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B OE: UBMHEENESRER, SALRAHERARBHRIMIERSE, BEIRBKEIEHENTHTEARURTEER
(NCC). FIMFIHZEEIH#BAE (FESEM) MEBEITHE NCC HBH R, FIAH X FHRATHN (XRD) iFHET NCC 4 &R
B, FURAEBKARHEREBE I B NCC HIAT RS, FIA Zeta AN ZURIE NCC REBBMURIHS . SRRH, BdFaR
B2EKEIEHAEHEN NCCHE, HEREREEH, FTHER 24.7om, FHKE 286 nm, KEH 12, BEHZHEST NCC,
HUZEHPRESINERBRER, Zeta A {UNEARBRKE L 2451 1B 1T NCC 1/4,

EEE: ARMALTEER: THAE: BRAS, GEER; HRRE

AHERRMR I SERFENRRART S TUHEY, HE—1 D-EHFRIGHET -1, 4 BEBRBERESE
M. FkESEF%E (Nanocrystalline Cellulose, NCC), RHRRTERLMBLTEBIMAE
IREEHERRAENRBERAER A=Y, MEEEHEFEENEALEMNLEE, ERAEZHKRBAN
#HD, KRS ETEERERAZER, THTRUARRLEEHY. 2REAFERABRREEN
FBRARRBTEEH L — HE IR AR ERE L E H 60%~80% K50 Hi SE f5 88 (EC3.2.1.91).20%~36%
MK AR (EC3.2.1.4) F 1% -HZBEE (EC3.2.1.21) #KRD . Hd, AVEEEBIEER
THHERS TFREMIESBR, BIKESL 4BEE BREFEESTRE, ERBSFTEEX
BN YR, SMIERBERN B-1, 4-HRBEAHE R, BEBANAEENIEGRRKHE B-1, 4-HH
B, A%, T ARHEBTEHYUKMBEAE R, mEEEREY. BNE-WEAEYRE, A
FAEKEER. AMEPE. AESERSMNA, HAEREERFEARSEROEEZEE T —REAM K,
HEALF AR R

T4 NCC % T2l E RAMRMBMAK BB A A HEE (Microcrystalline Cellulose, MCC), BIRH LR
XURBESEREN NCC Me, BEX—dRBAFREME, XASEE, IFLEL&MHTZ, RANRNER
REMBRAAREERKR L, SHEKENKNS L ®RE. EEENLE, MIIEHSTE NCC REFIAK
B, MG NCCHEZERR. E¥. EASMAMESRONA™ . RABEKESTHEESE NCC,
WHEEREESRETHT, MUTRSE NCC =RFREMAE, oA RER, BEKRERERNR
B ftr, RG] MRFAEZRERAFESEH, HmEnT NCC MBI AYEENE, HRTHESR
fs B, BEAFMERIEKINA .

AHRUBTAEERMELRER, EHLREHERAEN R EEZE, EdZEKBIIHEE
reF4E NCC, BT HEER&&MF, RNFAGKSEM#HES (FESEM). X FHEATHM (XRD). JtEKtR
WRE T, Zeta MBS FBEXTHZFIEBMAE NCC RPMLHEIATRIE, UHRE—MIAERE
B AT RIPTRE 4 NCC KT Bl & ik
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1.1 LK R

FEEHAIWITETHREN T TRESES 2 ESRIFBORE (20110946) FEFTEANALMESESRBETREESZ BEERIH
H4 (YR2011017) X
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EMWEPEILREEBMAEYS; BERARE (ATCC 13631) W B T E R} B0 A YT 57 57 B R 7 58
b ERANERAFIER. Rk, S8E0H. 28, REBRWYNSTL, WETRM A TR FA
7.

1.2 LR
121 EBITHFEHE

EATIREZE FRITSCH /7] Pulverisette ¥y B K AEHURBEFEAER T, T 80°C B 5 ¥4 4.0% ) NaOH
BB RN 90 min, X—IRER 3 K, HEAREKERE, URZBTHOARR. 945, WS
WEMAS. AL 1.1 KEERETE. BEIECH 1.7% B NaClO Bl HRMB/KABKIR S AR
fERT, F80CEAMEEMNLE 180 min, X TFEEF 4K, HAHAZBKEGERE, URKRRAENE
4R E .

