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Abstract: As a high value-added and renewable nano material, nanocrystalline Cellulose (NCC) has
been the technical hot point in the cross field of life science, material science and chemical engineering.
Its research contents consist of low pollution and energy consumption preparation, functional
modification, property and morphology control and nanocomposite application and the key progresses
have been obtained. This paper mainly reviews the latest research progress in the preparation and
application of nanocrystalline cellulose. The relevant issues including the size controlling, targeted
modification and application in water insoluble composite of NCC are also emphasized so as to perfect
and extend its application effect and scope.

Keywords: pulp and paper making engineering, nanocrystalline cellulose, preparation, modification,
application

V5 g AT ARG 25 TSR 294 [ B A R U 1 BV T S R A
RIRET PRI LT YR 320 12 i B-(1, 4)-D-HIAESE R K Ze PERE, 1 [ 54T Py IO 450 DA E e (K 5
FEX AL, AREESN T AMOEURERIEAE A I e R AR08 oy T i AR AT AT . RAREF 4 2 2T

EEEIIr: k5, T, Wl WFRMAT4E v m AR A BRI AT S S i WU T 7L A% 5

E-mail:zhangyong@zstu.edu.cn



MR K ff T 43 20 AR B 2R A BE B B A4 P~ ) —— 1k G T 4E 38 (Mlicrocrystalline Cellulose, MCC) . MCC fJRiAE—
M LTRCK, A, R RORR .. MCC H Ak i atd, JF 2 N & T8, 4k MCC 2
Ja, TESHIRARAYE R S HA YK R HAE BRI e B 21 4 2= 1 il o5 AN H ek B R Rk S 52
PO, YUK £T4EZ (Nanocrystalline Cellulose, NCC)  BIEICHFFLAUIRL o NCC /& —FrFiRIt, i
R AE 30~100 nm Z 7], AILE K 43 HOE ke i Bk T R £ 4 2 i 1A,

NCC AMH BLATEl 47 4 21 I BEA G/ FIPERE 0 A AR BURL IR a0 BRI EE R TR 8w (A
PSR L R iR P W PR ) M BB S N 1, MR B B i T AT A SR AP AR R 22 5 . AT 4E 3R AH L, NCC
HAHEZHRNVIER], W OVIETER, AT TSR A a4 2 ot . ANSCEEEGR T H AT gk el 1
Y1 A BOR LA AN G Bl ) S5 BTt SR N R, 4™ ROX B8 m] i AR Ko iR e ) A 4R L J HoAh A2
B PPRL A U B )2 N AR T A S B B A S 2545 R

1NCC #l&LE

A, AE NCC fil# 5 N AWK,  IFRE TARE S BRI LRI AT N K58 75 7R R SA RIS 22 R 3
BTORS EERN, PEREAB) T INEATT S BTEIZSUR AR IT e T KRR TAE. X5 NCC 4 T
2 HATERRE e T AR ST UERIRR T 4, 770 5 SR BB K VA M) B LB

1.1 ALK %

75 /R K2 Stephanie B.C.4PILUE 1 B A A2 A AN (A REAHE A 50k, SR PR BR /K 781 4 NCC, 5
DI AERI% T2 Cranston E. DAFMLURAE N RO, RINBRR KM HI % NCC, FER LN HI T4k i T
S (PEM) (4 B Bi/RSEIEEE T k2% Kontturi E. 2B BURCH 7748 A JEURE, T R BRIR /K A 1 4 NCC,
PHE AR TR 6 NCC 4 BRI 520 ; Orlando J. RS BRI £h/K il BRET4E 81 4 NCC, 1M
TR IHRE RPN (PVA) 1. Hofl—Se[H A X (TSR NCC 45 3 2 T IR )5
{120, Bondeson DAL A2 0 JfokE, 1561 # MCC, FHE I GRIR/K il % NCC, FEXKME T2
SAFREAT T HiAk s Pan JAEPIDL A AL A  JRORE,  SRIDBIIR ALKl 4 NCC, 81 T il T 24kt
NCC HEFVE IR0 ; Samira EHAAPTLIRIEG IR, SRITBRBR K IHI % NCC FExt Hak AT i
FAE; Juan I MR Gilberto S./"OWy3% F QIR JrURL, 3 I BRI K B 46 NCC, FEXTHEHT TR ERE. [H
PRSI T, P ERRERE T N2 T IR A5 LUK A 2000 Bk, SR B R A kIR i 2 T /K A v i 45
NCC, St HAAT WU B AT N RG22 a2 DL R i AR PV A v BT T A0, I Hee i i !
Lo T 3R PET 44346 IR0 7 R4k S8 A0k ol s U OV s k4T T 9T Aol Il
JE AR M JEURE, SRR R K BV A 4% NCC, IR LN T T 5 58 BB A & I 1 s i e

