%9 1) =

% j:li No.9

2012 49 J ACTA POLYMERICA SINICA Sep. , 2012
FUFIELAEGRBEBETRESHM RSN
SBAFEHaErRm
I B R B MEE TE4AT
(HEAR B TR R R S 15 TR B 0 AN B R 4 15 00 P 3 3 T A S0 B0
LT R AR E A RE B 200237)

W E LA 2 (sGNS) Sy A A AL 0 5 7 1 3 A T 2k ol A AN TR) 0 S 45 R Tl Ak A 8 0 B 23k R R i

(sGNS/PAND) E 5 8L, IF RGEWTIL T 446 1 28 BU X 52 5 AR A0 A 27 28 00T 550 45 A 088 20l 25 o 1 1 3
Wil 25 SR 7R o B R B O AL R A B 52 G A R v PANT (1 7= 2 0 S f0 AR i e v, OB SR 2 B HH sGNS 1R
A I PANT 94K S 42 [ 51 45 140, PANT f) 36 0 75 122 A0 &85 PE S 0 i, AT T 7 52 A BT B LE L 25 (497.3 F
g "), LA B AF % 5 G PR R E T (2000 URAE BR A5 LL H A (XA 2R 5. 7% ). 2 L= S A B AL B
SRR PANT #9453 34 ARAIK, I 75 sGNS 2 1 T8 B0 M /9 @ B2, o i 52 5 B OREAY H s & eI (228.5 F
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1.1 E##

W (4Tl b A 2 70 A W) 6 AT
Zo YR ZE RS ) 5 47 BB (b gl [ 2 4R T Ak 2 2
FIA RN T 2R AL B K Ve TG % it
B R e , 0 1) T 420 T 445 o o o Ak 5 DAL 6,
A TR 4, X 4 R R, K & U (80% ) , 5 4 R
B, = Ak, = T e 4 2 R A T Al
i A 28 b 3.
1.2 BLELASEHRENTHE

A 8 (GO) R Hummer 37 i 4. LU
GO g JEURHE 3o 43 4 36 5 45 4 o 0 2 7 T v ol
TR AL AT 820 (sGNS) 72 HI R iy st Ly 4 4 ik
F7: (1) ¥ 0.5 ¢ GO A 100 mL 28 7K,
pH JE# 8] 10 7647, RE B HE 72 h, SR B 0 6
BRUTIE , 45 GO IR s (2) A 1.5 g A
LA TE 80C FHEHE R IE | h, Bk GO R H 4 &
SGURL I 5 (3) ¥ B3R A SR Y GO 5 x4 K ik
5 T R TR TE VKK I R BE 2.5 b, 5 3 4 i
JFH) GO 5 xf 4k 4 B e 1 R A B R L K
/1.5 5B 5 A 8] GO Fih 5 (4) % [k ik

5 1.75 g KEWE(80% ) 71 98°C T [ i 12
h, DLSBRER A 0 & A A, &2 L s Pk sk = b
P, T8 5 15 BB AL A1 8506 (sGNS) .
1.3 BUAEERAUREXRESHBINER
PRI 3 £y 651 mg K Ji B A, 3 5l 45 figk 7 100
mL &5 9, BHFRE 50 mg sGNS 43 H(7F 100 mL 1
mol/L @& SR, 73 LA = S84k 8k (FeCly) , & 4
MR B (KMnO, ) , i i R 2 ( APS) iy 4651, 4% A
i B A5 3 AR B9 BE R e A3 o 171,371 il
2/1 ¥ ATa) S AR A B i v SR v I
I AR 5 AT 2 A VKOK s e A SRR
1 e SR SIE A BE 22 S i A ST R, 7R 0°C R R
JCNE 24 h. PRy 2k vk, e, TR R A5 B AL A
S0 T B R IR N 52 G L (sGNS/PANT) . iy 45 7
ViR E LA A A 2L 3R T
1.4 BERMHRNEHESELBRR/OAR
TAEHRM A S AL BN T K EEME, S
RN FEEE ) (5% PTFE FLK ) 2 I8 7 & L o 85:
10: SYRA, AIF S J0 A8 A9 2RRE , 76 X 4R AL | e 52 T
JE R R, RO E AR R 6 mm 2245 Y B A, O A
10 MPa B JEJ7 T, 4 R AR BRI B, Horh TAE /R
W EEME RN 3 ~4 mg, I E TS
LR, 7E 1SOCEREE T~ B4 T4 3 h, Jf 1 1 mol/L
H, SO, Wi AT 25 R 24 he % W R e 43 331
VEIE S8, v I e — 2 B 47 e O T JBE, 2%
A = W A R DL 2 P A