1.2.2  FEITHFE MCC &

X H 4.0 moV/L HCl KRE LA BEEHEBAITH Y, REBEMKERMR T Z4HMEN MCC, &Mt
JEIREN 50~70 um 445, BIEBATHRHE MCC, 1EXNA4%RBEZEKMEH & B 44% NCC FERFER . B 1 A
Z W BITHEIE MCC B SEM B H,

1 4.0 moV/L HCI 7KfE#I & EATHE MCC B SEM R A

1.2.3 SF4ERBEZE KB MCC

BERABEN TOREHAREARERGIER 24 h, UEBEE MCC E AR, BB RES
¥R 5.0 BEIFF TR T Mandel 35573, 78 250 mL =AM T 25CE M FRGREE, FIBEREB LY BERE
1 um BA_E B REAER™ , B8 BAEN 4 T FE N 10 J7 BB Ui ok, A28k e SR R T A B O BAT 474 NCC
Moy, AETREMFMTH. NCCHEARNRBRHIBMAYE NCC RESRIFEBITHE MCC REZ I,

Xt R A RMBKAE L2, BEMTFHE MCC B T RE Y 60% HSO, W, T45CHMHT RN 1h,
ABKEEELTIE, BHIRNBIEYE NCC ¥EZE pH Eh M, WETREEITH.
1.24 FHERBENE

B RABH AN & REEIE I 2B AT LIRS . CMC B8iE. pNPG BHEH#ET"Y. XA Nelson
Somogyi 1 J 52 IS ALESIE .CMC B BB BB = e 1Y, UL p- R KW 2R P AL B BT 4 B pNPG BE "7
BIE BT TU/mL 2R 1 mL B, 1 min KRR LA ST lumol BHLCIRY) MBS E .
1.2.5 FESEM 747

¥ 50 \L NCC BB (AR HL 0.01%) W EEEER £, RT 24 h /584 6 nm, F|F JEOL 6400F %! FESEM
MEESTNCC SR, BtE&M:: InEHEE 2kV. TR 4.4 mm. XA UTHSCSA EHRAHE T RHRE. Kk
SEM A B/ 250 # NCC 4N R ~F, i OriginPro 8 4t #4447 E4T NCC KB REZ.
1.2.6 XRD F DP 4}

FIH Rigaku D/Max-2500V & XRD #ll € £F7 NCC K45 @ E, 20 FARTER 5°~40°. 2°/min. KIEHFZ
VIR PR AL BRAR A B P VI R AT NCC IS B, SRR P REE.
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1.2.7 Zeta HAME

WHRESEHN 0.05%KFNT NCC BIZFWMEBE B S
min, #FH Malvern 3000 £ Zeta BAIJI B UM E NCC 16
W Zeta AL, FLLAATBAT NCC BB B BIRRE M.

2 #REiTe

2.1 FENCCHER B

o FEKBE AR ES T, FAET S FREA o
BMALRLERXHER, B—ANERNEDLFERE. o
BRAEFERATEERETH S SR THRSER B2 SEREZEKBTRIEN TS NCCBE
K, AIMHIAAERS TREKBARERE, FEEEREZE, WM EREHIEN NCC M. £ERABRE
REETFES, K= @RENEILSE 5 RN EIEE, 25 AE4KEE 0.61 IU/mL. CMC E8iE 0.04 IU/mL. -
HEPEE RS 60.36 IU/ML, 7RG, HAERBEEEHAHE TR, SAEREENNM NCC BE, fie
HRWE 2 Fin. ERABRERENT 3 X, NCC BREFFE 4% LU FHBMEKY, TR 5 2IMPUEEK K%,
ERBES 5 RATABIB Y 18%, MEHESEE. NCC BRI KL S TERBEI=HBRER R K.
2.2 FBA NCC B R~

& 3 X RFAAE SRR L 25 &N B % NCC(a) M B KA BT P-4 4 EEE KR H & 1 B4 4 NCC
(b) FESEM Hfr. AR LZHEMEN NCC B ABREN . SMBKEHEE NCC I THREGMMIER, 2
B LGP A MR R BT 4 FER/K ARSI & 1) NCC UIFF i IR BRI R . Givt 4 #4831 IEAT NCC 4+
MR 1 fion. SFERBKEH KB NCC FHER 24.7 nm. FHKE 286 nm, KR 12, TR
KR & BIBAT NCC, EREANAH, RAFEXKKRL CEEA 15). B NCC MEAER T ER THR
MALEZBFIERTRAR, BBRKETERRAITH, HRNEERRZEHX RN BRERENEW;
FHEERBKBRZIRGEERNI, CEAEREOMEEXBHNEREFEREREMRETYES, UAK
7& MCC F I EEERE 1 B UMK .
o (1)

