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> Flexible Supercapacitors Based on Bacterial Cellulose Paper Electrodes®

BC 7| HF  multiwalled carbon nanotubes(MWCNTs) 2} polyaniline(PANI) 2| S} 0| E 2| E 2
SupercapacitorsE QS A O 7tCHsH M| X HiHH, 2 H|8 O 2 flexible energy-storage devices2
Mol ZiEstr| flet M22 HSM=z2EMN 80| 7|t E.

» Specific capacitance(656 F g ! at a discharge current density of 1 A g 1) 2F O cycling
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9 | @ Figure 1. SEM images of a) BC paper, b) BC-MWCNTs paper, c)
. L. BCMWCNTs-PANI ,, paper electrode, and d) digital image of BC-MWCNTs
Scheme 1. Schematic of the fabrication process of BC- paper and BC-MWCNTs-PANI 10 paper electrode. ) Raman spectra and f)

MWCNTs-PANI x freestanding paper electrodes. FTIR spectra of BC-MWCNTSs paper and BC-MWCNTs-PANI ,, paper.
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Figure 2. a) CV curves of BC-MWCNTs-PANI x electrodes
measured at scan rate of 10 mV s ! with x at different PANI
electrochemical deposition time. b) CV scans of BC-MWCNTs-PANI
10 €lectrode. c) Galvanostatic charging/discharging curves of BC-
MWCNTs-PANI ,, electrode. d) Specifi ¢ capacitance of electrodes
under different PANI deposition time at a discharge current
density of 1 A g 1. e) Nyquist electrochemical impedance of BC-
MWCNTs and BC-MWCNTs-PANI ,, electrodes. f) Cycling stability
of a BC-MWCNTs-PANI ,, electrode in 1 M H , SO , electrolyte at
a discharge current density of 10 A g 1 at room temperature. The

inset shows the first 10 cycles of galvanostatic
charging/discharging curves.
Figure 3. a) A schematic structure of solid-state

supercapacitor device. b) The optical images of fl exible
supercapacitor device based on BC-MWCNTs-PANI 10 (left)
and a red LED lighted by such devices (right). c) CV curves
at different scan rate, d) galvanostatic charging/discharging
curves at different discharge rates, and e) CV scans at
different curvature for solid-state devices based on BC-
MWCNTs-PANI 10 electrode. f) Cycling stability of solid-
state device over 1000 cycles. The inset shows the
galvanostatic charge/discharge curves.



> Flexible all-solid-state high-power supercapacitor fabricated with nitrogen-

doped carbon nanofiber electrode material derived from bacterial cellulose®

« M= AKX 2 Bacterial cellulose (BC) nanofiber-supported polyaniline (PANI) nanocomposites=

AESit

¢ 390.53kW kg19o| ZE|CH power density, ~95.9% 9| specific capacitance 2f | O = cycling

durabilityE 2 1%t.

Fig. 1 (a) Photograph of the bacterial cellulose (BC) pellicle. (b)
SEM image of the pyrolyzed BC (p-BC). (c) SEM image of
activated p-BC (A-p-BC). (d) Photograph of the typical free-
standing flexible nitrogen-doped A-p-BC (A-p-BC-N-25) being
bent (3 cm 1.3 cm). (e) SEM image of the A-p-BC-N-25. (f) TEM
image of the A-p-BC—N-25 (inset: magnified image).
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Fig. 4 (a) A schematic diagram of the all-solid-state supercapacitor illustrating
that the gelled electrolyte can serve as both the electrolyte and separator. (b)
A digital photograph of a bent A-p-BC-N-25 flexible supercapacitor device
(24 cm 1.0 cm), showing its good flexibility. (c) CV curves collected at a scan
rate of 50 mV sl for the A-p-BC-N-25 flexible supercapacitor device under
different bending angles. Inset is the schematic showing the device under
stress and defining the bending angle. (d) Cyclic voltammetry (CV) curves of
the A-p-BC-N-25 flexible supercapacitor at different scan rates. (e and f)
Galvanostatic  charge-discharge curves of the A-p-BC-N-25 flexible
supercapacitor at different current densities.