TGS K FEVE % NCC BoAR TR, (HILE e AR 3, B TE&ERZ), AR RN Ak
R IR 2T, TR R KA S AT e, RN, BEHATE NCC Rilis| Ak
MRHE, T PRS T AR BEoE . BE 2GS A SRR AT 1 B

1.2 YPEHUARE S %

Zhu LY SEULE AR ERL, 8 56 R A SR K AR R AT A AL X A A L, BRARET
Y 25 5 DX SR PR UBR e L 28 IO PR 46 NCC, Pt SLRUB A B REIEAT T %R 4E: Dinand E.251k F
TSI kL, ZERRAR B 25 B~ 2T Al 2 RUR B, SR MU i P 380 O R ) 46 NCC IR JLREA TP RERAL 5
Spence K. LAFPILUE AR IEGTIR 2R 3% o V32 (IR £ SRR Ak A= U by J50RY, SR FHHUAR 25 e 380 B il et
Hil4% NCC, FHEFAS 3 FlEURERYE NCC I UL BEREA T LUAJFY:  Henriksson M. 15 IR I8 2 A2 8% (1 1F
TRt MR SR N kL, R SR IR I 5 B UM i s 35 RO AR AR 5 5 A il 46 NCC, - I FL g M P BEREA TR AL

K PIBER UL Tl 26 NCC i fE T 20 5, (HZIUR Rk e e, RIS s, I RERERERL R, HLNCC
7 PRSI AR OE . TES AR RED AR, 1y 3 O B AR, AT Ll 0 o




1.3 YRR Sl &

Wit 7 24 s A PR A A e R I FH Al PRy AN T A, A N D3 T SR P I 7K A 41 4 35l 46 NCC, 1%
T AR A N AT, AMUTRAgE = NCC RS, a8 n]jl/ b 2= 25 &, oKt
PR AERIRIE Vg G fifar, R BS n] KR PBRAR NCC Hil % FE M R REFE. AL, SR T4 B/ £ 4 2R
AT BE RSN ASKAR TS Gt 4 NCC (1) 3 T

Hayashi 252258 1o 47 4 W AR AN B ST 043 T NCC, Al NCC PRI 8 — FBCEE ) i 4 T P 17 7 2R
PHEBEA SN SRR . 10 i1 P U SRR B F T 4T 4 I B VG ARAG, i A0 A SR B R T 4P e 1 i 10
Py, (R E 2F o W W U R B P MR AT e 22 10 B, AR 4 2 AR A (s i 30 o 1 21X Rk R
HIVEE HOR B 2T 4 R o2 8, MIMBERSTS 2] NCC. HIE, WA RS A 6] NCC B ik 85 i R i 27 4 2%
B/ MRFEE, DI AR NCC 155, [N 780 KA 4E £l R T RN, $2 5 5% 5410 B /K R R0R
LA H RTBFE 46 NCC LR B 8, i fEve.

