR R R B FL P (Rs) [16], CNFs Al CNFs/PANI & & Hifk
) Rs fH 4 /2 0.77 Q F10.55 Q, X0 CNFs/PANI & & Hibl 582 M bl 2 18] S /N fefd e B 17], 31X
JHEAT CNFs/PANI K] PANI S HUEE AW & 7 2GR S, EhEd, LRy RAR
FA fuf 5 72 FLBH (Ret) [18], CNFs 1 CNFs/PANI & & HLAR I Ret {43 742 21.2 Q F13.52 Q, X2 H T PANI
BN /N T B F A F e R PR RHL, $ 1 FEAR 1 RS PR [19] . FEMRARIX $5k, CNFS/PANI & & Fa Rk 1)
B R L P E TS, IX R T BEAR AYERE, 5 CNFs AHEL BAA TR B T2 1 % [20].

—a— CNFs
45 —o— CNFs/PANI

-Z"/ohm
(78]
S

0 15 30 45

Figure 5. Nyquist plots of the CNFs and
CNFs/PANI

[ 5. CNFs 1 CNFs/PANI BOPEI S #r BT
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& 6 B/ i A 1 Alg I CNFs/PANI &4 48 K B fa E MR . 7E45 5000
TSGR o Ll AT R FF VAR L L 2R 1) 81%, X Ui ML R A 4F4E LA RIF S fa e tE[21]. CNFs
(115 Re RAF, PANI UIRRLE CNFs RIETE MR R ME G450, AT CNFs/PANI & & 4 4EfE3A e E
PRI RI[22]. TERZEE 3400 [ElB AN A BR8N, X A BT 0620 T Al 780 i 4 [23]
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Figure 6. Cycling stability test of CNFs/PANI
at the current density of 1 A/g

[#] 6. CNFs/PANI 7 1 Alg TEYEER R 2 M)
iR

4, g5ig

Zi LRk, i F i 7 2 BOR MR AL SRSV £ T CNFs/PANI & 47 4. ﬁtﬁ?fﬁ%icﬂ%?
PANI 7£ CNFs RIHUIFRIIBSIME, XA FTLIM CNFsIPANI &M R m LA ERE. 5 IRE &G
CNFs/PANI & & BI7E 0.5 Alg T LR TIE 412 Fig. 25 5000 76 BRI, EL B A R ER )
GRLL AR 81%, B RUFHITEMARE M. X Hegh LA I % SR 7] BE7E AR E T 7 S T T A 1R
U 0 R P RN L FH i 552

EHEWHE

AR H BTl AR SR T ERE A A B IR (30 H fitiE S UNPYSCT-2020126); 4 /RiE
JYE K7 A B3 0 H (0 H kvl S HSDSSCX2023-18); BT 4 KA 6#H 6L H . Janus &Y
ZnFe204@Ag A AERIRI: B R BARE 54 (1 H #b iS5 52102229) % Bl
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