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»MINIREVIEW Nanocellulose electroconductive composites*-®
1. Introduction

cMEZOALE LEO|Lt SIO|ERZA HEHE 7HX|H biocompatibleSt 1 hydrophobic®t natural

— - =10
material ZEM ME2E 7|30 et M2 = 2A 0| XS JHEL.

M H HdZEZ 7FX|& inorganic nanoparticles, metal ions and oxides, carbon nanotubes,

graphene and graphene oxide, conducting polymers 2} ionic liquids &2 high hydration,

-

swellability, in vitro®} in vivo biocompatibilityst 0 matrix 22 2 small molecule5& ZAA|Z £

0l0] MEZ QAO| MEAD} HBHSI0] B2t} St & 9l

0|2t MEZ A ETHA = high electrical conductivity ON-OFF electrical and optical
switching, electrochemical redox properties= 7%l 222 7|53 E.

e M HAZ 717l B8t = stimuli responsive materials2 M| viable sensorL} actuators 3-&0|
7ts3t HO| MAQo| MA| QA W B2l neural prosthetics, T 7|Xt=0]| 2|t &f= BIE AlA
Hlo| C|HIO|A, flexible biocompatible energy harvestingg2| M2 2 AFEE| X1 RS,

2. Fabrication of electroconductive cellulose composites
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Fig. 1 Schematic illustration of the generalized synthetic routes to electroconductive cellulose composites.
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Table 1 Structures of some conductive polymers

Polyacetylene (PA) Polyaniline (PANI) Polythiophene (PTh)
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2.1 Combination with conducting polymers

c MEM Zoe EES M|, M7|38HN, 2t M A S J+E conjugated polymersl.

c 222 M Z2|H = Table 10| A2} Z0]| polyacetylene, polypyrrole, polyfuran, polyaniline,
polythiophene §0| QU Z.
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2.2 Combination with carbon nanotubes(CNTSs)
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2.3 Combination with graphene
« d2jE SAOIE-EEZRA S8 = HI|H/EN 2d0| 7511 dk Lok e eLt &
FA0X= d2= 202 Rt 2 F.

e J2fjE-HAEZ A F0| HEZ Q2 flexible super-capacitorsOf C{ist A7 B0k 10 /UZ.
2.4 Combination with inorganic nanoparticles
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nanoparticle-reinforced, metal nanoparticle-reinforced, nanofiber-reinforced polymer matrix
nanocomposites, hybrid nanocomposites.
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2.5 Combination with ionic liquids

 1-butyl-3-methylimidazolium bis(triuvoromethylsulfonyl) imide (BMITFSD)-RE2A= =2 T
T £ = H 1 5t ¥ 11 cellulose triacetate(CTA), N-methyl-NO-propylpyrrolidinium
bis(triuoromethanesuIfonyl)imide (Pyr1,3TFSI), lithium bis(triuoromethanesulfonyl) imide (LiTFSI)

2 ME2 ZE2|H Mg gtdst=0 A+ 3HH ionic conductivityE 2FAFA| 7 electrolytes,



dye-sensitized solar cells 50| AFEE.
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Table 2 Cellulose combined with several conductive materials

HMI|1HEE 2f2 Table 20

Conductive material

Methods

Properties

Applications

Conducting polymers (PPy,
PANI, PEDOT/PSS,
PEDOT, etc.)

Carbon nanotubes (SWNTs
and MWNTs)

Graphene

Inorganic nanoparticles
(ZnO, Sn0O,, TiO,, 1, Au,
Ag, Cu)

Ionic liquids

Casting conducting
polymers/cellulose
dispersions; in situ chemical
polymerization; coating on
the cellulose fiber

Solution evaporation
technique; solvent casting
after blending;
electrospinning; blending in
the cellulose matrix

Solvent casting after
blending; filtering a
graphene nanosheet
suspension through a sheet
of filter paper

Atomic layer deposition;
compression molding after
internal mixing; liquid-
phase deposition; LbL
deposition; doping
Casting IL/cellulose
dispersions

Conductivity 10 > to 10 * S
em ™ '; enhanced mechanical
properties;
electromechanical
properties; biocompatible
Conductivity 10 * to 10* S
em '; enhanced mechanical
properties; electromagnetic
interference shielding
efficiency; thermal
stimulated conductivity;
anti-static; biocompatible
Conductivity 10" * to 10* S
em™'; mechanically strong;
biocompatible

Conductivity 10" ° to 10° S
em™'; antimicrobial activity;
biodegradable; enhanced
mechanical properties

Conductivity 10" to
10 *Sem™

Conductors; biosensors;
electromechanical devices;
organic electronics

Wearable electronics; energy
storage; decrease
electromagnetic wave
interference; cell impedance
SeNsors

Flexible supercapacitors;
energy-storage devices;
biocompatible materials;
transparent and flexible
electrodes
Antimicrobials; functional
chemical sensing;
biosensors

Gel electrolytes




3. Bacterial cellulose electroconductive composites

« BC EE Bt inorganic nanoparticles, metal ions and oxides, carbon nanotubes, graphene,
graphene oxide, conducting polymers, ionic liquids 12| 222 0|23l E/40| TFaT|AHL}
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3.1 Medical applications of bacterial cellulose electroconductive hydrogels

« BC-TiO, Sl0|E=2Z2 photocatalysis, photovoltaics, bone-tissue engineerings0f| & A7}
HAz|d S

« Au-BC 238t ZE2 heme proteing 1™z} & = JAHAM LD™H3Z}L =l horseradish peroxidase
(HRP), hemoglobin (Hb), myoglobin (Mb)2 hydrogen peroxide é MMO| =2 OjzZte, e A

IT - L-01O3
oHA, HE SEO| 7tsgS Eng.



3.2 Flexible displays

* Flexible displays, OLEDs 52 T7|N Jd&1t &< d25 2ddAZl BCE O|&5taA B2 &
TAE0| 205t QoL d8 st Lt 23t = =279 flexibledtX| 2381 roll-to-roll 3™HE ¢
ot bending radius& & & 4 Gl= J20[0 &4 JH&E A7 2R

3.3 Electro-active biopolymer actuators

« ME2 QA 7|t electro-active paper= MES|AHO|HA FAH 7 7180 2 HQ =t Y &

MAE JHX| D Q0| BC 7|t electro-active biopolymerE 7510 E0st10 QU2

« BC 7|8t piezoelectric materials2 flexibility, energy efficiency, biocompatibility 52| &= 7}
Zl nanopiezoelectric devices XM|&&ato ZM X|EX Ol X7 O| 750 SCHE ™RAO|HAM MK

O|AlO| 7ttt &M LE-2™ 7| (piezoelectric nanogenerators) 2 A2 5L X} &t

4. Conclusions

* BCt &2 natural polymer=0| conductive materialg1t 225l S¢tH|7F | /JSMY Fig. 20]
Met Z0o] X" A= =2 7HKXAH O flexible electrodes, flexible displays,
biocompatible energy scavenging, electrically stimulated drug release devices, implantable

biosensors, neural prostheticss0f 97 ENk|11 U



Fig. 2 Applications of nanocellulose electroconductive composites.
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