2 NCC {2tk

WRAEAS A A T ORI T A, K45 1K) NCC 4r FRE P TG M 2 SR T b 2 itk s DAdE—20 4™
K NCC fER AR 2 Sk i W HIVE . B 1 o HETAE NCC A2 MR 5 4 S22 TT R 1 — L8 PR R T AT
NSl CW WU 1T L E AN N AN P AN 2 S e N U AN 2 TN 5 WA TN 5 78T A N
Follain 255Kt 4-Z(3E-TEMPO 43 BB R THEAERITELT M) NCC 4074, ALK T NCC ARHI 437 1%
e, 3w T IR T ARG B4 RE . Zaman SEP2ORFIEAK T 4E NCC 43 15 LB A s =
FEAE: (GTMAC), LURFE I NCC 1 Zeta HIAL, ATIAEFF NCC M A 1B e Bk I7 I ) i

o N
| H ? R R
| 1
o o ——————— () Si— O0O—Si— O
I\T; J:Y H (l;. cl) |
OH OH R™
o o o] (o] T [

———————————— {q)

o
|

| |
Si—

s}
{e) + o = (i) (i) \
o S o U RSICly —O—%i—0
OH 1l | |
(o] [i? R R
(o] o]

OH OH SOgH SOH
| HoSO, | @
N | |

= | N OH
-~ ™~ SOgH
o
. o o )L TEMPO, NaOCl
R el
o o COOH COOH

© | I
Tk o 0 "

COOH

(d)

(@B G TENPO FifL: () EBHEN: () RETL: @Bk () REML: () FREEN
1 NCC LS B A AT EBR 4™



3 NCC W Fi 4

NCC ZKBIFHAT 5N B DI ) AE R R Rl e ke e PRCIRE, wT AR 2G5 Bty Aol S 7K IR 1D v
ININF. NCC R FUAFIEA M, BEM s AV, AMIEEE LGy, ] AR 53k LA BAAR 43 1 it Fr S
S BEAR PR £ ™) NCC I T A 3R 05— s it . 76 NCC I 51 ARE. Bk, BR. JREEHEH,
ZALSF R T, 1 A B R RS A0 AL T S P TR A A (R SRR NCC BT AR Tl 7 BRAG
I AE R R & R B ), Tk A G X R T IHAZ AR, X (R4 NCC HAT T F-1E 1m) B3 AH 1)
REIR G AE I BRI LT I S %) 5 i ' PR € B NS A RS [T AR Ak, Tk, NCC aT 38 6 A8
BE R T2 S5 TG . T NCC Y6 EARREAS e E ik BRI AR5 ENREA T 52001, A L AE i
B ANFRES S D A% % i A (97 O el S e (0 P e TT e AR RIS 4R 4, T NCC B K&
AR R IR, o DR s AU A4t 2 M 45670, BRI nT DR R 1 40 3l Bl B R0 Bh ) 4
.

Favier 2519 55K NCC VE AR IR AR (858 AR A6 T, TF 61 7 Tt B 7 vK NCC A S5 4 Pt 14
H BT AR R A AR Jei] . 5T NCC BRI 4K 2 A AR PE REAR CRERE T NCC 3. 2
A T S L 55 SRR ) (R AH LA T g o A R AT 9K ROSH IR AT AR A RE, NCC T A 2300 35 SR S TR R
PN L. BEIR T WRAT4E RS RRE AV MEHE LIH (PVC). BAMR (PLLA). EWME (PP) FIEHA
LI (POE) 5545 SR A W IidE W FE R UAR P fE -

Azizi 20O POE 58 T BESh IR E NCC K BIZ IR & 5 B g kv kL o 95 Tk 1K POE 5
NCC KBTI SIRA s IR R b 5 770 18 11 759 28 B A . SR i e . 22 AGai . sl
PHUBIE S P S REREAT AL . 45 R E W], POE 5 NCC Z [MAFAEBRIIM EAE T, A mgek s 5608
PFS 2 IS L POE 4 il )& 5 s [N, Azizi 580145 T L—Fp 5228804 NCC 58 25K 4 B9 K &2
G BRI, 5 NCC ISy T, AR SR AT SR T 10 245, hrifiiEdasR
4Tt

NCC & n] FHE SR EE 25 -IM BL . B IR  SAHM BE AP DhRed B, JEA 6 H A6 W,
WS PR R AT 2 S D REA R L AP 2, TV AR I8 RV R & BUBTo . FRe N RS EYE
PR A AR R A R BT,

