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Cellulose nanofibrils (CNF) with 50~100 nm diameter were manufactured from micro-size
cellulose by an application of a high-pressure homogenizer at 1,400 bar. High strength nanopapers
were prepared over a filter paper by a vacuum filtration from CNF suspension. After reinforcing
and dispersing CNF suspension, hydroxypropyl cellulose (HPC) and polyvinyl alcohol (PVA)-
based composites were tailored by solvent- and film-casting methods, respectively. After 2, 4, 6
and 8 passes through high-pressure homogenizer, the tensile strength of the nanopapers were
extremely high and increased linearly depending upon the pass number. Chemical modification
of 1H, 1H, 2H, 2H-perfluorodecyl-triethoxysilane (PFDTES) on the nanopapers significantly
increased the mechanical strength and water repellency. The reinforcement of 1, 3, and 5 wt%
CNF to HPC and PVA resins also improved the mechanical properties of the both composites.

Keywords: Cellulose nanofibrils, HPC, PV A, nanopaper, composites, strength

1. &2 =2 GEoA nH0 2 v =] BHRE T
A ] A E = e A SA o dER
AEZQ 2~ (cellulose) = Hlo|Qm~ZHE I& 2 U ARE AxE F Arh(Lee et al., 2009a:
T Ae AR7Fset L 7 SR 1 A 22 5 Z94 8k 2010). 71AIA Al webs AER
shfolw A BE A& etz 7k 40~ 2 Y Aae 3w 2 9 5 g "/P.
50% AEE AASta vk, Eek 73 7144 A A2 22dF9 AF3(fibrillation)?] =5 =
e de g ‘ﬂ-r??ﬂ“ Y FHE Wil B2 o]7] §1ate] 14t ZRA| o)A o] WAF wE9] F
B A5Hx It AERZOAE &Y FHT I 55 F7E F U
o AEet B4S M= ARt Edolt. 8- thefet AZZ O~ S ua FxA EA
1-4 glucopyranose 755 71 9lom, djgfe2 & FAHAEU A (TEM), FARIAE 7 (SEM),
gl 9= FAI(OH) v AE2e~9 whea) & AAYEFAPAA AV (FE-SEM) 2 94274
Aol 2 98kS ok (Klemm et al., 2006: Henrik- ] A (AFM) 5& o]&3le] o= S o). et
sson®} Berglund, 2007; Iwamoto et al., 2007). Zh ko] /g o] WS ghohEd] o#e 4
FH, AHEEiY AR s MAAA S (micro- I AF7e] Yo R A YeAdfe dolg &
fibrils) & #&38l7] 18 A47F EakeiA JayYs o Aok oA ofEFo] BRI = g}, dAnlA
A, ol YeEFARe] BAAR v AR A 71 9, ARt ArE AER QY T
£ o]&3l7] f1greltt. A4 100 nm ©]38he] mAl4& L5 g s M er 49 F v
A5 g 3to]yd (refining) o]V TR A }o] A (homo- (Siro9} Plackett, 2010). AEZ2 0 ~9] T3+ 1}
genizing) ¥ 22 71 A% WS o] &3lo] AEAE =24 f-2] F 3] (aspect ratio, L/D)2F L3k BA
ozHE #2¥ 4 Juh(Zimmermann et al., 2 7 9o Aer 2 252 AZEZ o 9
2004: Nakagaito®} Yano, 2005 %<} ¥+ 2010). & THEE =/ vido|t}, otz F3 = of
3] 119t S ® A }o] A (high-pressure homogenizer) 1,200~1,400 g Eo] Ak, 71 A A WH o2 Y f
£ o] 43l & ol 2Aalyg Aro AERoAE E AR Fof FTPEE oF 30~50% A= a3t
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(Zimmermann et al., 2004).

T R v EY e of2] FH-] vk HAA)
£ T8t Az AAE BEdAEe ¢den 9
A AERZA Y AdwE BAAZ 133 34
ol #ek A7 EdstA & gink 53]
#4 ;=2 polyvinyl alcohol (PVA)3} hydrox-
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59 o] Fo] o] &= a1 3tk (Lee et al., 2009a;
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AZFZ Q2 FEH(W-200)2 (F) AR s}eto 2
FE Fgsts, 9o 271 et 32 yme .
AEZ 2~ YA TF=(DP)E S437] ¢
&} cupriethylenediamine (Sigma Aldrich, U.S.A)
& &R o] &3ttt BHRARE Axstr] $lstA
hydroxypropy! cellulose (HPC, ¥4} 100,000, Sigma
Aldrich, U.S.A.)<} polyvinyl alcohol (PVA 1,500,
Junsei, Japan)S &7 A} HEZ ~E ALE-S)
AT HiFolo] st NAS A T EFA
(J.T.Baker, U.S.A)¥} 1H, 1H, 2H, 2H-per-
fluorodecyltriethoxysilane (PFDTES, Sigma-Aldrich,
U.S.A)& AHE3HA
22 NEEQA LILE0| M=
AERQ 2~ UFol & Axst7] flste] AER

