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Abstract

Nanocelluloses, mainly cellulose nanofibrils (CNF) and cellulose nanocrystals (CNC, i.e., defect-free, rod-like crystalline resi-
dues after acid hydrolysis of fibers), have been the subject of recent interest. Due to the presence of hydroxyl groups on
the surface of nanocelluloses, their surfaces are reactive, making them suitable candidates for reinforcing materials for manu-
facturing polymer composites. In this study, CNF was used as a reinforcing material for manufacturing cement composites.
CNF was prepared by TEMPO (2,2,6,6,-tetramethyl piperidine-1-oxyl radical) oxidation procedure combined with extensive
homogenization and ultrasonication. Transmission electron microscopy (TEM) analysis of the suspension showed the width
of CNF between 10 and 15 nm. The compressive strength of cement composites containing 0.5% CNF was comparable to
that of conventional cement composites. On the other hand, the tensile and flexural strength were improved by 49.7% and
38.8%, respectively, compared to those of conventional cement composites. Also, at an ambient condition, the degree of
self-shrinkage reduction reached to 18.9% in one day, followed by 5.9% in 28 days after molding.
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Al A= Aol oA mAMARE Axs] flste] 71414 MEE
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(2,2,6,6,-tetramethyl piperidine-1-oxyl radical)°ll st AEZ A ¥
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2.1. AEM=

Aol AREE Hdgr EWMISEZE HZI(NBKP, Nadelholz
Bleached Kraft Pulp)= =] M AX| 3JALf| A F-9)8ke] A-&31ick

TEMPO (2.2.6.6-Tetramethyl-piperidin-1-oxyle) 2} 2 &3P} EH(NaBr)
< Sigma-Aldrich A|¥-2 AHE-8H 1L, FABHIEF(NaOH), AFobada
ANFEF(NaOCl), ZANFEH(CH3COONa), ©F4 AN EH(NaOCly)
= A EE ARSI T

AMIEESAE Axstr] st AWE: REXEWUTAWE
(Ordinary Portland Cement)& AH8-3}1aL, A=Al HhAF 2 mm
o] FEXAL FALE ARESIGITE EE Y AR R e A7 AlHESS
A A7eE 546 wA= Y& vlaste] Brlstaal, |4 W
fH02 AMEE CSAl §FA7HA|(Carbon  Sulfate  Shrinkage
Reducing Agent)E AME-3}SITh

2.2, AlE{ubH

22.1. MER22A0| A5}

7198 wlA7]of] ZNBKP) 10 g 575 500 mLE Y3l 5 min
Bt B4llste] 2% w9 &ulE] YEE WESIth AFd el magnetic
barZ ©]&3}o] TEMPO 0.08 g# NaBr 0.5 g& <91 1 L¢] H]o]A
(beaker)©ll &212] 250 g (ATl A 5 o0& AlF o] Y3 57/
= kel 18E FE 1.0% $EE IS 0.5 M FABRE
F(NaOH) MO 7 pH 10 o]0 7 A3 3 10% 559 xjoled
AT ERENaOCHS A+ g3 5 mmol& AA3E] 27kt 4 h 5t
WHEEIITE o]0 A o] Z}X|(Whatman filter papers 541, 27 11 cm)&
ol gato] 12} AlslE AER QAS oyl TRFE S40] 2
7HA] ol ®l WHE M Fstal 21 Z(freezing dry) 3t T, 7H254]
7] S Atk =3 Aol wil TEMPO ARsHES--4 ol A
A QHF| E7)(CHOYS 7HEEA3} W3-8 9)8to] 23} Alshik-e-&
Skt

