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Development of flexible energy storage device based on reduced graphene
oxide (rGO)/single—walled carbon nanotubes (SWNTs) composite
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Abstract : We report on the preparation of reduced graphene oxide (rGO)/single—walled carbon
nanotubes (SWNTs) electrodes deposited onto flexible polyethylene terephthalate (PET) via spray
coating technique. The highest capacitance value of the unbent rGO/SWNTs electrode was 82 F
g lin1M H»SO4 at 100 mV s71, which decreased to 38 F gl after 500 bending cycle.
Further characterization, including galvanostatic charge/discharge measurements and electrochemical
impedance spectroscopy (EIS), showed that the rGO/SWNTs electrode retained a well-defined
capacitive response after repetitive bending cycle.

Overall, the rGO/SWNTs composite electrode showed reasonable electrochemical properties even
prolonged bending cycle. Approximately 50% of the initial capacitance for the rGO/SWNTs
composite electrode is remained after 500 bending cycle, making the electrode a potential option
for flexible energy storage applications.
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Uik Am, & 2880 g4yl REES o8
sto] S Ze olvA A AmE AT st
Rom ofgl 7hx] A7]|etetA 7He Fsto] o]
24 ot B 2 AFeAs =99

= re-stacking == AHE 5517 F8l
A w2 7] ALt 3HAS Zhe ddd o
AULEEE ‘spacer’ T ‘binder’ 2 AE5h]
I H layer AtoJofl self-assembly HTEE Al
skt Qin 152 1M O] re-stacking FA|
£ Hobslr] oA @dY gAauieRHE 119
o Eetelote] M52 Ax shaleH, f7lES
Lot AsAoA ovx] "rE FH 62.8 Wh
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Graphite flake ¢} @Y BAUYLFHE 15}
AmZ (Hanwha Chem)ollAl #+94& shalow
AIEE=2 AHEsH T N N-dimethylformamide
(DMF), A4ital ofgh&2 AHeorg A (F)ollA
TFste] Ero] FAA glo] AHgstled, &
o] FYH polyethylene terephthalate(PET)+=
Delta Technology, Inc. At=YE| Fdsfe] A=
= Alxst] 917t FHAE 7|Ho s AMSSHeH

2.2, E T8 SA0IE (rGO)Q| HZ=
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el oo 4tekAlA graphene oxide(GO)E A
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ato], AAH5 mol (7)) 40 mlE TUE gAY
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Charge/discharge (GCD)+= 94A$H ARUZE 1
Aglom ggsted 1V 7 24 gk A
=9 A7) &AL v &2 Aol oJsiA Al
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Fig. 1. Electrochemical properties of the flexible rGO/SWNTs composite electrodes as a function
of bending cycle. (a) CV with scan rate of 100 mV s™' (b) Nyquist plot with frequency
range of 0.01 Hz ~ 100 kHz, (c) GCD curves at 1 A g' and (d) Specific capacitance

value as a function of bending cycle.
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Fig. 2. SEM images of the rGO/S\X/NTs electrodes;
and (d) after application of 500 bending cy
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