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« E M7|-™MXt X &, smart paper, flexible electrodes, flexible displays S0 0| 27t5d0| 3.
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»TUTORIAL REVIEW Environmental science and engineering applications of
nanocellulose-based nanocomposites®
1. Introduction

- Nanocellulose(<10nm) 7|8t L= 28K £2 98X, 228 NZ, £2 EHF,
I:

S
o EE== 7t US.
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biodegradability, biocompatibility, <= visual light scattering &
« Scheme 10| M e Z0| Al AEE 2 A(wood, wheat straw, potato pulp &)= =2|H, 2tetA (A
e 9| 22| HZEHS E510 nanocellulose?t Bt= O X|L} BC 7|8t nanocellulose=

ME|of efet 7t ard= S50 M=F.

* Nanocellulose= SWCNTsELCF QF7F 22 ZFE CNTsQf H|=cot W2 EX Wi, e gl = JHE.

* Nanocellulose2| &-&: papers, transparent films, fibers, hydrogels, spherical particless0f| &
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2. Preparation of nanocellulose
* Microfibrillated celluloses(MFCs)= AZ0|A 2|43 hemicelluloseE X 7Hd5t7| {8 BEIAE
X 2|5+0] micron37|2| cellulose pulpE 7| A& Q1 X2|of s =g,

* EndoglucanasesE X 2|50 & 24tz 10-20nm MFCs2F 5nm microfibrils& & =4

0
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c MFCsO| E4t2 A7 B o =2 2,26,6-tetramethylpiperidine-1-oxylradical (TEMPO)
mediated oxidationE X{ 2|5l MFCsH M| carboxylic groups2 dd St 2 M &l A 24K 2| E.
e Fig. 11} Z0] TEMPO/NaOCI/NaClO, X2|0| o|st 82 TEMPORDF X2| ;S| ECt o & &
el s TSA Z0] O] EHoz BHE papers= AZA| BHO| ZgtEl} HISES &0 HI
HA Fh80| 2 E RS

* Plant cellulose pulp, filter paper, BCO|| mineral acid Hydrolysis X|2|&tS 20N 2 aspect ratios
£ 7%l nanocrystalline cellulose (NCC)E BH&.

S22 SE0AM NCCSe= UM sHd o= dd5tl 37t gA 4= =0 & Z20

nematic/chiral nematic A2 QX|lH S0 = 0= HE7F ACHE X =. O|st HEES2

rr

S
MAAE HE &2 U I #x2H¥e=z OhE HIMNe dedst=0 =20] E. Nematic/chiral
nematic A2 MUt Jt+=28)| 22 A|Zt0] HE™H 29| sulfate ester groupsit X| =]l
microcrystal size0f] = TCEMN = = /U

2. Preparation of nanocellulose paper and film

o AHFM Ol nanocellulose paper?| =H| BIHH 2 nanocellulose M= Cta A substrateE &5}0
TE{St 1, substrate |0 @M El cellulose matE ¢ 2 7t CFS 22|= IHE S0 paper
* Naocellulose paper2t LHtX Ol cellulose paperl| XtO| M2 paperl| CtE/H1t paper X Z=0| A}

= =
%l cellulose fiberz2| X1 49| X}O|7F Q.
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Scheme 1 Relationship between different kinds of

nanocelluloses.

Fig. 1 a) Optical micrograph of TEMPO-oxidized cellulose
fiber; b) TEM of the TEMPO-oxidized cellulose fiber.
Reprinted with permission from T. Saito, M. Hirota, N.
Tamura, S. Kimura, H. Fukuzumi, L. Heux, A. Isogai,
Individualization of nano-sized plant cellulose fibricatals
by direct surface carboxylation using TEMPO lyst under
neutral conditions, Biomacromolecules, 2009, 10(7),
1992-1996.



« Nanocellulose paperQ| Z A1} Ch3M0| 7bA|ZQ| miEHECE ZHOF AFZHO| H O YOLIX| Q7| )

=0 E& nanocellulose paper?} Bt=0{&. EETE nanocellulose paper?| HHZ polishingst i H
L EZHT R940| AHS B8 AU
s MFCs2t M= Z2| polypyrrole 585t paper= =+ electronic conductivity?} ion-exchange

capacityE 73,

 Fig. 20| e} Z40| BCE 0|23t nanocellulose paper= BC7t M |[[H HE O HE|E M| 7]
[ =0 filteration TtA= 4250 BC hydrogeldf| f8HE 7t5t0 ZtEHSHA| BC paper?t BF=0{ &l
BC 7|Ht nanocomposite paper®| Z == 718l EHM ESE 9| CHE nanocellulose paper2t
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 Resin/BC composite papers®| EHHE 2 resinse| 2 E1 20| & F.
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Fig. 2 Comparison of the transparent papers made from BC
(left) and MFC (right). Reprinted with permission from K. Y. Lee,
T. Tammelin, K. Schulfter, H. Kiiskinen, J. Samela, A. Bismarck,
High performance cellulose nanocomposites: comparing the
reinforcing ability of bacterial cellulose and nanofibrillated
cellulose, ACS Appl. Mater. Interfaces, 2012, 4(8), 4078-4086.




»Optically Transparent Membrane Based on Bacterial Cellulose/Polycaprolactone®
« BC/polycaprolactone (PCL) &%tA|| 7|Ht AstX EHGH M=ol & HAXE BCO| PCL acetone
g2 AMEH B0 BEYOH Bt £
Ao O|2fet Zif= 7tA| &M ML ECE 22 AM2ts 2o J|= PCL nano-sized spherulitesZf BC
HOHY HME 20tdES ST 2= biocompatible flexible display 2 biodegradable food

packagingOf| AF2E|0] & 5= 2.
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Fig. 1. Optical transmission spectra for the: a) BC  Fig. 2. SEM images of: a) BC membrane surface, b) BC/PCL
membrane, b) BC/PCL membrane. Inset images of the  membrane, ¢) Cross-section image of BC membrane and d)
pure BC membrane (below) and transparent BC/PCL  (ross-section image of BC/PCL membrane.

membrane (up).



»Surface Modification of Bacterial Cellulose Nanofibers for Property

Enhancement of Optically Transparent Composites: Dependence on Acetyl-Group

DS’

M7t £ =5 Of

I AA|7 £34EO

Fig. 4. SEM images of (a) untreated, (b) DS 0.45, and (c)
DS 1.55 BC samples. For all photographs, the length of
the scale bar is 500 nm.

Fig. 7. Appearance of optically transparent acetyl BC nanocomposite.
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