> Bacterial Cellulose Nanofiber-Supported Polyaniline Nanocomposites with

Flake-Shaped Morphology as Supercapacitor’

e =2 MEEE, thermal stability, well-controlled microstructure?| £ &2 7} X| = BC/PANI
(polyaniline) compositesE M2 A E A3t Supercapacitor2 7|25t 0 aFx CHASE energy-
storage devices22| 80| 7|C{E.
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Figure 9. Cyclic voltammogram and galvanostatic charge/discharge for the
O . oo SN BC coating by PANI electrochemical character of BC/PANI nanocomposites with potential

(vs SCE) from —0.2 to 0.8 V: (a) 1, 5, and 10 mV/s; (b) specific capacitance at
Figure 8. Schematic illustration of the process of preparation of different current density, and (c) cycle life of BC/PANI at 0.4 A/g in
BC/PANI in DMF/H20 mixed solution. 1 M H2SO4 solution.



> Dyeing bacterial cellulose pellicles for energetic heteroatom doped carbon

nanofiber aerogels®

 Supercapacitor®| electrode materials2M LC}st heteroatom (N, B, S and P) doped carbon

(HDC) nanomaterials& toxic organic dyes& 7tX|11 BCO| EMSI 20| 2|5t XS 0

toxic dyeE H|7H ot = precursors= M HAHEl BC 220 A carbon nanofiber(CNF) aerogels& g
dgt olgst A2 7|ES| HDCHEH e = M ZE M=S0f Hlwsto] ZHEstHAM %2 H| &, & &
FH FEE2 7K US.

*HDC nanomaterials= large electrochemical capacitance, good retention capability, high power

density2} long-term cycling stabilityE 7}X| 1 QIO supercapacitor electrode materialsZ AfE3t.

.0 O %k &
: ( \ Figure 1 The fabrication process of doped CNF aerogels. (a)
mﬂ, u 4 - i .llﬂll = "".‘ (1) BC hydrogels were soaked in various organic dye

ﬁ Adsorbing dyes | e/ BB ‘ F'“Z”'Y'"g - "Y""VS'“””z' solutions (imitating waste-water) until saturation sorption;
ol

g! (” (2) after freeze-drying of the as-obtained BC/dye hybrid
hydrogels, various BC/dye hybrid aerogels were obtained;

BC hydrogels BC/dyes hybnd hydrogels BC/dyes hybrid aerogels Doped CNF aerogels (3) fU rther per'ySiS Of BC/dye hybrld aerogels u nder

{1 A8
A\

N - flowing N2 produced doped CNF aerogels. (b) Molecular
(b) {-"“u'”*- & L oL N e, o = ° ) IS formulae of organic dyes (methylene blue, Congo red, acid
ik Al et 1 e g W ke iy Sy ’ fuchsin, methyl orange, crystal violet, and Rhodamine B)
" . =" CR i . . used in the fabrication process and corresponding digital
W images of their solutions. The high heteroatom contents in
| x () N [ ] organic dyes make them be excellent precursors for
(H: C];N—:?—N Nﬂzhsom g A i preparing doped CNF aerogels.
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Figure 2 The morphologies and chemical compositions of N-S-CNF-
800 (MB). (a) and (b) SEM images and (c) TEM image of N-S-CNF-800
(MB) aerogel revealing its 3D network nanostructure with 10-20 nm
nanofibers. (d) HRTEM image of an individual N-S-CNF-800 (MB). (e)—
() Energy filter TEM (EFTEM) image and elemental mapping of an
individual N-S-CNF-800 (MB). (k) XPS survey spectra of N-S-CNF-800
(MB) and CNF-800. High-resolution XPS spectra of the deconvoluted
(I) N 1s peak and (m) S 2p peak of N-S-CNF-800 (MB). (n) Raman
spectra of N-S-CNF-800 (MB) and CNF-800.

Figure 4 Electrochemical capacitive behaviors of N-S-CNF-y
(MB) aerogels and CNF-700 aerogel. (a) CV curves of CNF-700,
N-S-CNF-600, 700, 800, 900 (MB) in 1 M aqueous H2SO4
electrolyte at a scan of 50 mV-s-1. (b) CV curves of N-S-CNF-
700 (MB) at different scan rates. (c) Galvanostatic
charge/discharge curves of N-S-CNF-700 (MB) with different
current densities. (d) The variation of specific capacitances of
the above samples as a function of current density.
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