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Abstract Micro-nano structured electrodes have high specific surface area, controllable morphology and unique
size-dependent characteristics, which can provide effective active reaction sites, and improve charge transfer and
storage during charge/discharge process, thereby achieving high electrochemical performance in supercapacitors. In
this paper, the aniline monomer was dissolved in a weakly acidic p-toluenesulfonic acid/ethylene glycol water mixed
solvent, and the aniline monomer was oxidized and polymerized into a oligomer nanosheet template in an ice water
bath. And then, the oligomer template was dispersed into the sulfuric acid aqueous solution containing aniline mono-
mer, and ammonium persulfate was used as a water-soluble initiator to further initiate the polymerization reaction,

then the flower-like polyaniline (PANI) with nano-hierarchical structure was successfully prepared. Using conductive
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carbon cloth as the supporting substrate, flower-like PANI was prepared for electrode materials in supercapacitors,

and its electrochemical properties were studied. The experimental results showed that the specific capacitance of
the flower-like PANI micro-nano structure electrode was about 433 F/g at a current density of 1 A/g. The specific
capacitance was only decreased by 46.8% when the current density increased from 1 A/g to 10 A /g. The specific
capacitance loss was only 48.5% after 2000 charge-discharge cycles at 10 A/g. The single device prepared with flower-
like PANT had a maximum energy density of approximately 20.65 Wh/kg at a power density of 550 W/kg.

Keywords Polyaniline; Flower-like micro-nano structure; Electrode material; Electrochemical performance;

Supercapacitor

LTk, R E AT A | DPR% R | ol PR e i s /N RAE S,
LB A R SR 40 R it ) T TR AR RE R AR F . R G 2548 T LA i BRI ) %) A7 it e Ao . —
JERHL ZHL A5 (EDLCs ), BRI RR 6 PR ST e fife Jo 2 -3 2o 4 B o/ (3 EDLCs B R BB
T S B B St (14 i AR AR, s S5 FEL PR R s 2 T FL B3 A B 4 B2 EDLCs P FEAR L ARAA L 5 55—
o2 ER AR 5 P R R 2o R T 338 (14 2 AR A D s g i A e ey (I L), i & J& AL A S vl i 4
TR IS T i a2 RE S 5 EDLCs AR RIAT G, J% 28 e WA R R AR S FE
FAE R, PR T 0 A 5 B 1 D) R G RE A R I AR A s

TEMZ I FHREBEEY T, BAM (Polyaniline, PAND) IR R ENE . 5 T8 . MErRB/£5
FeMLA A K 5 5% 4 T S AL A HE AR IR S5 00 A T A 32 DG 01 T R R L A i AR R ) PANT 3
WHA BT R AL YERE , L 2530 4 7E 233~1220 F/g 22 8] FEAIR 2 v P A b RS L T
HLE H A H = 1A 3407 F/g[ 1] i F PANT ELAA 58238 5 (leucoemeraldine ) . 77[H]24S (emeraldine ) Fll 58 4
A2 (pernigraniline ) 2 Z 4B 4 A5 2546, [N PANT A HLAL A REIE 5 O G5 | B 5 | oI
S5 R LA ST VAR ) IS R A A OED T S, PANT RIS (0 Ha b 2 M RE T B i A T S 15 S5 il
N, U PANT 55 H A o 2 T B i 1 AL AR o 22, B PANT OB U E T 2 5iA R ik
PSP S 220, X 2 g HL i A7 S L EL 2 . S TS IS M AR B TR DR R T T
PSS 5RO, WFRENTET T AREHOIES A PANL Xu 288 F1] ] MnO, 3 IHERVE S 28 i B A S8 A0 3R
AR RO R AL ), ERRIE R R R4S T P 2S PANDIEJECIRIBORZEHE , X FhE5 A6 115 PANT N 2 1H
AN FHEBAE T4 5 FR T S 3, A R T PANTHEAL 2= BEpO 4R 55, FLE A 7E 5 mV/s 43S
HOR T 3K 531 Flg. ASEIZ " H 5 FUBRET 2 A1 8 0 T v S P il , FE A B R VA Y i o JR A7
BATEMRETLE 125 T AU HES (1) PANT 9K BESN S5 , X Ah4lF BEHA feR B LR TR, REIL LR
TV BUEAE . BRSS9 BB B AR fT 5 A B B, PANT AT DAZE KRS F RS mm e 2%, HoHH
FAHTE 1 A/g HLIRR FE T ik 758 Flg, WA N 1 AlgBE MBI 5 Alg it , AR RN 5%. B
AL, BV EA R H R T AR I G S5 R X 0 — 2 B g T P A 1) P Ak R L R L

