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Fig. 1 XRD spectrum of PPy/TSA nanoparticles
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Fig. 2
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(a) SEM and (b) TEM images of PPy/TSA nanoparticles, (c¢) SEM image of PPy/TSA electrode after 1000 charge-discharge

cycles, (d) EDS spectrum of PPy/TSA electrode after 1000 charge-discharge cycles corresponding to the circle-noted site in Fig. 2(c)
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Fig. 4  Cyclic voltammograms of PPy/TSA electrode at

different scan rates
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Fig. 5 Change of specific capacitance of PPy/TSA

electrode with potential scan rate
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Fig. 6 Galvanostatic charge-discharge curves of PPy/TSA

electrode at various constant current densities
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Fig. 7 Specific capacitance of PPy/TSA electrode as function
of cycle number

Inset is the charge-discharge curve at 10 mA/cm?
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Fig. 8 Nyquist plots for PPy/TSA electrode in 0.5 mol/L

Na, SO, solution before/after 1000 cycles
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Fig. 9 Equivalent circuit used to fit impendence spectra
R, : equivalent serial resistance, C,, , R, are the double layer
capacitance of superficial layer and the charge transfer
resistance of PPy/TSA electrode, C;: faradic capacitance of
PPy/TSA electrode, R, is the faradic resistance corresponding

to the PPy redox reaction; C g, is the double layer capacitance

of the deep pores in the electrode.

Table 1 Equivalent circuit parameters for PPy/TSA electrode in 0. SM Na, SO, solution electrode before and after 1000 charge-discharge cycles

Rs(Q) Can-Yo (F) Cqpn R, (Q) C-Y, (F) Ci-n R, (Q) Cyp-Y, (F) Cipn
Before 0. 9360 0.0013 0. 8046 1. 5490 0. 0369 0. 6201 1.7710 0. 1008 0. 8801
After 1. 4580 0.0010 0.7913 3.0230 0. 0304 0.5954 3.4140 0. 1563 0. 8608
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1B, T ELAE AR B He R T AN A 3 (b) L 22
1000 AEFRJE , PPy/TSA LA HBE 1 A KL A B
RE5H (B 2 (e) ), be 2 m AR /N T 78 25 6 /Y
PPy/TSA Hitle (B 3 (a) ) s sL4h, k¥ W b PPy/
TSA TEFEAT FE AL B i 23 4 2R W A, Tt 3 % i
PR HERR, PPy/ TSA B 48 AL J5UR I 52 1) LA
PG, 9 36 5 PPy/TSA 7 A8 9 I L 22 08/, Ak
i JEUS R L BE R 38 K5 7E Nyquist BB @ JIXC



41 AT A < M 20 HL A A R L I A KR T Y b A e LR AT 5 415

H T AR A R R AR A DR b S
Z AL T BT a2 X 2 A N
117 7€ Nyquist R IRA0 DX, 0] iz et 22 LR R AL
Aab ) LR J22 R DL R rL A K AR AR AR TR RN BT T
B A T HL 2551000 IRAEFR IS, C gy DA 1300 pF 3 2
1000 ok, 32 W1 R F 8 A5 25 50 i 1% 2 Lt =
AR T . BEE 76 3 17, — 1l
PPy/TSA 1) [ fift T S 40 K kL1 IR 2 X 3 43 & fL
S FLBEFT 8, DT AT Ay R A VRIS iR AR
J2 DX 3k 1) B 2 T AR nT AR A AL R 5 B — T T
B & 7O i B B R4 T, PPy/ TSA NI [ fifk , Hi b
Spon] 3 v B IR, 3 2 PPy/TSA H B 78 H i MK
rh i AR AR AR BRI BT 7 A R I P2 S TR )N
2.7 EWEIEH CV ik