Table 1  Synthesis conditions and chemical composition for sGNS/PANI composites with different oxidants

Samples Cant” Oxidant R.." Yield of PANI (% ) Content of PANI (% ) Content of sGNS (% )
sGNS/PANI-1 0.07 FeCly 1/1 0.67 7.4 92.6.
sGNS/PANI-2 0.07 KMnO, 3/1 10.5 57.7 42.3
sGNS/PANI-3 0.07 APS 2/1 26.3 77.4 22.6

¢\ is mole concentration of aniline; " R, is aniline/oxidant mole ratio.

1.5 Jhik5RAE
Y5 % B 49 4 AL B8 (FESEM) BOF 72 H A
HITACHI S-4800 #I{Y #§ I 5¢ B{. ¢ . 48 F B T &
A 48 R 148 [ Bruker AXS GmbH 2% 5] QUANTAX
400-30 UGB AL 5E . Zeta H {37 3 1 % [E] Malvem
/N E] Zetasizer 3000HS 43 #74% 3% 5. FTIR & 3% %
FHEE Nicolet 5700 £1 4h 6 A M 45, KBr & J-.
% M H 4% Rigaku D/Max 2550 VB/PC % X 5} £k 47
SHLMA XRD 5] 3.

TR 2 (CV ) FH Ak 2 B BE 3 (EIS) il ik
TR SE G R A CHI 660D FL Ak 2% T 4% 3 4 = i

T R AR R AR R E A
AHRTER K, £0 R R ook B, B/ S AR R B (Ag/
AgCl) 2 etk , LW 1 mol/L H,S0, ¥ K .
EIRR A2 M ) g TR T S R - 0.2 ~ 0.8 V,
P #EER K 5 mV s~ EIS 5286 (49 JF 3% LR A
0.45 V 5% E R 10 7 ~10° Hz, #EIF K 5 mV.

PN 9 L 25 4% 7E LAND CT2001A 58 i
F NS b AT 78 TR H S 5, AR T H F R L R
-0.2~0.7 V.
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Fig. 1 FE-SEM images of (a) sGNS and (c¢) GO; EDS of (b) sGNS and (d) GO
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Fig. 2 FTIR spectra of GO and sGNS
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Fig. 3 FE-SEM images of sGNS/PANI composites with (a) FeCly, (b) KMnO, and (c¢) APS; (d) TEM image of sGNS/PANI composite

with APS

s4ad0 10.0kV8.8mm x100k SE(M,LAQ

Fig. 4 FE-SEM image (a) and TEM image (b) of sGNS/PANI composite with APS

K S 45 T S R4 Ak 7 il 45 sGNS/PANT &2
B RRR LT AN L RO Br A R A R R
FEAE G FL AR, e 1570 11 1490 em ™' [} 3T
At 43 I I PANT g il =X 485 04 R X 45 4 1)
C=C fh 44 2h,1290 1120 1 800 cm ' Jff ifF ji%
W3 505 & PANT (1) C—N {45 3R 3l 2RI 0 11 N
R A 4R 2h. SR 3 AR A M RHE 1570 F
1490 cm ™" [ 3T Y 3% 45 9 B & 2 T OB B AR AR LU
FeCl b AL B &2 A MBI 1550/ 1,00 1 HCAB B2
K(1.16) 1M LA KMnO, R AL 11570/ 1 400 9 JE

e fR /N (0. 74) ,3xX J2 T FeCly by % A6 50 B, PANI
(7= AR /N, AR Y PANT BB 45 58 4 Hb 40 B 7
sGNS K, I 5 sGNS K 1] 7= A= 38 1Y n-n HL
YEH #1535 PANI iR X254 C = C i 45 41 3h ity ¢
WS e B 3 s £ KMinO, Sy 4804k 551 1), PANI
DL AT R SR JC A HEFRTE sGNS K il , 5 sGNS 3£
AT 119 o R /R R R X 458 55 5 10 R FHAPS AR S A Ak
FIBE, &2 A F R PANIL (1 & it AL 2 (H DL 9K B
Wi 5 &5 ) 3 B AR K FE sGNS R, ffi 3 sGNS &5
PANI 2Z 8] () - HL F AV I B, PRI 1550/ 1 g9
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Fig. 5 FTIR spectra of sGNS/PANI composites with