AR SCEFATAIES TAE2, SR A LS T —F AT 90K 2R I AER PANT, I£4%
FCFVE G 2 AR B AR AR ZE T R AL 2A P BE . 2o, BRI SRR T/ & BRI AR
DI HE 2R R (TsOH) VR R 45 H4  mi ) . DA SRR eV E KI5 | &0, ZEDOKIS Hols R e s A = L 2R
G RAREY; KRG, KRR BSOS, R BN SR R K W A H2 () 2R B B R ol B R 4
AR AL AL R A R AR T, AR RAEIR PANTIENZEH . SCI02s SR, AR PANIZ%
Pl B PR M AR ) L FRL R 29 433 F/g (1 Alg) 3 RIS FE I 1 A/g 3 10 A/g Bt , LU AE AR T
46. 8%; LI JE A 10 Alg I, FEH LG PR 2000 YR 1) L HL 2545 2 58 A 48. 5%, v UL, 764k PANT
VERBG HL A AR RS B A A L AR 22 R RE L SO ARTE PANT HURRAT AR TSR I s B A1t 1 S i

1 SEIGERSY

11 XFIEMEE
W BREREE [ (NH,),S,0, APS] £ " | WRBILIR (515 7350 98% ) MK (AND) , Z3Hr4li, [ 254 i1k

Chem. J. Chinese Universities, 2026, 47(3), 20250241 20250241(119/126)



Jd EF 2K g %R
:u CHEMICAL JOURNAL OF CHINESE UNIVERSITIES

AR PR W) 5 X ORBERR , 43 A ali, FIEEAZ se kAR AR R I A R w5 WOS1011 SE 7K B Rk A1
(Carbon cloth, CC), BIETRAEA F; Z&18/K F GREEN-Q3-40T B S2 5628 9 e 4 /K L (B 5t S iRk &
JRA BRI il 4

SU8000 ﬂ%ﬂ#%%ﬁ%ﬁ?(sw) H A H S22 v 5 Nexsa B XPFZOGHLFREIEAL (XPS) , JE[EIFEIR
K HE]; inVia BB S ETEY (Raman) , JE[EH JE A4 H] 5 CHI 660F RIHL A~ T A, Rl RS
PR H].
1.2 SREES
121 B4k PANI B #1420 F, 209010 10 mL 28 7Kk 5 15 mL Z ZERE-EW A 0.56 ¢
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$40.5 ¢ PANHIRER Y4352 50 mL 0. 5 mol/L RER T, FEIA 70 WL ARRE B4, 8 708, fEVKIR
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Scheme 1 Schematic diagram of the preparation of flower-like PANI micro-nano structure(A) and
SEM image of PANI oligomer template(B)
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Fig. 1 SEM images of flower-like PANI micro-nano structure with different magnifications
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Fig.2 Raman spectrum(A), EDS curve(B), total element mapping(C) and chemical element mappings of
C(D), O(E) and N(F) of flower-like PANI micro-nano structure
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Fig.3 XPS wide-scan spectrum(A) and C,(B), O, (C) and N, (D) core-level XPS spectra of flower-like PANI
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Fig. 4 UV-Vis absorption spectrun(A) and TG-DTG curves(B) of flower-like PANI micro-nano structure
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Fig. 5 CV curves of PANI/CC at different scan rates(A), the linear relationship between the peak current

and the square root of the scan rate(B), GCD curves(C) and coulombic efficiency(D) of PANI/CC
at different current densities

El 675t T FH PANI/CC HEH Y GCD Al CV i1 21545 2114 b e 2585 U 2% B R4 i s 2 22 ] 1
KR . MEFHRE R 10 mV/is B, PANICC HLAR Y L L 2SR 357 Flg; SN 1 A/ght, PANI/CC HL
Wi L HL 28 R 433 Flg, HLELTRBEEM 1 Alg B3] 10 A/g i, Ho L 284N A 46. 8%, W] PANI/CC Hi B
A RAFfEAkge . B S3OIA S REF B ) /R 1 T RIMAAR R YRR il 25 7 PANT () HL b2 1 R .
AR E R 10 mV/s LR N 1 Alg), JEHHL S50 187 #1286 Flg, AL TFAER PANTHIAK .