H Tt T iR PPy/TSA TE7H BF 58 i L i
FErp A /N R A B PPy/TSA 7£ 50 mV/s R
% —k CV KR5S 1000 ¥k CV K #4717 X L, 40
10 7255 — IR 3R N, PPy/TSA 852 LIXL
JZ RN B 25 B BE L 7E 29 0.3V AL 7] LLE B — 4 B
5 AU R 28 5 1000 R 3R S 48 Ak 04
0 8 R M £ OE LT — AR, B UG EF PPy/TSA
FHE DI 2 B A i Be. FRATTIA Sy A Ak 0 Y
T4 2% F PPy (5 fif A DG 78 AN W ST 00 ok A8 v, 33
W) OH ™ 2 gET PPy/TSA ) £ 45, PPy/TSA £
WO T, A i — R S A A T R R X 45 ke
NGB HE— 2P A, B O R HEA T B S AE A
AW HE R, 3 BURE 2 5 A AL IR TR R N Y PPy/
TSA & 5 ARWFRAR, PRt , S0 Ak i 320 sk /N 1 =2
SN = W A YN SR A N [T A N 0 N B N = 6
PPy/TSA H K bt 3R 1 At KM AR (an il 3) , &
10 iy CV il 42t R, 06 ¥ )5 19 78 75 L Fie 3 B
0 LOAIE PR A 0N R WL L A B R R
2.8 Raman K MG S

SR T HE 5 0 BRI E T A R e L AR
TR IR AT BE 9, FR AT R R ET S B PPy/
TSA HLIEAT T H7 2 FN LTSRS (0 5T 40 7

11 J& PPy/TSA #1000 YK 1F 4 i J5 $ir
2063, R 2T S 7E 930,1046 1237 1384 |
1594 m ™ 4P H BT AH [ B0 3 04 3k S 0 R 2 SR i
W (18 L 2 R A S 0, T LA O R I AR A i 0 1
JERR, W AR 7E FE LB IR I, P A A T
A, 5 YR B TE SR TR Z AR A R R Rt 2
i e e 5 B B R 9 HL IR R )5 PPy/TSA H
W 7E 971 em ™' By UIEAY 24k 967 cm ' 1 985 em ' Ak

0.02
15 cycle
i 1000th cycle
=]
Q
<
2 000l
=
3
5
5
@]
-0.02

-04 —0.2 0.0 0.2 0.4 0.6
Voltage (V versus SCE)

Fig. 10 CV diagrams of PPy/TSA electrode in 0. 5 mol/L
Na, SO, solution at 50 mV/s before/after 1000 charge-

discharge cycles
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Fig. 11 Raman spectra of PPy/TSA electrode before/after

1000 charge-discharge cycles
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Fig. 12 FTIR spectra of PPy/TSA electrode before/after 1000

charge-discharge cycles
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Fig. 13 Schematic degradation of PPy nanoparticles during charge-discharge cycles
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INVESTIGATION ON THE CAPACITY GETRAGATION OF
POLYPYRROLR ELECTRODE AS SUPERCAPACITOR

Yan-li Wei, Ze-hua Dong, Ru-jia Yang

(School of Chemistry and Chemical Engineering, Huazhong University of Science and Technology, Wuhan 430074 )

Abstract Polypyrrole nanoparticles were prepared by unstirred oxidation polymerization with TSA as dopant,
the structure and morphologies of PPy/TSA nanoparticles were examined by X-Ray Powder Diffraction
(XRD) ,energy dispersive X-ray spectroscopy (EDS) ,scanning electron microscopy (SEM) and transmission
electron microscopy ( TEM). Results showed that the diameter of the sphere-like PPy/TSA nanoparticles was
ca. 40 nm. The electrochemical performances of PPy/TSA were examined by the cyclic voltammetry (CV)
galvanostatic charge-discharge tests, the results indicated that PPy/TSA nanoparticles were characterized by
promising reversible capacitance and had high rate-capability. Their specific capacitance was 270 F ¢~ ' at
charging current of 10 mA c¢m ~°. However, the specific capacitance decreased by ca. 25.5% after 1000
charging/discharging cycles. Electrochemical impedance spectroscopy ( EIS) showed that the repeated charge/
discharge process could increase the charge transfer resistance,and reduce the high-frequency capacity of PPy/
TSA nanoparticles due to the decrease of pore diameter and specific area of the nanoparticles. In contrast, the
capacity at low-frequency increased after 1000 cycles. Raman and infrared spectra proved that the deterioration
of specific capacity of PPy/TSA nanoparticles was ascribed to the chemical degradation of the PPy/TSA owing
to the repeated redox processes of PPy/TSA molecules.

Keywords Supercapacitor, Polypyrrole, Oxidation polymerization, Specific surface area, Capacity

deterioration