SrolA] M et AAFA A 3 g8 AERZ LA ARFE 05 M A
UEE dFNFAO R pH 4.5 28)S AHE5H] 18E 55 1.0%
2 sl o]ojA] old AN FER(NaCIO)S A g9 1.8 g&
Y1 2204 48 h 5<F 500 rpm 5= WHFEISITE o 24X](Whatman
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ol3felil, THTE 0] A W7 oy W wHE AHESGIT 1
ol BAAZs] FtEEAY] dEs s
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12k} 22F AbshE AER 9 A0 ZH7F 72 RAT] RS electric
conductivity titration (Metrohm)*] 0.2 Z743s}3lc} 54 7133 bulk
Feje] AFZ A A4 03000 g} 55 60 mLE H|©]#(100 mL)
o] ¥i1 0.1 M HCIZ pH 3 ©|3t2 Zd3al3it}. o]o]A 0.04 M NaOH
f4E 0.2 mL/min $5& pH 117H4] F818te] A % E(conductivity)
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7t2547] S (mmol/g) =
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electron microscope, TEM)C. 2 ST 0 A R0 PejE 24
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Table 1. Mix Proportions of Cement Composites for Mechanical Characteristics

Weight
Mixture CNF contents (%) w/C gt (&)
w C S PF
Mortar - 0.50 450 900 2700 -
CNF0.5 0.50 0.50 450 900 2700 1.71
W : Water, C : Cement, S : sand, PF : Pulp Fiber
Table 2. Mix Proportions of Cement Composites for Self-shrinkage Characteristics
Weight (g)
Mixture CNF contents (%) w/C
w C S PF CS
Mortar - 0.30 332 1106 1106 - -
CS1.0 - 0.30 332 1106 1106 - 11.06
CNF1.0 1.00 0.30 332 1106 1106 3.8 -

W : Water, C : Cement, S : sand, PF : Pulp Fiber, CS : CSA based expansive additive

1st. Mixing 2nd. Mixing 3rd. Mixing

Cement
+
Cement Water
Cement + +
+ - Water - Sand
Water + +
Sand Fiber
+
(Expansive Additive)

Figure 1. Mixing procedure for cement composites.
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(a) compression & (b) tension
flexure

Figure 2. Specimen for tensile, compressive and flexural test (unit : mm).

(a) compression

Figure 3. Test set-up.
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Figure 4. Specimen for self-shrinkage measurement.

Figure 5. Self-shrinkage measurement by data logger.
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3.1. NaClO &2 M2 MEZRA MRl 7254 &2 Hin
Figure 6:> “-2ollA] HESAIZE 4 h F<F AEE 2~ TEMPO At
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7F Qa1 ooldE Hvishd Wt fle AoE etk 3t
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=d 2R E 3] A= A0 RA oln] ¥ A7
el A g9
Isogai A9l W= Figure 749 i D-glucuronosyl T =
o]FoIA cellouronic acid (CUA)S] Na¥ %= Na(l.4) 8 -D-poly-
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2]l 12} &51-&0] TEMPO Atgle] ool Held oz ¢q 7t2 544
o7 HIsl= Ao BHuy 1 QlrH14,17,18].
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S5 ANEIIE wl, W-SAIR e W l2 8 sleke] Wl st
o] AR Ayjolk 7 Ay} WH-gAIZ0] 4 kx| S71slel uje) 712
B2l geko] Sk 3e & 7t Slth TEMPOS! 23 AFsE-g-A]
7ro] AojAd Ao g 42 02 Zhlx| 3 9] B (fibrillation) ]
AA A Bl BAEE AoE Bl 9loj[9] JHEE A
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Figure 6. Carboxylate contents of cellulose fibrils prepared from
NBKP by the TEMPO mediated oxidation with various amounts of
NaClO at room temperature and pH 10.0 for 4 h.

Pk

o
.
- % @
% NaCIO

NaClO-_ < NaBr X
N

NaCI*” NaBrO

D bt
o
x

N
6H COOH COONa

" @ apmio_
OH OH
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Figure 8. Carboxylate contents of cellulose fibrils prepared from
NBKP by the TEMPO mediated oxidation with 12.0 mmol NaClO
(per g of cellulose) at room temperature and pH 10.0 for various
reaction times.
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Figure 9. Yield of cellulose nanofibrils prepared from NBKP by the
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Figure 10. Dispersion states of TEMPO oxidized cellulose nanofibrils
with different carboxylate contents.

Figure 11. TEM images of a dried dispersion of TEMPO oxidized
cellulose nanofibrils with carboxylate contents of 1.49 mmol g’
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Figure 12. Mechanical properties of cement composites.
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Figure 13. Self-shrinkage characteristics of cement composites.
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