20

—
N

NCCHE %/%
o0

o

B3 RERKMASIERBITE%E NCC (al 1 a2) FEFHEEEKEHZFIEITH Y% NCC (bl f1b2) FESEM A
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23 SRENEEE

FIFH XRD 7 #78lE BATRAE MCC 1 NCC 455, WU THERBKMEKEE S, URSHERE
RITT AR . AN TERERK AR & BT NCC, FAERBIKMBIRBH NCCHEREHRE TR, BIBE8%AS,
HEERHTERARERRIMTEERE MCC P EFRBHFERS, FEIHBIFERLERXZ IR

K12 TERKBIEN NCC NEREMREELHIE. ERBKEHSE NCCERT, AEERSHEN
392.4 (%% 174.1, [RIBTE 50%7/ch . MAHERHKBIRET, FERECENE 1 RE2E S RBHTHE, 4
A4 371.05 350.4. 314.1, 259.7. 211.5. MAHERB/KEIELNH, 0B 1 fix, #HTFEMM NCCBERE,
HALEERSHETRIAHE.

F1l TERBHEMNCCERE. BEE. BRIRT

B % REE % & R
¥ E/mm E & K&
FEATHEFIE MCC 80.2 3924 — 50~70 um (FiEE/ED
RS K ARSI & NCC 78.8 174.1 R 205 14.0nm 15
FERBIKFHIE NCC 72.0 211.5 R 286 24.7nm 12

2.4 NCC BAxta et

ERARRT, BREFIEARERFHISEHN
FENE, BN TFHTASHE SN, HEHRFE
WP, ANTRFEREERREHFE. 8
WEIL Zeta WAL, BIATHAIMTBAKLTH B EIRTS,
VA rIRe et . B 4 ITLLEH, RERKAE
& RIEBAT NCC BAAVEW Zeta BBAT—40.8 mV, £
Y RE KB HE B BT NCC Zeta HAIUG—11.4
mV. BIERABENFEEREEE NCC #l&dHE
o, BT LS TEREE, SRR B
BWEARE, HFENEBHREN NCC MEHREAT 4
YA, BETHERR. BE¥. EHSHHE
S I A

38 #

3.1 BT NCC #MeML REVEMERE. AWM MTE A, HRT RS T2 BN EEM B0
BRI R — . KRN T RHLREE R KRBT RN % ZBEH T EBTRE MCC, B 24K
TR & BT NCC T2 AIATH, HELERBT 18%HIEN NCC BE.

32 HTERAREBHTAERBERERBSEP N BITFE MCC &SR REBRNFHERRS, BFEAEER
BR7K AR & R AT NCC BB /K 81 % 1 NCC 45 S LA 8 T .

3.3 XAKGHRBRKMELEZSENEN NCC SRS TH# LIIAERE, T RATEREKERSNBMT
NCC S FHEMALSHAE, MIEMNT NCC FAYAHEAN, wETHERM. B, EASHMESUNN
M.

ZetaH fi7/mV

B4 BRER/K MR T 4 FBK AR H &1
FAT NCC BN Zeta AL

8 £ X W
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Preparation and Characterization of Nanocrystalline Cellulose from Bamboo Fibers

by Controlled Cellulase Hydrolysis

LISha' LU Xiao-bing' CHEN Lin-zheng' ZHANG Yong'*'
(1. College of Material and Textiles, Zhejiang Sci-Tech University, Hangzhou, Zhejiang province, 310018;

2. College of Chemical Engineering and Materials Science, Zhejiang University of Technology, Hangzhou, Zhejiang Province, 310014)
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Abstract: The extracellular cellulase enzyme produced by Trichoderma reesei was used to prepare nanocrystalline cellulose (NCC) by
controlled hydrolysis of bamboo fibers. The morphology of the prepared bamboo cellulose nanocrystals was characterized by field emission
scanning electron microscopy and the crystallinity was measured by X-ray diffraction. The degree of polymerization was tested by automatic
viscosimeter. The surface charge in suspension was estimated by Zeta-potential. The results showed that all NCC from bamboo fibers presented
a rod-like shape, an average diameter of 24.7 nm and length of 286 nm, with an aspect ratio of around 12. The zeta potential of cellulase
hydrolyzed NCC was 4 times lower than that of NCC prepared by acid hydrolysis process.
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