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Abstract A flexible paper fiber-reduced graphene oxide-polyaniline hybrid electrode was investigated in
this article. Using low-cost paper fiber as flexible substrate, the electrode was prepared through ultrasonic
dispersion and vacuum filtration. It combined the advantages of graphene oxide electric double layer with
polyaniline conductive polymer pseudo-capacitance. The obtained electrode was characterized and tested by
various instrumentations such as scanning electron microscope, cyclic voltammetry and galvanostatic charge-
discharge. In the bending test experiments, the obtained electrode was not separated into individual layers
after hundreds of bending cycles. The flexible paper fiber-reduced graphene oxide-polyaniline hybrid electrode
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also exhibits excellent capacitance (458 F/g at a discharge current density of 1 A/g and 250 F/g at a discharge

current density of 10 A/g) and remarkable cycling stability with capacitance degradation about 20% after 1 000

charge-discharge cycles at a current density of 3 A/g. The proposed flexible electrode has great potentials in the

development of flexible energy-storage devices for wearable electronic products.
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Fig. 1 (a) Schematic of the fabrication process of a PANI-RGO/PF electrode, (b) Flexible PANI-RGO/PF electrode



134 RN, A IREFAEEE MR A B . RO

e S A R R 4 5 TR RE DT T 19

HORK T REI AR 4E R T, T T BB (1
7 21 A R A L 7 AT 4
A S BT F A B8 0, AR RN SRR i
I HO, B ETHE, 153 7 =485 1
PANI-RGO/PF & & HIRMEL . g, &
IR JF R S5 S8 A AT 320 AN AN e % i S A
I IOBAEARA SR, 1 H 2 RIS RIL I E
SRR AR IE B 15 ST 7 U E AR AT 4E AL
b, NIk — 2 i = 4EZ5 1)) PANI-RGO/PF &
A FRA R 5 R P RO FRL AR VR S T BSORT LT
(A R 0PN T AR AT 4 AN R A A A SR
Z I BEAFREFMSE S 71, PANI-RGO/PF R ILH
IR AL AR E P, 7EHEAT 100 K25
MRS, A A1 53 2 R0 5 (1 V%
WL, dRuE 1) fir.
31 BFHEEmaH

Bl 2 NaREF e, I 5 SR A A S8 0 0 3R K -
T R A AT BB 0 7 ) AR AT 4 3 (AR A AN =
THAfMBEESER. wE 2@ fME 2@l fis, ®
LN PRI A YRR T 2P, A YRR SR
fi, FHEARN 10~20 um, TR EE KPR 45
M, R S R PR T AR ER A .
Bl 2 (b) FIE 2 (b1) A H SRR E 5 5 TE B

(a,al)« (b, b1) I (c, c1) 7 HINAREF A 34 A A AT 5507 A0 S Mk -
B AL AT SR AT U 2T AR AN R 28 R I R
B2 #IEBERRERMEERE
Fig. 2 Representative FE-SEM images of the cleaned paper
fibers and RGO, PANI coated on carbon fibers

RGO/PF JEFLE . MWK AT LLE h, &5
SIHAAAELRLF 4L R AT T B AR,
[ IN 320 76 AR 2T 4 WY 2% IR FLBR AL 2R AT T3 78 . 7
T JE DR AT BE 2 T 2 H RE AR AR £ 4 5% 1 A Al
1R PR J R A T S8 0 T BT e 1 R AR
Rt '] 2 (c) FIE 2 (cl) S T R A
Hby 7y BOTE I8 J5 A AL A SR 0 B 2 RD AR 2T 4 (1 AL B

s TRORJHRIIE S A AT S50 0 AR AT 4 1) B 78 R
78 DA S AR 4 21 /K PR R AR 45 84 9 F AR VR V012
DN T AR R SR T L B p (™
32 EIMRZSHR

P 3 & RGO/PF £l PANI-RGO/PF FE % E HL {7
HWH—02V~08V, FHHHEZEN 10 mV/is T
iRz thZe. MK 3(a) WTELUE i, RGO/PF Hitk
MRHIEI R 22 M 2o 2 H R, R H 2 1)
WA B O L 2 2SR . 11 PANI-RGO/PF H
PR IR R AR 22 o BT 70 S A 3 R A 0«
HEMIZE 0.3 V AU S S FL AR AR A8 Ji
BDRRWE AN AL A, T 0.55 V 1)
S A U U] 2 p R T 5 19 R R ) AR A 7S SR R ke
M EEAR S LR [RIEE ML, 2 b 7 7 A ik
J5E U ) 2 AR A S R R T 1) e () 2 A SR S B
F R gl ke, i H, BU R LA
t, TEMFERMEMEZET, PANI-RGO/PF 1)
T AR 22 e A3 oy AR i KT RGO/PF, X it
B PANI-RGO/PF & & FM B A B = i LL FL 2
Kl 3(b) v PANI-RGO/PF HLARFEAS AR T
MIPEIRR 22 ih 2. B 3(b) G5 SRR, B
HEIER, HE MR K, A RO
FAIE SRR SR T W IR, R B RS Rl o g 5
A BIGAR RN S BER L, HEHBE)S
YRETAE AT XM 28 P i 1 AR (1) 5 Ll % . 4T
Fi R B K [F I, PANI-RGO/PF (1) BH A% AL
Vg e g FRASE A e, T A JiR 06 [ A1 FELANE 72 5
o3BT R R T AR A R, AR I Y
T FERR,  HAR B B P AR R, PR



