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(TEMPO)AM A A 44k, RALHEHRHNET BN L4 LT NRGFL(CNF), &5 85 (TEM) IR X
I, BV ELFRFARGLAG gREN, AFEH100+23) nm, KEEMKR, L@RERZERRELS 1.98
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Abstract: To better use the stalk of Miscanthus floridulus, a species of perennial grass with high cellulose con-
tent, a M. floridulus cellulose nanofibril (CNF) was prepared by 2, 2, 6, 6-tetramethylpiperidine 1-oxyl (TEM-
PO )-mediated oxidation and successively isolated by high pressure homogenization. Analysis consisted of using
a transmission electron microscopy (TEM), NaOH conductometric titration, zeta potential, steady and dynamic
rheology tests, and the Cox-Merz rule. Results of TEM observations showed that M. floridulus CNF had a fibril
structure (10.0 = 2.3) nm in diameter and several micrometers in length; its surface carboxyl content was 1.98
mmol - g™ measured by NaOH conductometric titration. Zeta potential results revealed that M. floridulus CNF
suspensions were very stable. The steady rheology test found that M. floridulus CNF suspensions performed
shear thinning behavior——the higher the CNF content, the higher the viscosity with a stronger shear thinning
behavior. The dynamic rheology test showed that M. floridulus CNF suspensions exhibited a storage and loss
modulus platform with low frequencies at a content of 0.56%, which indicated a gel structure had formed. Fur-
thermore, the Cox-Merz rule applied in M. floridulus CNF suspensions at low CNF content but did not apply at
CNF content of 0.56%. Therefore, the M. floridulus CNF can be prepared successfully by TEMPO-mediated ox-
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idation method, and perform good storage stability. The M. floridulus CNF suspension can form gel at low con-
centration suggests its potential in thickener and flocculant applications. [Ch, 7 fig. 10 ref. ]
Key words: forest engineering; Miscanthus floridulus; cellulose nanofibril; TEMPO-oxidized; high pressure ho-

mogenizer; theological behavior
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21 2k 2 2 A G 4T 4 R 9N K £ #2 (cellulose nano-fibril, CNF) Fll 2] 4 2 44 2K & {4 (cellulose nano-crystal ,
CNC)., CNF F 24 i sl g5 UI ) FEE S I P 4 R o0 F kA . o B E AR M 9K 9. KB R UK 90
T 22 o, FEEM TR A S EB L. & BRI GEON 8U ; CNC 32 2258 1 i 1R R ff i 45,
JE—FRAR N 10~30 ZE A I BIREF e 2R ik ™. 5 CNC AL, CNF A @ KaAELL, HEE Tk
o FE BT Jym Ll % CNF Z B, 385 23 0 2F 48 R R 47 i B, 2,2,6,6-0 HY KL R BE -1-4 iy A
(TEMPO ) A Ak 7l b B2 — Fh 32 BL WAL B 7 75, @4t TEMPO WA fb, FRA &Y, w4 &K
TR . MRS B IR /N BLAE K v A A Y 50 B CNF AR R JFAT BRI 48 T 25 25 5%, A% CNF i S
WARME . SAITO ZE5H5E T AR Pinus spp. AR3E . 4L Gossypium spp. FI 4l B £F 4k % 3 i+ TEMPO i
AbHH 1 CNF, ZEAHRI A4 T2 N, MR ARIK CNF B9 H A28 3~5 nm, #iifk CNF B EHAZ 224 10
nm, [ 40 E£F4E R CNF () EAEMGE S T 20 nm 247 . H10 15 Miscanthus floridulus J2& 5 UL (%) B 48 A R
A B} Gramineae 1Y), BIHRFHE, ARG E0E (47.9%), WVERPORG4ER I EM B, 1EF 5D
AT S CNC B 6 251, (H B ag %t F355 £ CNF A9 6l & S v BERF 78 & WLRGE , Rk, ASHFIT LAY
T E R MR RE, Seid st TEMPO X H A7 A ALAL B, FoR 5 IR 3 Bk il 45 15 25 CNF, JF3R1E T H
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1.1 LWEREE