different oxidants
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Fig. 6 X-ray diffraction patterns of sGNS/PANI

composites with different oxidants

J TV AR R H Ak 2 M AR FRATT R AT
TAEFRZ (CVs) A BT (EIS) FE i 58 ik i
LM BT BoR TSR A AL # AR Y sGNS/
PANI & & M BHE 1 mol/L H, SO, 7 1 45 4 1%
H 5 mV s T HFIPE R L. B AN, 3 Rl
B b Ak 359 S5 0 T ot e AR ) 4R A R 43 1 U )R
T PANI 420 Ji 285/ 30 & V. Jhig 5 T 30 & 0 Jiig 6/ 4>
AALS AR R E A AR BOR R ik
P I AR [RIB & B, AN TR AR R A5 52 G
4Rk 8 AL T8 U0 () 45 RN i B AT IF R [R], APS
S AR B ST A I 0 5 B R, L AR A TR I
AT w5 L ALAL ;T DL FeCl, Sy 48 A0 570 I, 04 58 13 A
XF #5255 , I H AR A8 i e 7 s b TR L A X2
i APS (% Akt fe i T FeCl, 40k 1 i 55 19 2%
HC, 20 BT 25 AR TE S T 3% — 45

8
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Fig. 7 CV curves of sGNS/PANI composites with different

oxidants in 1 mol/L H,S0O, at a scan rate of 5 mV/s
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FER I, LA APS R AL I & A R 2 R AR
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Fig. 8 Nyquist plots of sGNS/PANI composites with

different oxidants in the frequency range of 10° ~10 "% Hz

B9 25 1T AR ] 4 Ak 70 4 75 9 sGNS/PANI
EAMBHE 1 mol/L H,SO, %W H,0.2 A g 'H
TR 2 BT 5 ek, o 8 R L e 2 B R O 8 T
e A<k 8 9 (a) AT, &2 4 B4R 38 ik e
2% BA R I 0 R, 00 9 i e g R T 0
FEAR 5. FeCl, SR 404k 701 i R o 45 38 = %, HL
FerLZE o 228.5 F g~ s KMnO, J 41k 71 19 [ JE
A, AN 419.6 F g™' s APS S S L5 1Y
I IE 871t A R TR B8 G 25 il PR 7 1K 4973 F
g X T Hao %8 7 #0184k £7 BB/ B O
B AR 2 (356 F g™ ) YR N F
FeCl, g 48 Ak 31 4 B 09 5 & B4 kL PANT 55 4 5
B H K B 4T sGNS BT ELAT (9 WL HL 2 F 2
P, 5 e B )42 0 5 1T APS b B4R A R A
FHRFH PANT 7 5 fgg i, FL 52 B0 R 09 1 9 45
T 7% HH G S5 9 G L 2 A e i i K

M9 (b) ik B, B L 0.2 A
g UBERFE 10 A g7 L APS A ALH A N E A
FERHIG G FL 25 O 3 R R K (67.6% ), FeCly Tk 2
(61.9% ) ,KMnO, f Lt it 75 5 5 R e /N (53% ).
RNy FeCl, iy Ak 70 A 1% 42 4 #1BEh PANT
Fri g, R IRUE sGNS R, A F T fif
(15 %1 5 APS Sy Ak 7 45 1 1 5 4 B4 KL PANT
B R KA S B 4 K B 45 0
F LS F 0 H R R A () 5 B % s KMinO, R 4

AL 2 B b o BB PANT LA 5 25
HEGHLME B SGNS 48, R T o i 5 9 T 1
A/ 5 BOK R S B ol 2 O
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Fig. 9 (a) Galvanostatic charge-discharge curves in 1
mol/L H, SO, at a current density of 0.2 A/g; (b)
Specific capacitance versus current density of sGNS/PANI

composites with different oxidants
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Fig. 10  Cycling stability of supercapacitors based on

sGNS/PANI composites with different oxidants at a current

density of 1 A/g

P 10 S AN [R] S AR 57 i 75 19 sGNS/PANT &2 45
FHEHE 1 mol/L H, SO, ¥ ¥ b AL JK 41 44 ¥ [l