4 KRBTGS

NCC 1F 2Bl BEANE AT 5 E 2B AR, CAE ISR IE AR SR S WAL bR 46 S AT 21 T IR
WHFL, JFES T HERHERE . RV DB B g5 T2, MU R 5. TR
PERE, MRV9%. IRAERE. MRl e R Fr R BE B KRS AL 7 i, 2 NCC 8 U R 7T i
[, d1F NCC il g i REXT KA T AASNE KA RO AN E P S A B iR, H AT Y TS
TELER T UMK IR EW. P, F2E G NCC P dh i RS I H AR s UL et NCC
R FARKE PR S 8, Tt — D 58 AR 58 NCC AERT 4] 1542 A R0 RH A P I R
ZALRENE B

s

[1] Dufresne A. Comparing the mechanical properties of high performance polymer nanocomposites from biological sources[J]. J.
Nanosci. Nanotechno., 2006, 6(2): 322-330.

[2] Hamad W. On the development and applications of cellulosic nanofibrillar and nanocrystalline materials[J]. Can. J. Chem. Eng.,
2006, 84(5): 513-519.

[3] Stephanie B C, Maren R, Derek G G. Effect of reaction conditions on the properties and behavior of wood cellulose nanocrystal

suspensions[J]. Biomacromolecules, 2005, 6(2): 1048-1054.



[4] Cranston E D, Derek G G. Morphological and optical characterization of polyelectrolyte multilayers incorporating nanocrystalline
cellulose[J]. Biomacromolecules, 2006, 7(9): 2522-2530.

[5] Kontturi E, Vuorinen T. Indirect evidence of supramolecular changes within cellulose microfibrils of chemical pulp fibers upon
drying[J]. Cellulose, 2009, 16(1): 65-74.

[6] Maria S P, Youssef H, Justin O Z, et al. Nanofiber composites of polyvinyl alcohol and cellulose nanocrystals: manufacture and
characterization[J]. Biomacromolecules, 2010, 11(3): 674-681.

[7] Bondeson D, Mathew A, Oksman K. Optimization of the isolation of nanocrystals from microcrystalline cellulose by acid
hydrolysis[J]. Cellulose, 2006, 13(2): 171-180.

[8] Pan J, Hamad W, Suzana K S. Parameters affecting the chiral nematic phase of nanocrystalline cellulose films[J].
Macromolecules, 2010, 43(8): 3851-3858.

[9] Samira E H, Yoshiharu N, Putaux J L, et al. The shape and size distribution of crystalline nanoparticles prepared by acid
hydrolysis of native cellulose[J]. Biomacromolecules, 2008, 9(1): 57-65.

[10] Juan I M, Vera A A, Viviana P C, et al. Extraction of cellulose and preparation of nanocellulose from sisal fibers[J]. Cellulose,
2008, 15(1): 149-159.

1] Ry, £ fig, TR, 55 MeRAUKERZHAE R I ABRRAT 1] SR BE T R4, 2007, 35(10): 91-98.

12] 6 Hi, TR QUK AT UER KRBT A A ERE]. M AeE 5 Tk, 2006, 26(4): 54-56.

131 56 Hi, TRE. AUKBR AR RAR DT, @ ARERRE 5 TR, 2006, 22(5): 125-127.

14] £ g, TRI, R 40RBE SRR IMSEDIE]. R T # ), 2006, (8): 982-987.

15] DA, 58 Fi, BT, SF GORETYEZRARM PET 2H4ESUMIIN I s IERAEL]. 2T 4E Rk SR, 2006, 14(4): 27-30.
16] Ji  #i, TRI. AUKRGR TR T 8 &7 AR AR SR A PERELD]. BT, 2007, 27(4): 41-45.

7] A O, A WK, BREGE, A5 TR/ AR £T 4 2 A A IR % S PEREDEEI]. ARLITST S N, 2008, 2(4): 405-408.
[18] Zhu J Y, Sabo R, Luo X L. Integrated production of nano-fibrillated cellulose and cellulosic biofuel (ethanol) by enzymatic
fractionation of wood fibers[J]. Green Chem., 2011, 13: 1339-1344.