F(W-200) 2.5 g& S5 500 meol 35—@0}04
FE Aol A (high- pressure homogenizer)
(M-110EH-30 Microfludizer®™, U.S.A.)E o] 85}o]
1,400 bare] FE o2 873 120 yme] 4 =&5 2,
4, 6 2 83] FHAA MFC dEto s AEZQ A~
AR dgdor wEST 1§, gl g
£ o]&3lo] HedHolH 9ol AER 2~ YA
(Fo] B 80 ¢/m") & olzsle] 10 keo FAR <&
S 718lHA 80°CE 24A17F ARAA AEZ QA
Uegolg Atk (Fig. 1). AEZ 92 YieFol9

7NAA AegE 487 A8 A& Ake]l= 10 mm x
100 mme] =7 = A28t

=
o]—
R

™

23. Hedrel 3L & =AH

AEZ Q2 UMfeo F33E(degree of poly-

merization, DP)+= cupriethylenediamine (CED)-&
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Fig. 1. Diagram of high-pressure homogenizer.
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HI

A NEZQ A~ 14.1_/\4 (<] J] 6:]/\1-9_ 11 74]111—%_7_}\}111]_

1) 7 (FE-SEM, SUPRA 55VP, Carl Zeiss, Germany)
% O] 00}04 T"i_)'\jl }/v\
2.7. 854 53
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Fig. 2. SEM micrographs of nanofibrils after
passing through high-pressure homo-
genizer. (a) 2 Pass, (b) 4 pass, (c) 6
pass, (d) 8 pass.

2.8. 7IAX &EH

AFRE D Qe AFE ASTM D882 =41
e AHgstel ZAsglom, A 717]3= TINIUS
OLSEN (Unlt d Kingdom Aol WS EA R 7=
ALgEHTE A EE 25°C, AT 50%2] 87
o A 109 HJ%%M Bk 10 mme £E2 =43
AT,

JéF

k!

3. 21t 4

31, 4BRA ULMRY #0lE &
MY BEE

I TRAYOIAE 2 4, 6, 83] T3 & HF3)
(fibrillation) ® AEZ o YA F5

APAA A0 7 (FE-SEM) . = #2351 th(Fig. 2

4 57t ‘7}%‘—?% iAo A7e] oF 100 nm

Ak, Ft 3lFe] ~7}%
WA el F7reh WA BAC} ek

AEZ 0~ YiAlfe] F=(DP)e B 315
of XA oz HAsttHTable 1). 9EAQ AE

Table 1. DP and M, of nanofibrils after passing
through high-pressure hogenizer
0 Pass 2 Pass 4 Pass G Pass 8 Pass
TE=(DP) 291 273 248 211 168
Bagk 49802 46806 42457 306106 28744

o] Fem= 29100, AE2 o~
a B2 o] Ao 23]9} 43] FIHAIA
ARl sEEE 247 2737

2489 A& BTt 18] 639} 83] THAIH &
EEL

mlo ro,

o, AE20x Yuife SHEE 2117 1689
FAE YERAT. 83 T3 Foll YAl fol T%
EE o T3% AL FEOE HAsdY. MBS
9] FHEE Y12 T3] (aspect ratio, L/D)
o DHE AL 7ML e, Aok 29 A
5 AZ2 010 FREE =T e 1% 1A
UolA E3 Fo A7 o yrAfe 2 et

ohet ol E@ gashs Aoz AEhSio

B2 47,125 g/molel oy}, 23] 9} 43] B3
ol AR Ynifo] EAFS 727 4,
40,176 g/molol‘;iu} 639k 83] Fat Foll Al fr
o] EAleke 34,1659 27,200 g/molZ ZrA
(Table 1).
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Fig. 3. Tensile strength of nanopapers after

passing through high-pressure homo-
genizer.
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Fig. 4. Tensile modulus of nanopapers after
passing through high-pressure homo-
genizer.
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Table 2. Contact angles of chemically-modified

nanopapers
0%  30xF 0% F
AEAC) AFAC) AFAO)
1] A2 265 55 =487t
30 min/50 pt 563 560 504
60 min/100 10 643 639 607

eZolo] RIFEHIAIT GA HIAE YwFold H]
A oF 8%} 11% 78ttt (Fig. 6). 919 A9+
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Hell EA8k= A1 (-0H) 7F A 8hak-g-of] 234
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wFole AT B JARAAATIE A &y
7] Wjto2 RltH(Chun et al., 2011).
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Fig. 8. Tensile strength of cellulose nanofibril
filled HPC composite films.
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Fig. 11. Tensile modulus of cellulose nanofibril
filled PVA composite films.
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