1E 107~10° Hz S0 A 4T PANI/CC HL ARG 7 22 i BEATEI i, 753009 EIS 2 an & 7(A) s &
WX AN TE AR, 2[R B AR AR H AR R F f S A A ) S PR AT e B FLBH (R ,=6. 53 Q) , 5K
AR IR AR N (R,,=2. 0 Q) , R, J& H A ST AS (A i BELRH H A, 5 o e o 2 ik Hh BEL P AR 442K
Jg 343 AR X A Y BT RS B I BUSCR B AR S, REEEOR, & i s, B
WA 2 i P BN 18 7 (A) AT UL, PANT/CC 14 EIS H 2R /eI X 2R AR A, UEBIAEIR PANT (1)
BHEL/IN . 7610 Alg LIS T A TR R RS M [ 1 7(B) 1. £83d 2000 RAE R FE LIS , PANI/CC
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Fig. 6 Specific capacitance of PANI/CC electrode at different current densities(A) and scan rates(B)
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Fig. 7 EIS curve of PANI/CC electrode in the frequency range of 10°—10° Hz(A) and the specific capacitance
loss of PANI/CC electrode after 2000 cycles of charge/discharge at a current density of 10 A/g(B)

LR 1) L FEL SR 30 48, 5% , A T sk FH e iy iE i 46 PANT FLAR R R A5 iy DUy rh2s PANT(T
P 10001k, HLASHI R 380 49. 6%) 2 | Hh2s S8 JEGN KA PANLUEIR 1000 K, FHUZSHIR %8 28. 7%) "
HZS TR PANTOIE A 500 UK, HLAEH 2 38 R 55% ) 0 1 Hp 25 Bk PANI@Carbon (¥R 1000 ¥k, HL 245 2%
A 60%) 7. TENEIA TR AL R, AAE PANT ()50 F-4% DR FUAS T I i e 4 585000 75 2 A 24
TR AR B R A 2R P BE TR 5 TIAEIR PANT T HoA ML (R 9 K 2 G548, RESE 2014 i 24 5 5
S, DT AE A HU AR AR IR IR A4 . A AR SR PRSI 1l 25 119 PANT 119 KIS il 28 MG 94 75w il 26 40
] SA (AT HF 5 2 s, HA T LA e R HUBH 2424 34. 06 Q, 3R 2000 Y5 1 LS 1R %250 59%
(IR 10 Alg), MHELZR, IR PANLEAT HAF iy s Ak 22 P
2.3 XFFRMEPANI/CCIFEZRIPANI/CC £ Bl 4B 2 B A e R 1AL
XIFRAE PANI/CCIIEACIIPANT/CC 4 [ 45 Z2 M P L 254 1) CV BHZRTE 5 2R 10~50 mV/s 785 il 4
EARTY , FBH T A5 170 4 1 A5 22 1 R R e LA AR I FB ST [ B 8 (A) | R M PANYY
CCIIIEARIIPANI/CC 4= [ A ZE B L L 2545 119 GCD B X FRIM —MIE , FRZHA R ME SRR
A B AT [ & 8 (B) 1. M4 GCD T 2480 Hy S A 4 ] 25 22 1 o 0 H 72 2 19 LU HEL S AT 3K 148 Fg
(1.0 A/g) (F19). AR4E T A2 MRS L AR RE R R (E, Whikg) FIIZEE (P, Wikg) ™™,
E=C. x(AV)¥7.2 (1)
P = E x 3600/At (2)
FHE 1O AT UL, 75550 W/kg B DR T, XHFRPE PANI/CCIELRIIPANI/CC B9 L 25 45 1 e K RE 1
EREZ) 0 20. 65 Whikg; 7E12. 43 Whikg FYRESE S B, S KYIRB 2R 6390 Wike, i Falid%ir FId
75 H2S PANL R (FE 250 Wikg IR HE T, BRI %S0 14. 56 Whikg) ™', Hh 25 BRE AN K7 PANT £
4 (75500 W/kg FUSNZB R, RERSE K 14. 37 Whikg) > . PANI/E SR (HCIO,) 24 14: (15 283 Wikg 1)
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