TEMPO, Ji#t 53800 98%, i TIkH 2 F); KGR (NaClO), Jii /3%l 74.44%, JbaiE 2
BB A R A F ;BRI (NaBr), s3bral, s aRA R A8 (NaOH), srral, [ 243
fR2E R A BRA W FhER(HC), Jrdral, Brf TR ARl S8 (NaCl), srdral, matfesilmA
FRAHE,; A erg, A, BIESHEHL, AH-BASIC, ATS Tk &% (i) ARl ; Zeta HLAT
BLEE P HTAL, ZetaPALS, 32[E Brookhaven 20 W] ; L AR ¥ il BUJE 55 i 424X, ARES-G2, ZE[E TA A #]; pH
it CT-6021A, PRI AT ik HL 747 BR A A .
1.2 FHEEMKTLHEE
121 ZWE4%EME& KA ARMHZEBKR, 7670 CHEE T H# e asidt, /el
S R B T OK VR, bR R KA MR PR TS R 5 0.90 mol - L 1 AU A AL B (KOH) i ik
RA, TEKBPIHAZE 90 CHEFER N 4 h, BREPF4ER, FARRERFREEPHEETHmIE, 158)%
BERY); 25, PR EOEZRYATOK CERE, Atk 4h, BREWE, DA THhiE, iy
R 0.15 mol - L™ WA BRENIA WL, FIEEER IR 2 pH 3~4, 7E 70 CKE T HEFE S h, ik, JHEE 7KK
ZERPER R E A E A, BT A AR
1.2.2 TEMPO RALFAA R FREL—E R W R 8 TABKP R 2 d, fiitf, nA TEMPO 5%
LR G, & TEMPO 582l (LK), PRI IRERM A LR BRI, A, &IFR
G pH ARy 11~12, BfE RN EFRIE I, pH (B 8T FEAK, A PR 5 e N %, i 538 im 0.5 mol - L
AL AT I AR 35 B pH (B pH 10, 2 pH {EAFE R B, RONZE . K TEMPO 4b BRAF 19 27 2 5%
BIFRAIE Z R (3~5 ) 2, PR MM 4E R BRI RS2 5.0 g-kg!, AT R EBIR,
123 ZHEAR R EB B 01 4 Z R TR IR AT AL, R 10° kPa A2 Ay, AR IR
3, RIAS R0 BB AR R A, RS 20/ R BOE VEPLEE A 5 min BRAES, o7 HTHERERAE,
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1.3 MEBERAE

1.3.1 CNF &F kA4 A2 CNF 775 [ & f o2 T CNF 25L& /= fndE il CNF &
TR S R IEAR S, T ER W RAE . H— 8 2 0 T 5 CNF B V7 W0 A B 4R b (85 405 & m,
g), Wi, 0k my, g5 AT 105 CRHT 2E &, B s A0 RERE, 128 me, go W
I CNF B [ 55 5 (w, %) 4 w=(ma=mo)/ (mi=mo)x100% . G833 P @ BOF- X ME, 15 3 10
CNF 277 5 J5 i 1) [ R 0.33%

132 A% £ CNF @z AsEae CNFWRERES /ELFEMESEH. £ =0T mA 10
g CNF B 775 . 20 mL 0.01 mol - L™ S0 /b & % % 80 mL 0.001 mol - L™ &AL oA, HEHEH 25, H
0.01 mol - L™ S8 AL ANV AT I 2, WA TR Ry 25 °C, 30 7 5 U A A A A TR ) S R I )
R, VEEHE AT CNF R E R EE S+

133 #4B (TEM)M A I BRI CNF Bk (B & 5202 0.01%), i 1 i7e s sadi i F,
BE R AR A e 5, T8 2 min, RGOS MRS, BlJS F TEM #F47 0055 .

134 Zeta . 45m X R ZetaPALS [ Zeta Hi v 5045 X R AE CNF B 77 W1 Zeta WL, PR A5 1F N
25 °C, Mk 5 MG, BOEE.

135 REATAFAE  RFBER A G T AR I, RS AN s sREE D 107~10° s &)
AWK 53 Ry Bl A AR A A S SRR, AN AR & 7E 10 rad-sT R, AR YE ] 0.1%~
100% 5 BB S50 FIAEE 0.1~100.0 rad-s™, BiAE 10% (R 95 0L AS #2453 o IR Jr
B RE IR A LM X ), DRIR Y R 25 °C A ARAS I 9E [ A VL B CNF B I AR AT
oy, IR AERAL, BRI CNF B0 R &R oy K 4, A5 30w [ 5 i i CNF BRI, PR 4t
R TR AT R & 0 0.56%, TEZ &5, CNF EF R B W] W i BEAT A o