986 R S A N 2012 4
-0.2~0.7 V1 A g™ LT 8970k B A6 FEB 2540, 15 1B 42 8 7 45 5 ot B R, L
WROEMEIZ. v] LI F], KL KMnO, , FeCl, 1 APS PANT Sy 40K RUBE , 7o 70 ri, 3 i ok HC 45 4y ) il IR 7
S S AR A5 B R A A B2 ST 2000 YR 78 ik HL 1 FEAR /N, B3 sGNS FEA X H & 1 i) PANT [ 51] th,
W, H i R R 2 50 5k 80. 1% ,87. 4% Fil 2 B 5 VR B IZ B A ORGP R Pk R AF.
94. 3% . HJFH v] fif B b L KMnO, S &AL 7 & % 3 s

B 5 2 L 38 e 5 245 R 2% 7 L 3 A s

1€ sGNS Fifil , AN F| T8 2% B + i A B0, IF DL 55 53 F80 I B Ak A 55 075 S B 4 L, 43 1) oR
1 70 ik L 2 AR P 6E PANT [ 45 4 5 iR % 38, [R) B 3 A0 T e e A TR A R = Gk Bk ol SR AR )
SRR Y N IAY S N Sa s L7/ A N PR AR A — R IRk A SR AR R R
HIEHFAE R 2. L FeCl, A8 ALT & M E 4 (sGNS/PANI) E &M k. BF9E K 8L, R H 3 A4k
PRk, T FeCly 82 55 19 S fL B8 71, & ff PANI FI T 75 19 52 B b RHE b 2 A R TS A R
DI R W98 A7 AE , AE KA 8] 7 i i # vp , 2R 2 PERE A A W2 22 05 T IR B B A S
FRYTRRSEERR, WRBEAREEN T WIFHAL(2.05 V), Bl 45 09 &2 & # kL PANI
B (0B T2 A M ekh PANT & &5 20, sGNS [y 1) & B AU R, IR I A P PANT 20 K 0 4% [
L3 =, G L F 25 A B T R 22 /N T KMInO), LS N i e R = NN A R NN R SRR R
S E AR G B A MR Y R B A AR R AL S5 G PR 68 L % 2 & M R B F AR = i R
APS MEALR KRS BRI HERA T P R 2 FEL AR A ) HL AR M
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EFFECT OF OXIDANTS ON STRUCTURE AND ELECTROCHEMICAL
PERFORMANCE OF SULFONATED GRAPHENE SUPPORTED
POLYANILINE COMPOSITES

Biao Ma, Xiao Zhou, Min-giang Sun, Geng-chao Wang
(School of Materials Sci. & Eng. , Key Laboratory for Ulirafine Materials of Ministry of Education Shanghai Key
Laboratory of Advanced Polymeric Materials, East China University of Science & Technology, Shanghai 200237)

Abstract The sulfonated graphene supported polyaniline composites ( sGNS/PANI ) with different
hierarchical structures were synthesized successfully via an interfacial polymerization method using sGNS as the
substrate, and the influence of oxidant type on chemical composition, morphological structure and
supercapacitive performance of the composites was investigated systematically. The results showed when
ammonium persulfate ( APS) was used as the oxidant the PANI had the highest yield and degree of oxidation.
The hierarchical composite of sGNS-supported vertically aligned PANI nanorod arrays was formed, and the
PANI nanorod arrays possessed higher degree of conjugation and crystallinity, thus the composite exhibited high
specific capacitance (497 F g~'),excellent rate capability and cycling stability (5.7% capacitance loss after
2000 cycles). As oxidant was FeCl, ,the PANI had a very low productivity,and the PANI was coated onto the
surface of sGNS and formed a thin film. And the composite possessed the lowest specific capacitance (228.5 F
g~ ") ,but charge-discharge cycle performance was rather good (87.4% retention rate of capacitance after 2000
cycles). When KMnO, was used,the PANT with agglomerated particles randomly accumulated on the surface of
sGNS, and the PANI displayed amorphous structure. The composite showed a relatively high specific
capacitance of 419.6 F g~' but the rate capability and cycling stability (19.9% capacitance loss after 2000
cycles) were poor.

Keywords Polyaniline, Sulfonated graphene, Interfacial polymerization, Supercapacitors



