Q)]
2015 2017

Development of flexible energy-storage paper devices
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Recent Brogress in portable and wearable electronics has promoted a growing
demand for affordable and flexible energy-storage devices. Although reduced graphene oxide (rG0)
serves as high performance electrode, rGO-based flexible electrodes remain challenging with respect
to scalability and eco-friendliness concerning both the compositing process of rGO with a flexible
matrix and the reduction process of GO.
In this study, we demonstrated that papermaking and successive in situ flash-reduction can be
prospective to achieve this goal. Single-layer GO sheets were composited with wood-derived cellulose
paper (even with waste paper) by a papermaking process with a filtration time of 4 s, followed by a
room-temperature and chemical-free flash reduction process for 0.036 s. The rGO/paper electrodes
showed high specific capacitance, up to 212 F/g, for a paper-based supercapacitor. This finding
opens new doors for affordable and flexible energy-storage papers in future wearable electronics.



¢ X C—19, F-19—1, Z—19, CK—19 (dm)

1. WSO 5

W, BET A ADT X2 7 AR
e EEICESR L T, KRO XS
\ZEERE FREZRE T /A ANTHR D AR 38
DREANATONTCWS, 20 [v=T7F7 7
T/ hu=7 A, TR VT NRE
W 7ebbEET NAANRKATHD, £F
FINA ADH, A—3—F ¢ XX T &
11« BT HENARETERFME V- T2/ E
PHTAHN, BREEDRKESNRETH D,
FORD, BABTILXR U T IR A—/8—
Xy U HDORRBEPARIN TV S,

A= —=F ¥y XU X EBEEIOEEIRED
DITHHIRFEMOBRIE Th D, FrZ, ZAfi
7T 7 74 VHEKOBILT T T = v
(Graphene Oxide: GO) ZETAFL THES
nas&E TRk 7 7 7 = (reduced
Graphene Oxide: 1GO) (%, fERDIEMERR
H—RoF ) Fa—TEBMEY HOVERE
BETRTZENORELRMFFEZED TN D,
Fo, VXTI ARG T B EDIIZ, R
U <= —H{RIZ r6O0 AL L2 rGO/R Y = —
EBOBHFR LR NIHINATHOI TV D,
Tk, Y7 S0 fr=7 A
DI ERTHE, BRETTZ LXK

LBEFNAAANKEICHLE LD, Thbb,

rGO/ R Y ~ — MO KEAPE T 1t 2 DR
ENEE LD, Ll BEFED r60/R Y <
—ERIT., 160 ERU~—DarRY v Mb
R G0 OBILT T Y AR THEMEE V5
A2 TV, BT GO O TICiE, — K
BZ. EIE T (800°CLL L) F7-i13A #ib
HIEFETICBT 2 ERH (1 FEESE) ©
WENRVLETHDL, ZDL DT, 160/RV -~
—EBBOKEAFEIZIL, 7o ARE— R
BRESTHFIME O CHER T R EFREN R - T
W5,

2. WFFEDOHW

LI AT, AMEL T — ZEHED KRR
Z U A — BT - ST D RER IS &
S>ToOL bBND TH) 1, EFELERELT
Ko EEREREZ R L TE T, KA
#2000 FRHTIZHEI STk, FEARMICIX
EbsnZ L, BUROM L T REFETIL,
B 18000 m*/min (2 b T 5 mik « KEAPE
7t A L LTHHINL TS, OHRIT
FURITER « B - fgd - o - fREs kR &
LG LN, ETIE, V=75 71T b
7 ha =7 ZAGWICHIENR Y o0bh D, TR
bbb, 7% 7V TREICE LWDIE— 2
DELTNRNAA [ R—=)R—x LV fu=7
2| ~OEEABREE->TWS, FOHTHA
L, EHEERE, EFS—X— AEV, T
T R T UTVAZE WS TER—R—T
7 b= AORBIZWMY A TE T,
AWFGE Tl ABHER 72 PORREL T & e Hedin D
ST 2B DY, EmEEE R & T,
ERENOTZ LI 160/ — R
N —FEWROEE B L, /o, ~X—

W= R —% & — KL & T, &2THE—
ADTVLHF VT INA—N—F v XU & [EE
W OER AR AT,

3. WrFED Sk

() PREEATOIEHIC LD 60/ e —A R
—R— D PR

BHEERIY LT 7 A R oL (B AR |
FE, FNEEOLE L L - e
— AT ) T 7 A N—OKEEKIZ, G0 (R
~7 U7 AR KGR E R = F LA
R VKR A ZOIETERML T 10 oHEEL
7otk #300 U A Y — A v ¥ 2 W TG R
WEIT- 72 (JEAKEERT : 4 ), FO%, Ky
N AL REEBETSZEICX Y (110C, 1.1
MPa, 10 43). GO/t o —A~_R— 38— 7R
Vv N E&E,

(2) mHRE A L ARG L D 60 D7 Z
v ¥V 2 BT

XY /)T Ty a7 T EHAT Pulse
Forge 3300 (Novacentrix Corp.) Z V>,
=R KR T T, 60/l r—RAR_R—/R—D
REIZERE SNV AN ERE Lz ObRE -
0.986 J/cm*, JEAWEEL : 2 Hz, & FtHHRETEER
0.036 ¥),

(3) rGO/E /b ' — A ~— S — D EABIERESEAN

A—_N—F ¥ X Z L LTOEMMEFEIT.
RTora by A%y b, 3 WL, K
REMWL (1 M NaS0,) & HWTEHMl L, &
AR (0-1V) WO ELAREEFH L,

4. WFERE
(DR E 77 v v 2B Hifick 2
rGO/E L 1 — A~ — R — D FRHL

112, 160/ b i — RS — D B
B Z T, FT. PR e X225 H LT,
GO/ — A= =DM A AT, N
T EGOEIICT =4 ETHY (F 1),

M 1 fPpELtryIyrvaEo ek Rc Xk
5 rGO HEAAL AR — S —E R L O TNEAY = X



£ 1 KHEM B O Y — 2 EhAL

Zeta potential (mV)

Pulp -6.13
GO -35.8
Polyethylenimine (PEI) 36.0

GO/pulp/PEI composite -0.303
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