2 HRE®

21 EHEE(TEM) RN E

B TA D T v 27 4 3l ik TEMPO S A0 BIUR = JR 2 A5 209 109 2 CNF (B i ge i f, i 1]
FIAL, TS CNF Oy ERAEGUKR G e 48, H CNF Z[RIR B8 . = geit, AR ER N
(10.0 + 2.3) nm, KEHHOKRGH, WK 1B, FW]HAT LR 485 i TEMPO S Ak -5 i H 29 52l 2 il
# CNF. |8 1C A 1D gy 7 A [ AL B 2 4% 2 B9 AR 48 CNF R BARSGE T4 5, #R4E CNF 9 B AR
(11.1% 2.6) nm, BB, T35S CNF BA /N EAR R 4F iR B REJE
22 BREIEWHIE

i1k TEMPO S A Ak B 25 i 2 4 R R i A AR IE . RIETE K h W RN g 7, AF T
CNF 7E7K AP SRR (19 B R, CNF R B JE (1935 B s 35 CNI il 5 B XE 5 Je Ae K AR R RS € 1k o 3R
fi: CNF 2 [f7 R ke 3 23 o S0 AL bR v WO S 7 181 2 45 10 T CNTF S8 77 R s 5 3 ol L 4 A o
MR 2RI, BEE AL IR R G, CNF 207 i S8 2k 3 B, 55 1 B
CNF B TR 2 PE T REs 50 2 BirBe: S nid 152 19.6 mL if, CNF &7 i T 222 {k
M8, WHCEFRIX; 53 B AR E ] 242 mL iF, CNF B3l H 5 R IT IR FEE S AL
S e BBt B xS SCER [T JHRIE —E, CF B XA ONF R mDR A& &, AR
Fooo=lex(Vo-V) Vme Hodp: o WRIEG R, o MlE MR AMLPRE, V5 Vo o8 B 5 50 ih i
45 S ik I S E AL B RO RER, m Oy CNF Bl (R CNF 2 e BE 5 ) ol 15X 2
CNF & [f JR B 5 i R JR Mk 2 2 1.98 mmol - ™', A #E CNF 1 2 I J2 A8 5 et BE 7R Mk B O 1.09 mmol - g™, LT
T2 CNF AR, X2 A AE CNF 2105 t2CNF B AR, AR R Ay 5
2.3 Zeta ALK

Zeta BN RAL MR 73 B AR B E PR B B8 bR, — A Zeta HIAZZE X R T 30 mV, RUIAR
WHTRE o Zeta AL XHBOR, ARBERE . K 3 45 T 095 1% CNF B2 Zeta LS CNF [ &
EIAEIL, BT CNF R AR, 171 CNF BV Zeta AL WR N FUE; FIIAWRET, &7
T Zeta WL 26 X R 55~65 mV, FW 14T CNF BRI AR R & W% CNF [# &80 ETt, Zeta
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Figure 1 TEM images and their diameter statistics of Miscanthus floridulus
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Figure 2 Conductometric titration curves of Miscanthus floridulus Figure 3 Zeta potentials of Miscanthus floridulus CNF aqueous

CNF suspension as a function of CNF content
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Figure 4 Apparent viscosity (7,) as a function of shear rates Figure 5 Dependence of dynamic storage modulus (G') on strain
( ’y ) for CNF aqueous suspensions with different amplitude for different concentrations of Miscanthus
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Figure 6 Plots of (A) storage modulus (G') and (B) loss modulus (G") versus o for Miscanthus floridulus CNF suspensions with

different concentrations at 10% strain at 25 °C
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Cox-Merz FEIM Ay, 24 Ko 25 I ik 1) 5 1) 3okt 4 25 v EMEE EORE
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Figure 7 Cox-Merz rule comparisons of Miscanthus floridulus
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#gl[l()] s A] HE A& %% CNF [&] 5 53 73[1 s {ZIS E "JF‘ 1K T viscosity 7, and the solid symbols denote complex
YER B IS 20 o viscosity %)
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