20 £ o R 2017 4F
15 40
PANI-RGO/PF T 5 mv/s
104 REOPF 304  10mvis
1 20mvis
20 4
54 30 mv/s
Ra 28 10 4 40 mv/s
) 04 ) 4
o B od
B 5 2
'EJ _m] -
—10 4
—10 1 4
—20 4
_15 T T T T T T T i L] A T v T ¥ T v T
—0.2 0 0.2 0.4 0.6 0.8 —0.2 0 0.2 0.4 0.6 0.8

HJE (V, vs. SCE)

B E (V, vs. SCE)

7E: RGO/PF: b JFE A SIG FACLT 4E; PANI-RGO/PF: ZRVEMIARLT i dE - RN - W J5 A A0 AT B0 5
SCE: Saturated Calomel Electrode ( #F1H 7K bl ) s [FIFd 4

(a) RGO/PF fl PANI-RGO/PF 173 HI7E 1 mol/L H,S0O, Hif#
H1LL 10 mV/s I EREE SR AR AR 22 ih 2%

(b) PANI-RGO/PF {EAN[FAIFAIE 3 T IEH R 22 H 22

3 HIZERM R EIMAR RN

Fig. 3 The cyclic voltammetry tests of the electrod

HLR AL I 5, FF AR A A4 A8 B W PR AT FLASE [ 47 7
RS s BERR AR A A A 17 1 75 s o
33 FwMEBMEESH

N7 #E— 2% RGO/PF Al PANI-RGO/PF
HIAR ) AL PR RE S 32 B0 AR R AT T
E FEL I 78 R DA S S A . 1] 4(a) 2
RGO/PF Al PANI-RGO/PF 7 1 Alg IR E T
P H 2. ATRLE W, JLPXREIK =M
RUHh 2 2 B T P M R R A R R A G IR LA
PE, 1 PANI-RGO/PF Hh & IR 5 28 1k i) = £
RGN ZES, 4307 J5 IR 2 1 SRR e i L s i
B A BRSPS T B R AT LA
PANI-RGO/PF [f)ii & bt L %% 1 K T- RGO/PF,
XAEK A PANI-RGO/PF 5 4 HaRR A R} SR 2K i
HE 5 A AN A 55 0 23 Sl AR Ay JOR o 25 X HL J2 At
B RH P R VE G s ™. B 4 () v (o) &
PANI-RGO/PF LI £ A [R] FL it 25 FE N 1 A8 i
R h 2 LA SO B HL R 2 FE R B B L LAY s A
L RN 1 Alg Isf, L% =ik 3] 458 Fig, 1M
HAEREE N 10 Alg i, PANI-RGO/PF K]
EU HL 7% I8 RE (R 47 7E 54.6% (250 FIg) 47, R W

PANI-RGO/PF HI AR B8 7Kk 52 %5 v 78 LY [
8 A o 0 1 A D i R A L A A RO R
ffabre—. Bl 4(d) 2HIREEE 3AIQF,
PANI-RGO/PF HIMlEZ T 1 000 X 78 i LB A J5
MLz . REAR, 78 200 WA G b F A AR 47
1F 80% 747, TfifE 200~1 000 V%78 i LA B
Jo, HCHAIEAREA ARG, PR
A BE VA BB T A Ao 5 2R ke 40 K s A IE T 4 A A
SRR, T BRI T T A RS
BTy e, K 4e) WHF T Bkl
TE 25 e B2 ot Ll R I s, &5 SRR,
£ 500 R I IPEIR S, FARARHI) FE 4% bl
LS AEO 25 M AT R T 24%, R T 4R 45t
FNEBARAE D RS T B RIF G AR E M
AN, Zheng SFUOHRIE T R AR AT 4 K -IE R
A A SR -TRANKE S AR, 72 0.5 Alg
T2 252 Flg. Lei 2858 T —Fh etk
RENAE MR 4 E S AR, £E 5 mV/s 198
HEF N EL 2R N 113 Flg, FF7E 1000 Y76
PRRAE PR G B AR B D . Xu 25 P HRE 1Y
FHEM A4 R-RMR AR, RIHIRLF



13 TR, 5 IR YERE M R SR . ORI R R A A B A AR R I % S M RERT AL 21
1.0 = o 1 T = 1Al
RGOIPF ;zg 4001
g 08 PANI-RGO/PF g 08 5 Alg 0
7Alg — 1
ﬁ 0.6 2 0.6 10 Alg 2 \---_._._____.
> > ~
204 204 & 2001
=) H 2
2 0.2 0.2 100/
0+ 0-
0 200 400 600 800 1000 1200 0 200 400 600 800 1000 1200 00 2 2 6 8 10
I 7] () ENO) LS (AQ)
(a) RGO/PF #i1 PANI-RGO/PF Hi#l{E (b) PANI-RGO/PF F{ AT AN [] HL 3t 25 P (c) PANI-RGO/PF HIRAEAN [F] L 7t 2 5
1A/g 7 Hh 2% N FE R AR
100 =
1001
L S
801 &0 TR——
S S
w60 K
& =
% 404 & 401
201 204
04 ; , ; . . 04— ; D ’ . :
0 200 400 600 800 1000 0 100 200 300 400 500
PR IREL 5 i RS

(d) PANI-RGO/PF AR LE TE 5 IRAS T IO R I it 2%

(e) PANI-RGO/PF FIREAN RS vk & T RGP0 A2 Pkt 2%

4 HIERBM R FERE MBI E MR
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