—, o/, o/, /| /| /|

[19] Dinand E, Chanzy H, Vignon M R. Suspensions of cellulose microfibrils from sugar beet pulp[J]. Food hydrocolloid., 1999, 13:
275-283.

[20] Spence K L, Venditti R A, Habibi Y, et al. The effect of chemical composition on microfibrillar cellulose films from wood pulps:
Mechanical processing and physical properties[J]. Bioresource Technol., 2010, 101: 5961-5968.

[21] Henriksson M, Henriksson G, Berglund L A, et al. An environmentally friendly method for enzyme-assisted preparation of
microfibrillated cellulose (MFC) nanofibers[J]. Eur. Polym. J., 2007, 43: 3434-3441.

[22] Hayashi N, Kondo T, Ishihara M. Enzymatically produced nano-ordered short elements containing cellulose 1B crystalline
domains[J]. Carbohyd. Polym., 2005, 61(2): 191-197.

[23] Edmond L, Keith B M, Jonathan H C, et al. Applications of functionalized and nanoparticle-modified nanocrystalline
cellulose[J]. Trends Biotechnol., 2012, 30(5): 283-290.

[24] Habibi Y, Chanzy H, Vignon M R. TEMPO-Mediated surface oxidation of cellulose whiskers[J]. Cellulose, 2006, 13(6):
679-687.

[25] Hasani M, Cranstion E D, Westman G, et al. Cationic surface functionalisation of cellulose nanocrystals[J]. Soft Matter, 2008, 4:
2238-2244.

[26] Habibi Y, Goffin A L, Schiltz N, et al. Bionanocomposites based on poly (e-caprolactone)-grafted cellulose nanocrystals by
ring-opening polymerization[J]. J. Mater. Chem., 2008, 18: 5002-5010.

[27] Junior de Menezes A, Siqueira G, Curvelo A A’ S, et al. Extrusion and characterization of functionalized cellulose whiskers
reinforced polyethylene nanocomposites[J]. Polymer, 2009, 50: 4552-4563.

[28] Pandey J K, Chu W S, Kim C S, et al. Bio-nano reinforcement of environmentally degradable polymer matrix by cellulose
whiskers from grass[J]. Composites Part B: Engineering, 2009, 40: 676-680.

[29] Siqueira G, Bras J, Dufresne A, et al. Cellulose whiskers versus microfibrils: influence of the nature of the nanoparticle and its

surface functionalization on the thermal and mechanical properties of nanocomposites[J]. Biomacromolecules, 2009, 10: 425-432.

5



[30] Gousse C, Chanzy H, Excoffier G, et al. Stable suspensions of partially silylated cellulose whiskers dispersed in organic
solvents[J]. Polymer, 2002, 43: 2645-2651.

[31] Follain N, Marais M F, Montanari S, et al. Coupling onto surface carboxylated cellulose nanocrystals[J]. Polymer, 2010, 51:
5332-5344.

[32] Zaman M, Xiao H N, Chibante F, et al. Synthesis and characterization of cationically modified nanocrystalline cellulose[J].
Carbohyd. Polym., 2012, 89: 163-170.

[33] Azizi S M A S, Alloin F, Gorecki W et al. Nanocomposite polymer electrolytes based on poly (oxyethylene) and cellulose
nanoerystals[J]. J. Phys. Chem. B, 2004, 108(30): 10845-10852.

[34] De S L M M, Borsali R. Rodlike cellulose microcrystals: structure, properties, and applications[J]. Macromol. Rapid Commun.,
2004, 25(7): 771-787.

[35] Favier V, Canova G R, Cavaille ] Y, et al. Nanocomposite materials from latex and cellulose whiskers[J]. Polymer Advanced
Technology, 1995, 6(5): 351-355.

[36] Azizi M A S, Fannie A, Sanchez J Y, et al. Cellulose nanocrystals reinforced poly(oxyethylene)[J]. Polymer, 2004, 45:
4149-4157.

[37] =43, BRIHE, WD, GPREFYER SN HI & XNV BEREE (], AR 467 5 Tk, 2010, 30(2): 121-125.

(FiE%$E £ %)



